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bƻǾŜƭ ŦǳƴŎǘƛƻƴǎ ƻŦ ǘƘŜ pyrenoid ŀƴŘ ǘƘŜ ƭŀǊƎŜ ǎǳōǳƴƛǘ ƻŦ ribulose-1, 5-bisphosphate 

carboxylase/oxygenase in Chlamydomonas reinhardtii 

 

 

 

¸ǳ ½Ƙŀƴ 

! ¢ƘŜǎƛǎ 

Lƴ 

¢ƘŜ 5ŜǇŀǊǘƳŜƴǘ 

ƻŦ 

.ƛƻƭƻƎȅ 

 

tǊŜǎŜƴǘŜŘ ƛƴ tŀǊǘƛŀƭ CǳƭŦƛƭƭƳŜƴǘ ƻŦ ǘƘŜ wŜǉǳƛǊŜƳŜƴǘǎ 

CƻǊ ǘƘŜ 5ŜƎǊŜŜ ƻŦ 5ƻŎǘƻǊ ƻŦ tƘƛƭƻǎƻǇƘȅ ŀǘ 

/ƻƴŎƻǊŘƛŀ ¦ƴƛǾŜǊǎƛǘȅ 

aƻƴǘǊŜŀƭΣ vǳŜōŜŎΣ /ŀƴŀŘŀ 

{ŜǇ нлмр 

 

ϭ ¸ǳ ½ƘŀƴΣ нлмр



ii 

CONCORDIA UNIVERSITY  

SCHOOL OF GRADUATE  STUDIES  

This is to certify that the thesis prepared  

By:   Yu Zhan 

Entitled: Novel functions of the pyrenoid  and the large subunit of ribulose-1, 5- 

                bisphosphate carboxylase/oxygenase in Chlamydomonas reinhardtii.      E 

and submitted in partial fulfillment of the requirements for the degree of   Ph.D 

complies with the regulations of the University and meets the accepted standards with 

respect to originality and quality.  

Signed by the final examining committee:  

                       Dr. Gilles Peslherbe                                                 Chair  

                       Dr. Peter Moffett                                                      External Examiner 

                       Dr. Ann English                                                       External to Program 

                       Dr. Alisa Piekny                                                       Examiner  

                       Dr. Luc Varin                                                             Examiner 

                       Dr. William Zerges                                                  Thesis Supervisor  

Approved by  

                                           Dr. Patrick Gulik                          e                          

                       Chair of Department or Graduate Program  

2015. 09. 09                                             Dr. André G Roy    e 

                                                         Director Dean of Faculty 



iii 

!ōǎǘǊŀŎǘ 

bƻǾŜƭ ŦǳƴŎǘƛƻƴǎ ƻŦ ǘƘŜ pyrenoid ŀƴŘ ǘƘŜ ƭŀǊƎŜ ǎǳōǳƴƛǘ ƻŦ ribulose-1, 5-bisphosphate 

carboxylase/oxygenase in Chlamydomonas reinhardtii 

 

¸ǳ ½ƘŀƴΣ tƘΦ5Φ 

/ƻƴŎƻǊŘƛŀ ¦ƴƛǾŜǊǎƛǘȅΣ нлмр 

 

          ¢Ƙƛǎ ǘƘŜǎƛǎ ŘŜǎŎǊƛōŜǎ Ƴȅ ǊŜǎŜŀǊŎƘ ƛƴ ǘƘŜ ŎŜƭƭ ŀƴŘ ƳƻƭŜŎǳƭŀǊ ōƛƻƭƻƎȅ ƻŦ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ƻŦ 

ǘƘŜ ƎǊŜŜƴ ŀƭƎŀ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ CƻƭƭƻǿƛƴƎ ŀ ƎŜƴŜǊŀƭ ƛƴǘǊƻŘǳŎǘƛƻƴ ǘƻ ŀƭƭ ǊŜƭŜǾŀƴǘ 

ǘƻǇƛŎǎ ƛƴ /ƘŀǇǘŜǊ мΣ /ƘŀǇǘŜǊǎ н ǘƻ п ǇǊŜǎŜƴǘ ŘƛŦŦŜǊŜƴǘ ǇǊƻƧŜŎǘǎΣ ŜŀŎƘ ǿƛǘƘ ǘƘŜ ƻǊƎŀƴƛȊŀǘƛƻƴ ƻŦ ŀ 

ǇǳōƭƛŎŀǘƛƻƴΦ  

        /ƘŀǇǘŜǊ н ŘŜǎŎǊƛōŜǎ Ƴȅ ƛƴǾŜǎǘƛƎŀǘƛƻƴ ƻŦ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ƻȄƛŘƛȊŜŘ wb! ƛƴ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ 

ŀ ǎŜƳƛ-ŀǳǘƻƴƻƳƻǳǎΣ ōŀŎǘŜǊƛŀƭ-ǘȅǇŜ ŎŜƭƭ ƻǊƎŀƴŜƭƭŜΦ L ǎƘƻǿ ǘƘŀǘ ǘƘŜ ƭŀǊƎŜ ǎǳōǳƴƛǘ ƻŦ wǳōƛǎŎƻΣ 

w./[Σ Ƙŀǎ ŀ άƳƻƻƴƭƛƎƘǘƛƴƎέ ŦǳƴŎǘƛƻƴ ƛƴ ŎƻƴǘǊƻƭƭƛƴƎ ǘƘŜ ƭŜǾŜƭ ƻŦ ƻȄƛŘƛȊŜŘ wb! ƛƴ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘΦ L 

ŀƭǎƻ ǎƘƻǿ ƛƴ ǘƘƛǎ ŎƘŀǇǘŜǊ ǘƘŀǘ ŀ ŎƻƳǇƭŜȄ ƻŦ w./[Σ ŎƻǊǊŜƭŀǘŜǎ ǿƛǘƘ ǘƘŜ w./[ ƳƻƻƴƭƛƎƘǘƛƴƎ 

ŦǳƴŎǘƛƻƴΣ ǿƛǘƘ ǊŜǎǳƭǘǎ ƻŦ ƴŀǘƛǾŜ ǇƻƭȅŀŎǊȅƭŀƳƛŘŜ ƎŜƭ ŜƭŜŎǘǊƻǇƘƻǊŜǎƛǎ ŀƴŘ ǎƛȊŜ-ŜȄŎƭǳǎƛƻƴ 

ŎƘǊƻƳŀǘƻƎǊŀǇƘȅΦ ¢ƘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘƛǎ w./[ ŎƻƳǇƭŜȄ ŀƴŘ ŀƎƎǊŜƎŀǘŜŘ ŦƻǊƳ ƛǎ ŀ ǎǘŜǇ ǘƻǿŀǊŘǎ 

ǳƴŘŜǊǎǘŀƴŘƛƴƎ Ƙƻǿ w./[ ƳƛǘƛƎŀǘŜǎ wb! ƻȄƛŘŀǘƛƻƴΦ 

         wŜǎǳƭǘǎ ƻŦ ƛƳƳǳƴƻŦƭǳƻǊŜǎŎŜƴŎŜ ƳƛŎǊƻǎŎƻǇȅ ǊŜǾŜŀƭ ǘƘŀǘ ƻȄƛŘƛȊŜŘ wb! ƭƻŎŀƭƛȊŜŘ ƛƴ ǘƘŜ 

ǇȅǊŜƴƻƛŘΣ ŀ ŎƘƭƻǊƻǇƭŀǎǘ ƳƛŎǊƻ-ŎƻƳǇŀǊǘƳŜƴǘ ǿƘŜǊŜ /hн ƛǎ ŀǎǎƛƳƛƭŀǘŜŘ ōȅ ǘƘŜ /ŀƭǾƛƴ ŎȅŎƭŜ ŜƴȊȅƳŜ 

wǳōƛǎŎƻΦ ¢Ƙƛǎ ŦƛƴŘƛƴƎΣ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ǇǊŜǾƛƻǳǎ ǊŜǎŜŀǊŎƘ ƻŦ ŎƘƭƻǊƻǇƭŀǎǘ ǎǘǊŜǎǎ ƎǊŀƴǳƭŜǎΣ ǇǊƻǾƻƪŜŘ 

Ƴȅ ƛƴǘŜǊŜǎǘ ƛƴ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŦǳƴŎǘƛƻƴǎ ƻŦ ǇȅǊŜƴƻƛŘ ƛƴ wb! ƳŜǘŀōƻƭƛǎƳ ŀƴŘ ƭŜŘ ƳŜ ǘƻ ǳƴŘŜǊǘŀƪŜ ŀ 
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ǇǊƻǘŜƻƳƛŎ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǘƘƛǎ ƳƛŎǊƻŎƻƳǇŀǊǘƳŜƴǘΦ /ƘŀǇǘŜǊ о ǊŜǇƻǊǘǎ ŀ ǇŀǊǘƛŀƭ ǇȅǊŜƴƻƛŘ 

ǇǊƻǘŜƻƳŜΦ L ƻǇǘƛƳƛȊŜŘ ǘƘŜ ǎǳōŎŜƭƭǳƭŀǊ ŦǊŀŎǘƛƻƴŀǘƛƻƴ ƳŜǘƘƻŘǎ ǘƻ ƻōǘŀƛƴ ǇȅǊŜƴƻƛŘ-ŜƴǊƛŎƘŜŘ 

ŦǊŀŎǘƛƻƴǎ ŀƴŘ ŘŜǾƛǎŜŘ ŀ ƳŜŀƴǎ ƻŦ ƛŘŜƴǘƛŦȅƛƴƎ ŎƻƴǘŀƳƛƴŀƴǘ ǇǊƻǘŜƛƴǎΣ ōȅ ǇǊŜǇŀǊƛƴƎ ŜǉǳƛǾŀƭŜƴǘ 

ŦǊŀŎǘƛƻƴǎ ŦǊƻƳ Ƴǳǘŀƴǘǎ ǘƘŀǘ ƭŀŎƪ ŀ ǇȅǊŜƴƻƛŘΦ wŜǎǳƭǘǎ ƻŦ ōƛƻƛƴŦƻǊƳŀǘƛŎ ŀƴŀƭȅǎŜǎ ƻŦ ǘƘƛǎ ǇȅǊŜƴƻƛŘ 

ǇǊƻǘŜƻƳŜ ŦǳǊǘƘŜǊ ǎǳōǎǘŀƴǘƛŀǘŜ ƛǘǎ ǊƻƭŜ ƛƴ wb! ƳŜǘŀōƻƭƛǎƳΣ ŀƴŘ ŀƭǎƻ ŎƻƴŦƛǊƳ ƛǘǎ ƭƻƴƎ-ǎǳǎǇŜŎǘŜŘ 

ǊƻƭŜ ƛƴ ǎǘŀǊŎƘ ƳŜǘŀōƻƭƛǎƳΦ ¢ƘŜ ǊŜǎǳƭǘǎ ŀƭǎƻ ǎǳƎƎŜǎǘ ŀŘŘƛǘƛƻƴŀƭ ǳƴŜȄǇŜŎǘŜŘ ǇƻǎǎƛōƭŜ ŦǳƴŎǘƛƻƴǎ ƛƴ 

ǘǊŀƴǎƭŀǘƛƻƴΣ ƭƛǇƛŘ ƳŜǘŀōƻƭƛǎƳΣ ŎƘƭƻǊƻǇƘȅƭƭ ōƛƻǎȅƴǘƘŜǎƛǎ ŀƴŘ ǎǘǊŜǎǎ ǊŜǎǇƻƴǎŜǎΦ  

      /ƘŀǇǘŜǊ п ŘŜǎŎǊƛōŜǎ ǊŜǎǳƭǘǎ ǘƘŀǘ ŦǳǊǘƘŜǊ ǎǳǇǇƻǊǘ ǘƘŜ ǊƻƭŜ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ ƛƴ ŎƘƭƻǊƻǇƘȅƭƭ 

ǎȅƴǘƘŜǎƛǎ ŀƴŘ ǊŜǾŜŀƭ ƻǘƘŜǊ ƴŜǿ ŀƴŘ ǳƴŜȄǇŜŎǘŜŘ ŦƛƴŘƛƴƎǎΦ ¢ƘŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ 

ǎȅƴǘƘŜǎƛǎ ŎƻǳƭŘ ŎƭƻǎŜƭȅ ǊŜƭŀǘŜ ǘƻ ǘƘŜ ŀǎǎŜƳōƭȅ ƻŦ ǇƘƻǘƻǎȅǎǘŜƳ ƻǊ ƭƛƎƘǘ ƘŀǊǾŜǎǘƛƴƎ ŎƻƳǇƭŜȄ 

ǇǊƻǘŜƛƴǎΦ ¢ƘŜǎŜ ǊŜǎǳƭǘǎ ŀƭǎƻ ƎƛǾŜ Ƙƛƴǘǎ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ƭƻŎŀǘƛƻƴόǎύ ƻŦ ǘƘȅƭŀƪƻƛŘ ōƛƻƎŜƴŜǎƛǎΦ aȅ ǿƻǊƪ 

ǊŜǾŜŀƭǎ ŀ ƴƻǾŜƭ ŦǳƴŎǘƛƻƴ ƻŦ ǘƘŜ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ǇǊƻǘŜƛƴ w./[ ƛƴ ǘƘŜ ŎƻƴǘǊƻƭ ƻŦ ƻȄƛŘƛȊŜŘ wb! ŀƴŘ 

ǘƘŜ ƛƳǇƻǊǘŀƴǘ ǇƻǘŜƴǘƛŀƭ ŦǳƴŎǘƛƻƴǎ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘΣ ƛƴ wb! ƳŜǘŀōƻƭƛǎƳ ŀƴŘ ŎƘƭƻǊƻǇƘȅƭƭ 

ōƛƻǎȅƴǘƘŜǎƛǎΦ 
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!ŎƪƴƻǿƭŜŘƎŜƳŜƴǘǎ 

        L ǘƘŀƴƪ Ƴȅ ŎƻƭƭŜŀƎǳŜΣ WŀƳŜǎ 5Ƙŀƭƛǿŀƭ ǿƘƻ ǿƻǊƪŜŘ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ƳŜ ƻƴ ǘƘŜ ǇǊƻƧŜŎǘ ƻŦ ǘƘŜ 

wb! ƻȄƛŘŀƴǘ ŦǳƴŎǘƛƻƴ ƻŦ w./[ ŀƴŘ 5ǊΦ WŀƳŜǎ ¦ƴƛŀŎƪŜ ǿƘƻ ƛƴƛǘƛŀǘŜŘ ǘƘƛǎ ǇǊƻƧŜŎǘΦ L ŀƭǎƻ ǘƘŀƴƪ 5ǊΦ 

wŀŎƘƛŘ aŀȊǊƻǳƛ ŀƴŘ aǎΦ tŀǳƭƛƴŜ !ŘƧƛōŀŘŜ ŦƻǊ ǘƘŜƛǊ ŎƻƴǘǊƛōǳǘƛƻƴ ƻŦ ǊŜǎŜŀǊŎƘ ǿƻǊƪ ǿƛǘƘ 

ƳŀƳƳŀƭƛŀƴ ŎŜƭƭǎ ƛƴ ǘƘƛǎ ǇǊƻƧŜŎǘΦ  

        L ǘƘŀƴƪ 5ǊΦ {ǘŜǇƘŀƴ [ŜƳŀƛǊŜΣ 5ǊΦ /ƘǊƛǎǘƻǇƘŜ aŀǊŎƘŀƴŘ ŀƴŘ aǎΦ !ŘŜƭƛƴŜ aŀǳǊƛŜǎ ŦƻǊ ǘƘŜƛǊ 

ŎƻƭƭŀōƻǊŀǘƛƻƴ ƛƴ ǘƘŜ Ƴŀǎǎ ǎǇŜŎǘǊƻƳŜǘǊȅ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜΦ L ŀƭǎƻ ǘƘŀƴƪ {ƛƳƻƴ 

!ǊǊŀƎŀƛƴ ǿƘƻ ǇŀǊǘƛŎƛǇŀǘŜŘ ƛƴ ƻǇǘƛƳƛȊƛƴƎ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ŎƻƴŘƛǘƛƻƴǎ ŦƻǊ ǘƘƛǎ ǇǊƻƧŜŎǘΦ 

       L ǘƘŀƴƪ aŀǊŎ /ƘŀƳǇŀƴƎŜ ƛƴ /ŜƴǘǊŜ ŦƻǊ {ǘǊǳŎǘǳǊŀƭ ŀƴŘ CǳƴŎǘƛƻƴŀƭ DŜƴƻƳƛŎǎ ŦƻǊ ǘƘŜƛǊ ƘŜƭǇ 

ŀƴŘ ǘŜŎƘƴƛŎŀƭ ŀŘǾƛŎŜ 

       L ǘƘŀƴƪ ŀƭƭ ǘƘŜ ƳŜƳōŜǊǎ ƻŦ 5ǊΦ ½ŜǊƎŜǎ ƭŀōΣ Ǉŀǎǘ ŀƴŘ ǇǊŜǎŜƴǘΣ ¸ƛ {ǳƴΣ aŜƭƛǎǎŀ ±ŀƭŜƴǘŜΣ 

aŜƘǊƴŀȊ WŀƳŀŀǘΣ aŀǊŎƻ {ŎƘƻǘǘƪƻǿǎƪƛ ŀƴŘ aŀǘǘƘŜǿ tŜǘŜǊǎΦ 

       L ǘƘŀƴƪ 5ǊΦ !ƭƛǎŀ tƛŜƪƴȅ ŀƴŘ 5ǊΦ [ǳŎ ±ŀǊƛƴ ŦƻǊ ǘƘŜƛǊ ƘŜƭǇŦǳƭ ŎƻƳƳŜƴǘǎ ŀƴŘ ŀŘǾƛŎŜ ŀǎ Ƴȅ 

ŎƻƳƳƛǘǘŜŜ ƳŜƳōŜǊǎΦ L ǎǇŜŎƛŀƭƭȅ ǘƘŀƴƪ Ƴȅ ǎǳǇŜǊǾƛǎƻǊ 5ǊΦ ²ƛƭƭƛŀƳ ½ŜǊƎŜǎ ŦƻǊ Ƙƛǎ ƎǳƛŘŀƴŎŜ ŀƴŘ 

ƘŜƭǇ ǘƘǊƻǳƎƘƻǳǘ Ƴȅ ŜƴǘƛǊŜ tƘΦ5Φ ǎǘǳŘƛŜǎΦ 
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¢ŀōƭŜ ƻŦ /ƻƴǘŜƴǘǎ 
[ƛǎǘ ƻŦ CƛƎǳǊŜǎ Ȅƛ 

[ƛǎǘ ƻŦ ¢ŀōƭŜǎ Ȅƛƛƛ 

[ƛǎǘ ƻŦ !ōōǊŜǾƛŀǘƛƻƴǎ ȄƛǾ 

  

м DŜƴŜǊŀƭ LƴǘǊƻŘǳŎǘƛƻƴ м 

мΦм /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛ ŀǎ ŀ ƳƻŘŜƭ ƻǊƎŀƴƛǎƳ м 

 мΦмΦм /Φ ǊŜƛƴƘŀǊŘǘƛƛ ƛǎ ǳǎŜŘ ƛƴ ƳƻƭŜŎǳƭŀǊ ŀƴŘ ŎŜƭƭǳƭŀǊ ōƛƻƭƻƎȅ м 

 мΦмΦн /ƘƭƻǊƻǇƭŀǎǘ м 

 мΦмΦо tȅǊŜƴƻƛŘ о 

 мΦмΦп wǳōƛǎŎƻ ŀƴŘ w./[ р 

мΦн /ŀǊōƻƴ /ƻƴŎŜƴǘǊŀǘƛƴƎ aŜŎƘŀƴƛǎƳ ό//aύ с 

 мΦнΦм /Ŝƭƭ ǎǳǊŦŀŎŜ ŀƴŘ ǇƭŀǎƳŀ ƳŜƳōǊŀƴŜ т 

 мΦнΦн /ȅǘƻǎƻƭ ŀƴŘ ŎƘƭƻǊƻǇƭŀǎǘ ŜƴǾŜƭƻǇŜ т 

 мΦнΦо /ƘƭƻǊƻǇƭŀǎǘ ǎǘǊƻƳŀ у 

 мΦнΦп tȅǊŜƴƻƛŘ у 

 
 

мΦнΦр //a ƳƻŘŜƭ ф 

 мΦнΦс wŜƎǳƭŀǘƛƻƴ ƻŦ //a мм 

 мΦнΦт ²Ƙŀǘ ŜƭǎŜ ƘŀǇǇŜƴǎ ǳƴŘŜǊ ƭƻǿ /hн ŎƻƴŘƛǘƛƻƴǎΚ мм 

мΦо 
 

/ƘƭƻǊƻǇƘȅƭƭ ōƛƻǎȅƴǘƘŜǎƛǎ мм 

 мΦоΦм /ƘŜƭŀǘƛƻƴ ƻŦ aƎнҌ мп 

 мΦоΦн aŜǘƘȅƭŀǘƛƻƴ ƻŦ ǘƘŜ ŎŀǊōƻȄȅƭ ƎǊƻǳǇ ƻŦ aƎ-ǇǊƻǘƻǇƻǊǇƘȅǊƛƴ L· мп 

 
 

мΦоΦо CƻǊƳŀǘƛƻƴ ƻŦ ǘƘŜ ƛǎƻŎȅŎƭƛŎ ǊƛƴƎ мп 

 мΦоΦп wŜŘǳŎǘƛƻƴ ƻŦ ǘƘŜ у-Ǿƛƴȅƭ ƎǊƻǳǇ мр 



vii 

 мΦоΦр wŜŘǳŎǘƛƻƴ ƻŦ ǇȅǊǊƻƭŜ ǊƛƴƎ 5 ƻŦ ǇǊƻǘƻŎƘƭƻǊƻǇƘȅƭƛŘŜ мр 

  мύ ƭƛƎƘǘ ŘŜǇŜƴŘŜƴǘ ǊŜŀŎǘƛƻƴ мр 

  нύ ƭƛƎƘǘ ƛƴŘŜǇŜƴŘŜƴǘ ǊŜŀŎǘƛƻƴ мс 

 мΦоΦс tƘȅǘȅƭŀǘƛƻƴ мт 

 мΦоΦт .ƛƻǎȅƴǘƘŜǎƛǎ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ō мт 

мΦп 
 

¢ƻƻƭǎ ŀƴŘ ǘŜŎƘƴƛǉǳŜǎ ŀǾŀƛƭŀōƭŜ ŦƻǊ /Φ ǊŜƛƴƘŀǊŘǘƛƛ ǊŜǎŜŀǊŎƘ му 

мΦр /Φ ǊŜƛƴƘŀǊŘǘƛƛ ŀǎ ŀ ƳƻŘŜƭ ƻǊƎŀƴƛǎƳ ŦƻǊ ǎǘǳŘȅƛƴƎ ǎǘǊŜǎǎ ǊŜǎǇƻƴǎŜǎ мф 

мΦс wŜŀŎǘƛǾŜ ƻȄȅƎŜƴ ǎǇŜŎƛŜǎ όwh{ύΣ wb! ƻȄƛŘŀǘƛƻƴΣ ŀƴŘ wbtǎ мф 

 мΦсΦм wh{ ŀƴŘ wb! ƻȄƛŘŀǘƛƻƴ мф 

 мΦсΦн /ȅǘƻǇƭŀǎƳƛŎ Ƴwbtǎ но 

 мΦсΦо {ǘǊŜǎǎ ƎǊŀƴǳƭŜǎ ŀƴŘ tǊƻŎŜǎǎƛƴƎ ōƻŘƛŜǎ нп 

 мΦсΦп /ƘƭƻǊƻǇƭŀǎǘ ǎǘǊŜǎǎ ƎǊŀƴǳƭŜǎ όŎǇ{Dǎύ нр 

н w./[ ƳƛǘƛƎŀǘŜǎ wb! ƻȄƛŘŀǘƛƻƴ ƛƴ /Φ ǊŜƛƴƘŀǊŘǘƛƛ нт 

нΦм LƴǘǊƻŘǳŎǘƛƻƴ нт 

нΦн aŀǘŜǊƛŀƭǎ ŀƴŘ aŜǘƘƻŘǎ нф 

нΦо  wŜǎǳƭǘǎ оп 

 нΦоΦм w./[ ƛǎ ǊŜǉǳƛǊŜŘ ŦƻǊ ǘƻƭŜǊŀƴŎŜ ǘƻ Iнhн оп 

 нΦоΦн w./[ ƛǎ ŀƴ wb! ŀƴǘƛƻȄƛŘŀƴǘ от 

 нΦоΦо w./[ ƳƛǘƛƎŀǘŜ wb! ƻȄƛŘŀǘƛƻƴ ǳƴŘŜǊ ǾŀǊƛƻǳǎ ǎǘǊŜǎǎŜǎ ƻǘƘŜǊ ǘƘŀƴ Iнhн-ƛƴŘǳŎŜŘ 

ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎ 

оф 

 нΦоΦп CƻǊƳŀǘƛƻƴ ƻŦ ŎǇ{Dǎ ƛǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ƭŜǾŜƭ ƻŦ wb! ƻȄƛŘŀǘƛƻƴ пн 

 нΦоΦр 5ǳǊƛƴƎ ǎǳŎǊƻǎŜ ŘŜƴǎƛǘȅ ƎǊŀŘƛŜƴǘ ǳƭǘǊŀŎŜƴǘǊƛŦǳƎŀǘƛƻƴΣ ƻȄƛŘƛȊŜŘ wb! Ŏƻ- пр 



viii 

ƳƛƎǊŀǘŜŘ ǿƛǘƘ w./[ ŀƴŘ ǊƛōƻǎƻƳŜǎκƳƻƴƻǎƻƳŜǎΣ ōǳǘ ƴƻǘ ǿƛǘƘ ǇƻƭȅǎƻƳŜǎ 

 нΦоΦс hȄƛŘƛȊŜŘ wb! ƭƻŎŀƭƛȊŜǎ ǘƻ ǘƘŜ ǇȅǊŜƴƻƛŘΤ ǘƘŜ ƳŀƧƻǊ ƛƴǘǊŀŎŜƭƭǳƭŀǊ ƭƻŎŀǘƛƻƴ ƻŦ 

w./[ 

пу 

 нΦоΦт ŎǇ{Dǎ ǿŜǊŜ ƴƻǘ ŘŜǘŜŎǘŜŘ ƛƴ ɲw./{ рн 
 

 нΦоΦу !ƴ w./[ ŎƻƳǇƭŜȄ ƳƛƎƘǘ ōŜ ǘƘŜ ŦƻǊƳ ǘƘŀǘ ŎŀǊǊƛŜǎ ƻǳǘ ǘƘŜ ƳƻƻƴƭƛƎƘǘƛƴƎ 

ŦǳƴŎǘƛƻƴ ƻŦ w./[ ƛƴ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴ ŀƴŘ ɲw./{Φ 

рп 

  мύ w./[ ǿŀǎ ŘŜǘŜŎǘŜŘ ƛƴ ŀ ŎƻƳǇƭŜȄ ƛƴ ɲw./{ ŀƴŘ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴ ǿƛǘƘ ƴƻƴ-

ŘŜƴŀǘǳǊƛƴƎ ƎŜƭ ŀƴŀƭȅǎƛǎΦ 

рр 

  нύ {ƛȊŜ ŜȄŎƭǳǎƛƻƴ ŎƘǊƻƳŀǘƻƎǊŀǇƘȅ ŀƭǎƻ ǊŜǾŜŀƭŜŘ ǘƘƛǎ w./[ ŎƻƳǇƭŜȄ ƛƴ ɲw./{Φ ру 

нΦп 5ƛǎŎǳǎǎƛƻƴ см 

 нΦпΦм w./[ Ƙŀǎ ŀ άƳƻƻƴƭƛƎƘǘƛƴƎέ wb! ŀƴǘƛƻȄƛŘŀƴǘ ŦǳƴŎǘƛƻƴ см 

 нΦпΦн w./[ ŎŀǊǊƛŜǎ ƻǳǘ ǘƘŜ  άƳƻƻƴƭƛƎƘǘƛƴƎέ ŦǳƴŎǘƛƻƴ ǳƴŘŜǊ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŎƻƴŘƛǘƛƻƴǎ см 

 нΦпΦо ¢ƘŜ ŎƻƳǇŀǊǘƳŜƴǘŀƭƛȊŀǘƛƻƴ ƻŦ у-ƻȄƻD ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘ Ƴŀȅ ƻǇŜƴ ƴŜǿ ŀǾŜƴǳŜǎ 

ǘƻ wb! ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭ 

сн 

 нΦпΦп Iƻǿ w./[ ƳƛǘƛƎŀǘŜǎ wb! ƻȄƛŘŀǘƛƻƴ ǊŜƳŀƛƴǎ ǘƻ ōŜ ŘŜǘŜǊƳƛƴŜŘ со 

 нΦпΦр ²Ƙŀǘ ŀǊŜ ǘƘŜ ǇƻǎǎƛōƭŜ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘƛǎ w./[ ŎƻƳǇƭŜȄΚ сп 

о ! ǇŀǊǘƛŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜ ǊŜǾŜŀƭǎ ƴŜǿ ŦǳƴŎǘƛƻƴǎ ƻŦ ǘƘƛǎ 

ƳƛŎǊƻ-ŎƻƳǇŀǊǘƳŜƴǘ ƻŦ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ 

ст 

оΦм LƴǘǊƻŘǳŎǘƛƻƴ ст 

оΦн aŀǘŜǊƛŀƭǎ ŀƴŘ aŜǘƘƻŘǎ тм 

оΦо wŜǎǳƭǘǎ тф 

 оΦоΦм tȅǊŜƴƻƛŘǎ ŦǊƻƳ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ŎŜƭƭǎ ƘŀŘ w./[ ŀƴŘ w./{ ŀǎ ǘǿƻ ƳŀƧƻǊ ǇǊƻǘŜƛƴǎ тф 



ix 

 оΦоΦн /ƘƭƻǊƻǇƭŀǎǘǎ ƛǎƻƭŀǘƛƻƴ ƛƴŎǊŜŀǎŜǎ ǘƘŜ ǇǳǊƛǘȅ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘǎ ƛǎƻƭŀǘƛƻƴ ур 

 оΦоΦо !ƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭ ŀƴƴƻǘŀǘƛƻƴ ƻŦ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜ ǊŜǾŜŀƭŜŘ ǇƻǎǎƛōƭŜ 

ŦǳƴŎǘƛƻƴǎ ƻŦ ǇȅǊŜƴƻƛŘ 

ут 

  мύ  /ƘƭƻǊƻǇƭŀǎǘ ƛǎƻƭŀǘƛƻƴ ŀƴŘ ǎǳōǘǊŀŎǘƛƻƴ ǿƛǘƘ ǘǿƻ ǇȅǊŜƴƻƛŘ-ŘŜŦƛŎƛŜƴǘ Ƴǳǘŀƴǘǎ 

ƛƳǇǊƻǾŜŘ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜ 

ут 

  нύ  CǳƴŎǘƛƻƴŀƭ ŀƴƴƻǘŀǘƛƻƴ ƻŦ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳƛŎ ǊŜǎǳƭǘ уф 

оΦп 5ƛǎŎǳǎǎƛƻƴ фф 

 оΦпΦм Iƻǿ ƳƛƎƘǘ ŦǳǘǳǊŜ ǿƻǊƪ ŜƴƘŀƴŎŜ ǇǳǊƛǘȅ ƻŦ ǘƘŜ ƛǎƻƭŀǘŜŘ ǇȅǊŜƴƻƛŘǎΚ фф 

 оΦпΦн ¢ƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǎǘǊƻƳŀ ǇǊƻǘŜƛƴǎ ǿŜǊŜ ƴƻǘ ŦƻǳƴŘ ƛƴ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜ млл 

 оΦпΦо CǳƴŎǘƛƻƴ ƻŦ ǇȅǊŜƴƻƛŘ ƛƴ ƻȄƛŘƛȊŜŘ wb! ƳŜǘŀōƻƭƛǎƳΦ млл 

п bŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭ ƛǎ ƭƻŎŀƭƛȊŜŘ ŀǘ ǘƘŜ ǇŜǊƛƳŜǘŜǊ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ ŀƴŘ ŀǘ 

ǘƘŜ ŜƴŘǎ ƻŦ ƭƻōŜǎ 

млн 

пΦм  LƴǘǊƻŘǳŎǘƛƻƴ млн 

пΦн aŀǘŜǊƛŀƭǎ ŀƴŘ aŜǘƘƻŘǎ млр 

пΦо wŜǎǳƭǘǎ млт 

 пΦоΦм /ƘƭƻǊƻǇƘȅƭƭ ŦƭǳƻǊŜǎŎŜƴŎŜ ƛƴ ǘƘŜ ȅ-м Ƴǳǘŀƴǘ ǿŀǎ ŘŜǘŜŎǘŜŘ ŀǊƻǳƴŘ ǘƘŜ 

ǇŜǊƛǇƘŜǊȅ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ ŀƴŘ ƛƴ ǘƘŜ ŜƴŘ ǊŜƎƛƻƴǎ ƻŦ ǘƘŜ ƭƻōŜǎ 

млт 

 пΦоΦн ¢ƘŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ǎƛƎƴŀƭ ŀǘ ǘƘŜ ǇŜǊƛƳŜǘŜǊ ƻŦ ǇȅǊŜƴƻƛŘ ŀƴŘ ǘƛǇ ƻŦ 

ƭƻōŜǎ ǿŀǎ ƴƻǘ ŘǳŜ ǘƻ ǘƘŜ ŀōƴƻǊƳŀƭ ǎƘŀǇŜ ƻŦ ŎƘƭƻǊƻǇƭŀǎǘ ƛƴ ȅ-м 

ммл 

 пΦоΦо LƳƳǳƴƻŦƭƻǳǊŜǎŎŜƴŎŜ ƳƛŎǊƻǎŎƻǇȅ ǊŜǾŜŀƭǎ [5-thw ƛƴ ǎƛǘǳ ŀǘ ƭƻōŜ ƧǳƴŎǘƛƻƴǎ ŀƴŘ 

ƛƴ ŀ ǊƛƴƎ-ƭƛƪŜ ǇŀǘǘŜǊƴ ƛƴ ǿƛƭŘ-ǘȅǇŜ ŎŜƭƭǎ 

ммн 

пΦп 5ƛǎŎǳǎǎƛƻƴ ммп 



x 

 пΦпΦм bŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭ ǎƛƎƴŀƭ ŀǘ ǘƘŜ ǇŜǊƛǇƘŜǊȅ ƻŦ ǇȅǊŜƴƻƛŘ ŀƴŘ ŀǘ ǘƘŜ 

ŜƴŘǎ ƻŦ ƭƻōŜǎ ŎƻǳƭŘ ōŜ ŎƻƴŦƛǊƳŜŘ ōȅ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎ ƛƴƘƛōƛǘƻǊ 

ммр 

 пΦпΦн /ƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎ Ǿǎ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜ ōƛƻƎŜƴŜǎƛǎ ммр 

 пΦпΦо [5-thw ƭƻŎŀƭƛȊŜŘ ŀǘ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ǇǊƻǘŜƛƴ ƛƳǇƻǊǘ ƳŀŎƘƛƴŜǊȅ ŎƻǳƭŘ ōŜ 

ōŜƴŜŦƛŎƛŀƭ ŦƻǊ ǘƘŜ ǇƘƻǘƻǎȅǎǘŜƳ ŎƻƳǇƭŜȄ ŀǎǎŜƳōƭȅ 

мму 

 пΦпΦп /ƻǳƭŘ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭ ƭƻŎŀƭƛȊŜ ŘƛŦŦŜǊŜƴǘƭȅ ŦǊƻƳ ǘƘŜ ŜƴȊȅƳŜǎ ƛƴ 

ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎΚ 

мму 

р .ƛōƭƛƻƎǊŀǇƘȅ мнл 
 

с !ǇǇŜƴŘƛȄ LΥ {ǳǇǇƭŜƳŜƴǘŀƭ CƛƎǳǊŜǎ мот 

 !ǇǇŜƴŘƛȄ LLΥ [ƻŎŀƭƛȊŜŘ ƻȄƛŘƛȊŜŘ wb! όaŀƴǳǎŎǊƛǇǘύ мпо 

     !ǇǇŜƴŘƛȄ LLLΥ .ƛƻƎŜƴƛŎ ƳŜƳōǊŀƴŜǎ ƻŦ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ƛƴ /Φ ǊŜƛƴƘŀǊŘǘƛƛ 

 

мтс 

    

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 

 



xi 

[ƛǎǘ ƻŦ CƛƎǳǊŜǎ 
 

CƛƎǳǊŜ мΦм ¢ƘŜ //a ƳƻŘŜƭ ƛƴǾƻƭǾƛƴƎ ǇȅǊŜƴƻƛŘ ƻŦ /Φ ǊŜƛƴƘŀǊŘǘƛƛ мл 

CƛƎǳǊŜ мΦн /ƘƭƻǊƻǇƘȅƭƭ ōƛƻǎȅƴǘƘŜǎƛǎ  мо 

CƛƎǳǊŜ нΦм w./[ ŦǳƴŎǘƛƻƴǎ ƛƴ Iнhн ǘƻƭŜǊŀƴŎŜ ос 

CƛƎǳǊŜ нΦн w./[ ŎƻƴǘǊƻƭǎ ǘƘŜ ƭŜǾŜƭ ƻŦ ƻȄƛŘƛȊŜŘ wb!Σ ōǳǘ ƴƻǘ ǘƘŜ ƭŜǾŜƭ ƻŦ ƻȄƛŘƛȊŜŘ 
5b! 

оу 

CƛƎǳǊŜ нΦо у-ƻȄƻD wb! ǿŀǎ ŘŜǘŜŎǘŜŘ ǳƴŘŜǊ ǾŀǊƛƻǳǎ ǎǘǊŜǎǎŜǎ ŎƻƴŘƛǘƛƻƴǎ пм 

CƛƎǳǊŜ нΦп ¢ƘŜ ŀǎǎŜƳōƭȅ ŀƴŘ ŘƛǎŀǎǎŜƳōƭȅ ƻŦ ŎǇ{Dǎ ŜŦŦŜŎǘŜŘ ǘƘŜ у-ƻȄƻD wb! ƭŜǾŜƭ пп 

CƛƎǳǊŜ нΦр у-ƻȄƻD wb! ŀƴŘ w./[ ŘƛŘ ƴƻǘ Ŏƻ-ǎŜŘƛƳŜƴǘ ǿƛǘƘ ǇƻƭȅǎƻƳŜǎ ƻƴ ǘƘŜ 
ǎǳŎǊƻǎŜ ƎǊŀŘƛŜƴǘ 
 

пт 

CƛƎǳǊŜ нΦс ¢ƘŜ ƛƴ ǎƛǘǳ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ у-ƻȄƻD wb! ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ пф 

CƛƎǳǊŜ нΦт 5ŜǘŜŎǘƛƻƴ ƻŦ ŎǇ{Dǎ ƛƴ ɲw./{ ро 
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/ƘŀǇǘŜǊ мΥ DŜƴŜǊŀƭ LƴǘǊƻŘǳŎǘƛƻƴ 

мΦ м /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛ ŀǎ ŀ ƳƻŘŜƭ ƻǊƎŀƴƛǎƳΦ 

мΦмΦм /Φ ǊŜƛƴƘŀǊŘǘƛƛ ƛǎ ŀ ƳƻŘŜƭ ƻǊƎŀƴƛǎƳ ƛƴ ƳƻƭŜŎǳƭŀǊ ŀƴŘ ŎŜƭƭǳƭŀǊ ōƛƻƭƻƎȅ 

         /Φ ǊŜƛƴƘŀǊŘǘƛƛ ƛǎ ŀ ǳƴƛŎŜƭƭǳƭŀǊ ŜǳƪŀǊȅƻǘƛŎ ƎǊŜŜƴ ŀƭƎŀ ǘƘŀǘ ƛǎ ǿƛŘŜƭȅ ǳǎŜŘ ŀǎ ŀ ƳƻŘŜƭ ƻǊƎŀƴƛǎƳ 

ƛƴ ǊŜǎŜŀǊŎƘ ƻŦ Ƴŀƴȅ ŎŜƭƭ ōƛƻƭƻƎƛŎŀƭ ǇǊƻŎŜǎǎŜǎΤ ŎƘƭƻǊƻǇƭŀǎǘ ōƛƻƎŜƴŜǎƛǎΣ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎΣ ŦƭŀƎŜƭƭŀ-

ōŀǎŜŘ ƳƻǘƛƭƛǘȅΣ ŦƭŀƎŜƭƭŀ ōƛƻƎŜƴŜǎƛǎΣ ƻǊƎŀƴŜƭƭŜ ƎŜƴŜǘƛŎǎ ŀƴŘ ƴƻƴ-aŜƴŘŜƭƛŀƴ ƛƴƘŜǊƛǘŀƴŎŜ ώмϐΦ /Φ 

ǊŜƛƴƘŀǊŘǘƛƛ ǿŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ мууу ōȅ 5ŀƴƎŜŀǊŘ ŀƴŘ Ƙŀǎ ōŜŜƴ ǳǎŜŘ ŀǎ ƳƻŘŜƭ ƻǊƎŀƴƛǎƳ ŦƻǊ ǎǘǳŘƛŜǎ 

ƻŦ ŎƘƭƻǊƻǇƭŀǎǘ ōƛƻƭƻƎȅ ǎƛƴŎŜ ǘƘŜ мфрлǎ ǿƘŜƴ wǳǘƘ {ŀƎŜǊ ŘƛǎŎƻǾŜǊŜŘ ǘƘŜ ƴƻƴ-aŜƴŘŀƭƛŀƴ ƻǊ 

άŎȅǘƻǇƭŀǎƳƛŎέ ƛƴƘŜǊƛǘŀƴŎŜ ƻŦ ǘǊŀƛǘǎ ǘƘŀǘ ǿŜǊŜ ƭŀǘŜǊ ǎƘƻǿƴ ǘƻ ōŜ ǘǊŀƴǎƳƛǘǘŜŘ ǿƛǘƘ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ 

ƎŜƴƻƳŜ ώнΣ оϐΦ  

/Φ ǊŜƛƴƘŀǊŘǘƛƛ ŎŜƭƭǎ ƘŀǾŜ ŀ ƘƛƎƘƭȅ ǎǘŜǊŜƻǘȅǇƛŎŀƭ ƛƴǘǊŀŎŜƭƭǳƭŀǊ ƻǊƎŀƴƛȊŀǘƛƻƴ ƻŦ ǘƘŜƛǊ ƴǳŎƭŜǳǎ ŀƴŘ 

ƻǊƎŀƴŜƭƭŜǎΦ 9ŀŎƘ ŎŜƭƭ Ŏƻƴǘŀƛƴǎ ŀ ŎŜƴǘǊŀƭ ǊŜƎƛƻƴ ǿƛǘƘ ǘƘŜ ƴǳŎƭŜǳǎΣ ŎȅǘƻǇƭŀǎƳΣ ŜƴŘƻǇƭŀǎƳƛŎ 

ǊŜǘƛŎǳƭǳƳ ŀƴŘ ǘƘŜ DƻƭƎƛ ŀǇǇŀǊŀǘǳǎΦ ¢ǿƻ ŦƭŀƎŜƭƭŀ ŀǊŜ ƻǊƎŀƴƛȊŜŘ ōȅ ōŀǎŀƭ ōƻŘƛŜǎ ŀǘ ǘƘŜ ŀǇƛŎŀƭ ŎŜƭƭ 

ǇƻƭŜΦ 9ŀŎƘ ŎŜƭƭ ƴƻǊƳŀƭƭȅ Ƙŀǎ ƻƴŜ ǘƻ ƳƻǊŜ ŎƻƴǘǊŀŎǘƛƭŜ ǾŀŎǳƻƭŜǎ ŦƻǊ ƻǎƳƻǊŜƎǳƭŀǘƛƻƴ ώпΣ рϐΦ ¢ƘŜ 

ǎƛƴƎƭŜ ŎƘƭƻǊƻǇƭŀǎǘ Ƙŀǎ ŀ ƭŀǊƎŜ ƎƭƻōǳƭŀǊ ǊŜƎƛƻƴ ƛƴ ǘƘŜ ōŀǎŀƭ όǇƻǎǘŜǊƛƻǊύ ǊŜƎƛƻƴ ƻŦ ǘƘŜ ŎŜƭƭΣ ŦǊƻƳ 

ǿƘƛŎƘ ƭƻōŜǎ ŜƳŜǊƎŜ ǘƻ ǎǳǊǊƻǳƴŘ ǘƘŜ ŎŜƴǘǊŀƭ ƴǳŎƭŜŀǊ-ŎȅǘƻǎƻƭƛŎ ǊŜƎƛƻƴΦ ¢ƘŜǎŜ ƭƻōŜǎ Ŏŀƴ ōŜ 

ƛƴǘŜǊŎƻƴƴŜŎǘŜŘΣ ƳŀƪƛƴƎ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ǊŜǎŜƳōƭŜ ŀ ōŀǎƪŜǘΦ aƛǘƻŎƘƻƴŘǊƛŀ ŀǊŜ ǇǊŜǎŜƴǘ 

ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ Ŏȅǘƻǎƻƭ ŀƴŘ ŀƭǎƻ ŀǘ ƛǘǎ ǇŜǊƛǇƘŜǊȅΣ ōŜǘǿŜŜƴ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ŀƴŘ ǇƭŀǎƳŀ 

ƳŜƳōǊŀƴŜ ώсϐΦ ¢ƘŜ ŎŜƭƭ ƛǎ ŜƴŎƭƻǎŜŘ ōȅ ŀ ŎŜƭƭ ǿŀƭƭΣ ǿƘƛŎƘ ƛǎ ŎƻƴǎǘƛǘǳǘŜŘ ōȅ ƘȅŘǊƻȄȅǇǊƻƭƛƴŜ-ǊƛŎƘ 

ƎƭȅŎƻǇǊƻǘŜƛƴǎ ώтϐΦ 

мΦмΦн /ƘƭƻǊƻǇƭŀǎǘǎ  

    /ƘƭƻǊƻǇƭŀǎǘǎ ŀǊŜ ǘƘŜ ƻǊƎŀƴŜƭƭŜǎ ǿƘƛŎƘ ŎŀǊǊȅ ƻǳǘ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎΣ ǎȅƴǘƘŜǎƛǎ ƻŦ ŀƳƛƴƻ ŀŎƛŘǎΣ 
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ƭƛǇƛŘǎ ŀƴŘ ǇƛƎƳŜƴǘǎΣ ŀƴŘ ǘƘŜ ŀǎǎƛƳƛƭŀǘƛƻƴ ƻŦ ǎǳƭŦǳǊΣ ƴƛǘǊƻƎŜƴ ŀƴŘ ǇƘƻǎǇƘƻǊǳǎ ώуϐΦ ¢ƘŜ ŎƘƭƻǊƻǇƭŀǎǘ 

ƛǎ ǎǳǊǊƻǳƴŘŜŘ ōȅ ŀƴ ŜƴǾŜƭƻǇŜΣ ǿƘƛŎƘ ƛǎ ŎƻƳǇƻǎŜŘ ƻŦ ƻǳǘŜǊ ŀƴŘ ƛƴƴŜǊ ƳŜƳōǊŀƴŜǎΦ ²ƛǘƘƛƴ ǘƘŜ 

ŎƘƭƻǊƻǇƭŀǎǘΣ ŀ ƴŜǘǿƻǊƪ ƻŦ ƳŜƳōǊŀƴƻǳǎ ǾŜǎƛŎƭŜǎΣ ŎŀƭƭŜŘ ǘƘȅƭŀƪƻƛŘǎΣ ŎŀǊǊȅ ƻǳǘ ǘƘŜ ƭƛƎƘǘ-ŘŜǇŜƴŘŜƴǘ 

ǊŜŀŎǘƛƻƴǎ ƻŦ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ŀƴŘ !¢t ǎȅƴǘƘŜǎƛǎΦ ¢ƘŜ ŀǉǳŜƻǳǎ-ǇǊƻǘŜƛƴŀŎŜƻǳǎ ǎǘǊƻƳŀ Ŏƻƴǘŀƛƴǎ 

Ƴŀƴȅ ŜƴȊȅƳŜǎ ƛƴǾƻƭǾŜŘ ƛƴ ŘƛǾŜǊǎŜ ōƛƻŎƘŜƳƛŎŀƭ ǇŀǘƘǿŀȅǎΦ ¢ƘŜ ŎƘƭƻǊƻǇƭŀǎǘǎ ƻŦ Ƴƻǎǘ ŀƭƎŀŜ ŀƴŘ 

ǘƘŜ ƘƻǊƴǿƻǊǘǎ όŀ ƎǊƻǳǇ ƻŦ ŀǉǳŀǘƛŎ Ǉƭŀƴǘύ ƘŀǾŜ ŀ ƭŀǊƎŜ ǎǇƘŜǊƛŎŀƭ ǇȅǊŜƴƻƛŘ ǿƘƛŎƘ ŎŀǊǊƛŜǎ ƻǳǘ ǘƘŜ 

ŀǎǎƛƳƛƭŀǘƛƻƴ ƻŦ /hн ƛƴ ǘƘŜ /ŀƭǾƛƴ ŎȅŎƭŜ ŀƴŘΣ ǘƘŜǊŜŦƻǊŜΣ Ŏƻƴǘŀƛƴǎ Ƴƻǎǘ ƻŦ ǘƘŜ Ǉƻƻƭ ƻŦ Ribulose-1, 5-

bisphosphate carboxylase/oxygenase (wǳōƛǎŎƻύ ώфϐΦ  

¢ƘŜ ƭƛƎƘǘ-ŘǊƛǾŜƴ ǊŜŀŎǘƛƻƴǎ ƻŦ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ŀǊŜ ŎŀǊǊƛŜŘ ƻǳǘ ōȅ ǇƘƻǘƻǎȅǎǘŜƳ L ŀƴŘ 

ǇƘƻǘƻǎȅǎǘŜƳ LL όt{L ŀƴŘ t{LLύ ǿƛǘƘ ǘƘŜƛǊ ŀǎǎƻŎƛŀǘŜŘ ƭƛƎƘǘ-ƘŀǊǾŜǎǘƛƴƎ ŀƴǘŜƴƴŀ ŎƻƳǇƭŜȄŜǎΣ 

ŎƘƭƻǊƻǇƘȅƭƭ ŀ ŀƴŘ ō ŀƴŘ ŎŀǊƻǘŜƴƻƛŘǎΦ t{L ŀƴŘ t{LL ŀǊŜ ƛƴ ŀƴ ŜƭŜŎǘǊƻƴ ǘǊŀƴǎǇƻǊǘ ŎƘŀƛƴ ǿƛǘƘ ŀƴ 

ƛƴǘŜǊƳŜŘƛŀǊȅ ŎƻƳǇƭŜȄΣ ŎȅǘƻŎƘǊƻƳŜǎ ōсκŦΦ ¢Ƙƛǎ ǇƘƻǘƻǎȅƴǘƘŜǘƛŎ ŜƭŜŎǘǊƻƴ ǘǊŀƴǎǇƻǊǘ ŎƘŀƛƴ ƻȄƛŘƛȊŜǎ 

ǿŀǘŜǊ ǘƻ ǇǊƻǾƛŘŜ ŜƭŜŎǘǊƻƴǎ ŦƻǊ ǘƘŜ ǊŜŘǳŎǘƛƻƴ ƻŦ b!5tΣ ŀƴŘ ǘƘŜ ƎŜƴŜǊŀǘƛƻƴ ƻŦ ŀƴ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ 

ǇǊƻǘƻƴ ƎǊŀŘƛŜƴǘΣ ǿƘƛŎƘ ƛǎ ǳǎŜŘ ŦƻǊ ǘƘŜ ǎȅƴǘƘŜǎƛǎ ƻŦ !¢tΦ ¢ƘŜ [I/L όƭƛƎƘǘ ƘŀǊǾŜǎǘƛƴƎ ŎƻƳǇƭŜȄ Lύ 

ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ t{L ŀƴŘ [I/LL ŎƻƳǇƭŜȄ ǿƛǘƘ t{LL ŎƻƭƭŜŎǘ ƭƛƎƘǘ ŦƻǊ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ŀƴŘ ŘŜǘŜǊƳƛƴŜ 

Ƙƻǿ ƳǳŎƘ ƭƛƎƘǘ ŜƴŜǊƎȅ ƛǎ ǘǊŀƴǎŦŜǊǊŜŘ ǘƻ ǇƘƻǘƻǎȅǎǘŜƳǎ ώмлϐΦ  

 /Φ ǊŜƛƴƘŀǊŘǘƛƛ Ƙŀǎ ǘƘǊŜŜ ŘƛǎǘƛƴŎǘ ƎŜƴŜǘƛŎ ǎȅǎǘŜƳǎΥ ƛƴ ǘƘŜ ƴǳŎƭŜǳǎΣ ŎƘƭƻǊƻǇƭŀǎǘΣ ŀƴŘ ǘƘŜ 

ƳƛǘƻŎƘƻƴŘǊƛŀΦ ¢ƘŜ ƴǳŎƭŜŀǊ ƎŜƴƻƳŜ Ŏƻƴǘŀƛƴǎ мтΣтот ǇǊƻǘŜƛƴ-ŎƻŘƛƴƎ ƎŜƴŜǎ ŀƴŘ ƛǎ D/ ǊƛŎƘ όсп҈ύ 

ώммϐΦ LƴǘǊƻƴǎ ŀǊŜ ǇǊŜǎŜƴǘ ƛƴ Ƴƻǎǘ ƎŜƴŜǎ ώммΣ мнϐΦ ¢ƘŜ ƎŜƴƻƳŜ Ƙŀǎ ōŜŜƴ ǎŜǉǳŜƴŎŜŘ ŀƴŘ Ŧǳƭƭȅ 

ŀƴƴƻǘŀǘŜŘ ǇǊƻǾƛŘƛƴƎ ŀƴ ƛƴǾŀƭǳŀōƭŜ ǊŜǎƻǳǊŎŜ ώммϐΦ 

¢ƘŜ ŎƘƭƻǊƻǇƭŀǎǘ Ŏƻƴǘŀƛƴǎ ŀ ōŀŎǘŜǊƛŀƭ-ǘȅǇŜ ƎŜƴŜǘƛŎ ǎȅǎǘŜƳ ōŜŎŀǳǎŜ ǘƘƛǎ ƻǊƎŀƴŜƭƭŜ Ƙŀǎ ōŜŜƴ 

ŜǾƻƭǾŜŘ ŦǊƻƳ ŀƴ ŜƴŘƻǎȅƳōƛƻǘƛŎ ŎȅŀƴƻōŀŎǘŜǊƛǳƳ ώмоϐΦ /ƘƭƻǊƻǇƭŀǎǘǎ ŀƭǎƻ ƘŀǾŜ ǊŜǘŀƛƴŜŘ ǘƘŜ 



3 

ōŀŎǘŜǊƛŀƭ-ǘȅǇŜ ǘǊŀƴǎŎǊƛǇǘƛƻƴ ŀƴŘ ǘǊŀƴǎƭŀǘƛƻƴ ƳŀŎƘƛƴŜǊȅ ƻŦ ǘƘƛǎ ŜƴŘƻǎȅƳōƛƻƴǘ ώмп-мсϐΦ ¢ƘŜ 

ŎƘƭƻǊƻǇƭŀǎǘ ƎŜƴƻƳŜ ƛǎ нлоΣуну ōǇ ŀƴŘ ŜƴŎƻŘŜǎ фф ƎŜƴŜǎ όсп ǇǊƻǘŜƛƴ-ŎƻŘƛƴƎ ƎŜƴŜǎΣ нф ǘwb! 

ƎŜƴŜǎ ŀƴŘ с Ǌwb! ƎŜƴŜǎΦ Lǘ Ƙŀǎ ŀ ǇŀǊǘƛŎǳƭŀǊƭȅ ƭƻǿ D/ ŎƻƴǘŜƴǘ όор҈ύ ώмтϐΦ ¢ƘŜ ŎƘƭƻǊƻǇƭŀǎǘ 5b! ƛǎ 

ǇǊŜǎŜƴǘ ƛƴ ул-млл ŎƻǇƛŜǎ ǇŜǊ ŎƘƭƻǊƻǇƭŀǎǘ ŀƴŘ ƛǘ ƛǎ ǇŀŎƪŀƎŜŘ ƛƴ ƛǊǊŜƎǳƭŀǊ ǎƘŀǇŜ ōƻŘƛŜǎ ŎŀƭƭŜŘ 

ƴǳŎƭŜƻƛŘǎΣ ǿƘƛŎƘ Ŏŀƴ ōŜ ǎŜŜƴ ōȅ ŦƭǳƻǊŜǎŎŜƴŎŜ ƳƛŎǊƻǎŎƻǇȅ ώмуϐΦ ¢ƘŜǊŜ ŀǊŜ ŀōƻǳǘ мл ƴǳŎƭŜƻƛŘǎ ƛƴ 

ŜŀŎƘ /Φ ǊŜƛƴƘŀǊŘǘƛƛ ŎƘƭƻǊƻǇƭŀǎǘ ώмфϐΦ  

aƻǎǘ ƻŦ ŎƘƭƻǊƻǇƭŀǎǘ ǇǊƻǘŜƛƴǎ ŀǊŜ ŜƴŎƻŘŜŘ ōȅ ǘƘŜ ƴǳŎƭŜŀǊ ƎŜƴƻƳŜΣ ǎȅƴǘƘŜǎƛȊŜŘ ōȅ ул{ 

ŎȅǘƻǇƭŀǎƳƛŎ ǊƛōƻǎƻƳŜǎΣ ŀƴŘ ǘƘŜƴ ƛƳǇƻǊǘŜŘ ƛƴǘƻ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ώнлϐΦ ! ǎƳŀƭƭŜǊ ǎǳōǎŜǘ ƻŦ 

ŎƘƭƻǊƻǇƭŀǎǘ ǇǊƻǘŜƛƴǎ ŀǊŜ ŜƴŎƻŘŜŘ ōȅ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ƎŜƴƻƳŜ ŀƴŘ ǎȅƴǘƘŜǎƛȊŜŘ ǿƛǘƘƛƴ ǘƘŜ 

ƻǊƎŀƴŜƭƭŜ ōȅ ǘƘŜ тл{ ōŀŎǘŜǊƛŀƭ-ƭƛƪŜ ǊƛōƻǎƻƳŜǎ ώнмϐΦ aƻǊŜƻǾŜǊΣ ǎƻƳŜ ǇǊƻŘǳŎǘǎ ƻŦ ƴǳŎƭŜŀǊ ƎŜƴŜǎ 

Ŏŀƴ ŎƻƴǘǊƻƭ ǘƘŜ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ŎƘƭƻǊƻǇƭŀǎǘ ƎŜƴŜǎ ώннϐΦ  

мΦмΦо ¢ƘŜ ǇȅǊŜƴƻƛŘ  

¢ƘŜ ǇȅǊŜƴƻƛŘ ƛǎ ŀ ƴƻƴ-ƳŜƳōǊŀƴŜ ōƻǳƴŘ ǎǇƘŜǊƛŎŀƭ ōƻŘȅ ǿƛǘƘƛƴ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘǎ ƻŦ Ƴƻǎǘ 

ŀƭƎŀŜ ŀƴŘ ŀǉǳŀǘƛŎ ǇƭŀƴǘǎΣ ǘƘŜ ƘƻǊƴǿƻǊǘǎ ώноΣ нпϐΦ Lǘ ƛǎ ǎǳǊǊƻǳƴŘŜŘ ōȅ ǎǘŀǊŎƘ ǳƴŘŜǊ ƭƻǿ ώ/hнϐ 

ƎǊƻǿǘƘ ŎƻƴŘƛǘƛƻƴǎ ώнрϐΦ ¢ƘŜǊŜ ƛǎ ƻƴƭȅ ƻƴŜ ǇȅǊŜƴƻƛŘ ǇŜǊ ŎƘƭƻǊƻǇƭŀǎǘ ƛƴ Ƴƻǎǘ /ƘƭŀƳȅŘƻƳƻƴŀǎ 

ǎǇŜŎƛŜǎ ώнсϐΦ ¢ƘŜ ǇȅǊŜƴƻƛŘ ƛǎ ǘƘŜ ƳŀƧƻǊ ǊŜǎŜǊǾƻƛǊ ƻŦ Rubisco. ¢ƘŜ ǇȅǊŜƴƻƛŘ ƛǎ ōŜƭƛŜǾŜŘ ǘƻ ǇǊƻǾƛŘŜ 

ŀ ƭƻǿ ώhнϐκώ/hнϐ Ǌŀǘƛƻ ǘƻ ŦŀǾƻǊ ǘƘŜ ŎŀǊōƻȄȅƭŀǎŜ ŀŎǘƛǾƛǘȅ ƻŦ wǳōƛǎŎƻ ƛƴ ǘƘŜ /ŀƭǾƛƴ ŎȅŎƭŜ ƻǾŜǊ ƛǘǎ 

ƴƻƴ-ǇǊƻŘǳŎǘƛǾŜ ƻȄȅƎŜƴŀǎŜ ŀŎǘƛǾƛǘȅΦ ! ŎŀǊōƻƴ ŎƻƴŎŜƴǘǊŀǘƛƴƎ ƳŜŎƘŀƴƛǎƳ ό//aύ ƛƴǾƻƭǾƛƴƎ ǘƘŜ 

ǇȅǊŜƴƻƛŘ ƛǎ ǊŜǾƛŜǿŜŘ ōŜƭƻǿ ώнтϐΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ ǎŜǉǳŜǎǘǊŀǘƛƻƴ ƻŦ wǳōƛǎŎƻ ƛƴ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜŎǘǎ 

wǳōƛǎŎƻ ŦǊƻƳ ǘƘŜ hн ƎŜƴŜǊŀǘŜŘ ōȅ t{LL ƛƴ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ώнуϐΦ 

wǳōƛǎŎƻ ŀŎǘƛǾŀǎŜ Ƙŀǎ ŀƭǎƻ ōŜŜƴ ǎƘƻǿƴ ǘƻ ōŜ ƭƻŎŀƭƛȊŜŘ ǿƛǘƘƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘ ώнфϐΦ ¢ƘŜǊŜ ŀǊŜ ŀƭǎƻ 

ǎƻƳŜ ŜƴȊȅƳŜǎ ǘƘŀǘ ŀǇǇŜŀǊ ǘƻ ōŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ǇŜǊƛǇƘŜǊȅ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘΣ ƭƛƪŜ ƴƛǘǊŀǘŜ 
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ǊŜŘǳŎǘŀǎŜΣ ŦŜǊǊŜŘƻȄƛƴ-b!5tҌ ǊŜŘǳŎǘŀǎŜ ŀƴŘ ǇƘƻǎǇƘƻǊƛōǳƭƻƪƛƴŀǎŜ ώнфΣ олϐΦ ¢ƘŜ ƛƴǘŜƎǊƛǘȅ ƻŦ 

ǇȅǊŜƴƻƛŘ ƛǎ ŜǎǎŜƴǘƛŀƭ ŦƻǊ ǘƘŜ //a ǿƘƛƭŜ ǎƻƳŜ Ƴǳǘŀƴǘ ǎǘǊŀƛƴǎ ƭŀŎƪƛƴƎ wǳōƛǎŎƻ ŀƴŘ //a ŜƴȊȅƳŜǎ 

ŀƭǎƻ ƭŀŎƪ ŀ ǇȅǊŜƴƻƛŘ ώомΣ онϐΦ  

¢ƘŜ ŦƻǊƳŀǘƛƻƴ ƻŦ ǇȅǊŜƴƻƛŘ ƛƴ /Φ ǊŜƛƴƘŀǊŘǘƛƛ ǊŜǉǳƛǊŜǎ ǘƘŜ wǳōƛǎŎƻ ǎƳŀƭƭ ǎǳōǳƴƛǘ όw./{ύ ŀƴŘ 

ǎǇŜŎƛŦƛŎŀƭƭȅ ǘǿƻ ǎƻƭǾŜƴǘ-ŜȄǇƻǎŜŘ ŀƭǇƘŀ-ƘŜƭƛŎŜǎ ǘƘŜǊŜƻŦ ώооϐΦ {ƛƴŎŜ ǘƘŜ ŀƳƛƴƻ ŀŎƛŘ ŎƻƳǇƻǎƛǘƛƻƴ ƻŦ 

ŀƭƎŀŜ w./{ ƛǎ ƳƻǊŜ ƘȅŘǊƻǇƘƻōƛŎ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ƘƛƎƘŜǊ Ǉƭŀƴǘ w./{Σ ǇŀŎƪŀƎƛƴƎ wǳōƛǎŎƻ ƛƴ 

ǇȅǊŜƴƻƛŘ Ƴŀȅ ōŜ ŀ ǎǇƻƴǘŀƴŜƻǳǎ ŀƎƎǊŜƎŀǘƛƻƴ ƻŦ wǳōƛǎŎƻ ōȅ ƘȅŘǊƻǇƘƻōƛŎ ƛƴǘŜǊŀŎǘƛƻƴǎ ώооϐΦ  

!ƭǘƘƻǳƎƘ ǘƘŜǊŜ ƛǎ ƴƻ ƳŜƳōǊŀƴŜ ǎǳǊǊƻǳƴŘƛƴƎ ǘƘŜ ǇȅǊŜƴƻƛŘΣ ŀ ǘƘǊŜŜ-ŘƛƳŜƴǎƛƻƴŀƭ 

ǊŜŎƻƴǎǘǊǳŎǘƛƻƴ ǎƘƻǿǎ ǘƘȅƭŀƪƻƛŘ ǘǳōǳƭŜǎ ŜȄǘŜƴŘƛƴƎ ǘƘǊƻǳƎƘ ǿƛƴŘƻǿǎ ōŜǘǿŜŜƴ ǎǘŀǊŎƘ ǇƭŀǘŜǎ ŀƴŘ 

ƛƴǘƻ ǘƘŜ ǇȅǊŜƴƻƛŘ ƳŀǘǊƛȄ ǿƘŜǊŜ ǘƘŜȅ ƛƴǘŜǊŎƻƴƴŜŎǘ ǘƻ ŦƻǊƳ ŀ ƴŜǘǿƻǊƪ ώопϐΦ wŜŎŜƴǘƭȅΣ Ƴƛƴƛ-ǘǳōǳƭŜǎ 

ƛƴǎƛŘŜ ǘƘŜǎŜ ǘƘȅƭŀƪƻƛŘ ǘǳōǳƭŜǎ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘΦ ¢ƘŜǎŜ Ƴƛƴƛ-ǘǳōǳƭŜǎ Ŏƻƴǘŀƛƴ ǎǘǊƻƳŀ ŀƴŘ ƘŀǾŜ 

ƻǇǇƻǎƛǘŜ ƻǇŜƴƛƴƎǎ ƻǳǘǎƛŘŜ ŀƴŘ ƛƴǎƛŘŜ ǘƘŜ ǇȅǊŜƴƻƛŘΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜȅ ǇǊƻǾƛŘŜ ŀ ǇŀǘƘǿŀȅ ŦƻǊ 

ƳƻƭŜŎǳƭŜǎ ǘƻ ŘƛŦŦǳǎŜ ƛƴ ŀƴŘ ƻǳǘ ŘƛǊŜŎǘƭȅ ōŜǘǿŜŜƴ ǇȅǊŜƴƻƛŘ ŀƴŘ ǎǘǊƻƳŀ ώорϐΦ  

 ²ƘŜǘƘŜǊ ƻǊ ƴƻǘ ǇȅǊŜƴƻƛŘǎ ƘŀǾŜ ƻǘƘŜǊ ŦǳƴŎǘƛƻƴǎ ƛǎ ǳƴƪƴƻǿƴΦ ¢ƘŜǊŜ ŀǊŜ ƛƴŘƛŎŀǘƛƻƴǎ ƻŦ 

ǇƻǎǎƛōƭŜ ǊƻƭŜǎ ƻŦ ǇȅǊŜƴƻƛŘǎ ƛƴ ǘƘŜ ƳŜǘŀōƻƭƛǎƳ ƻŦ 5b! ŀƴŘ wb!Φ {ŜǾŜǊŀƭ ǎǘǳŘƛŜǎ ƘŀǾŜ ǎƘƻǿƴ ǘƘŀǘ 

ǘƘŜ ǇȅǊŜƴƻƛŘ ǎǘŀƛƴǎ ŦƻǊ 5!tL ƛƴ ŎŜǊǘŀƛƴ ƎǊŜŜƴ ŀƭƎŀŜΣ ōǳǘ ƴƻǘ ƛƴ /Φ ǊŜƛƴƘŀǊŘǘƛƛΦ IƻǿŜǾŜǊΣ 

ŎƘƭƻǊƻǇƭŀǎǘ ƴǳŎƭŜƻƛŘǎ ƘŀŘ ōŜŜƴ ǎƘƻǿƴ ƭƻŎŀƭƛȊŜŘ ŀŘƧŀŎŜƴǘ ǘƻ ǘƘŜ ǇȅǊŜƴƻƛŘ ƛƴ /Φ ǊŜƛƴƘŀǊŘǘƛƛ ώмуΣ 

осϐΦ ! 5b! ŜƴŘƻƴǳŎƭŜŀǎŜ ¦±LомҌ ǿƘƛŎƘ ǿŀǎ ǊŜƭŀǘŜŘ ǘƻ 5b! ǊŜǇŀƛǊ ǿŀǎ ŦƻǳƴŘ ǘƻ ƭƻŎŀƭƛȊŜ ǘƻ ǘƘŜ 

ǇȅǊŜƴƻƛŘΣ ŀƴŘ ǘƻ ƭŜŀǾŜ ǘƘŜ ǇȅǊŜƴƻƛŘ ǳƴŘŜǊ ǎǘǊŜǎǎ ƛƴŘǳŎŜŘ ōȅ ¦± ƭƛƎƘǘ ŜȄǇƻǎǳǊŜ ώотϐΦ ¢ƘŜǎŜ 

ŦƛƴŘƛƴƎǎ ǎǳƎƎŜǎǘ ǘƘŀǘ ǘƘŜ ǇȅǊŜƴƻƛŘ Ƴŀȅ ƘŀǾŜ ŀ ǊƻƭŜ ƛƴ ǘƘŜ ƳŀƛƴǘŜƴŀƴŎŜΣ ƛƴƘŜǊƛǘŀƴŎŜΣ ǊŜǇƭƛŎŀǘƛƻƴ 

ƻǊ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ƎŜƴƻƳŜΦ  

! ǊƻƭŜ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ ƛƴ wb! ƳŜǘŀōƻƭƛǎƳ ƛǎ ǎǳƎƎŜǎǘŜŘ ōȅ ǘƘŜ ŦƛƴŘƛƴƎ ƻŦ ǎǘǊŜǎǎ ƎǊŀƴǳƭŜǎ ŀǘ 
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ǘƘŜ ǾƛŎƛƴƛǘȅ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ ƛƴ /Φ ǊŜƛƴƘŀǊŘǘƛƛ ώоуϐΦ  

¢ƘŜ ǇȅǊŜƴƻƛŘ Ƙŀǎ ōŜŜƴ ǇǊƻǇƻǎŜŘ ǘƻ ōŜ ŀ ƭƻŎŀǘƛƻƴ ƻŦ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜ ōƛƻƎŜƴŜǎƛǎ ώофϐΦ 

¢ƘŜ ǇǳƭǎŜ-ƭŀōŜƭƛƴƎ ǿƛǘƘ ώоIϐ ŀŎŜǘŀǘŜ ƻŦ ƳŜƳōǊŀƴŜ ƭƛǇƛŘǎ ǊŜǾŜŀƭŜŘ ǎƛƎƴƛŦƛŎŀƴǘ ƭŀōŜƭƛƴƎ ƻŦ ǘƘŜ 

ǇȅǊŜƴƻƛŘ ǘƘȅƭŀƪƻƛŘ ǘǳōǳƭŜǎΣ ǎǳǇǇƻǊǘƛƴƎ ƳŜƳōǊŀƴŜ ǎȅƴǘƘŜǎƛǎ ƛƴ ǘƘŜǎŜ ƭƻŎŀǘƛƻƴǎ ώофϐΦ 

!ŎȅƭǘǊŀƴǎŦŜǊŀǎŜ ŀŎǘƛǾƛǘȅΣ ǿƘƛŎƘ ƛǎ ƛƴǾƻƭǾŜŘ ƛƴ ƳŜƳōǊŀƴŜ ƭƛǇƛŘ ǎȅƴǘƘŜǎƛǎΣ ǿŀǎ ŀƭǎƻ ŘŜǘŜŎǘŜŘ ƛƴ ǘƘŜ 

ǇȅǊŜƴƻƛŘ ōȅ ƘƛǎǘƻŎƘŜƳƛŎŀƭ ǎǘŀƛƴƛƴƎ ŀƴŘ ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇȅ ώплϐΦ ¢ƘŜǎŜ ǊŜǎǳƭǘǎ ǎǳƎƎŜǎǘ ǘƘŀǘ ǘƘŜ 

ǘƘȅƭŀƪƻƛŘ ǘǳōǳƭŜǎ ƛƴ ǇȅǊŜƴƻƛŘ ŀǊŜ ƎŜƴŜǊŀǘŜŘ ƛƴǎƛŘŜ ǇȅǊŜƴƻƛŘ ŀƴŘ ǘƘŜƴ ŎƻƴƴŜŎǘŜŘ ǿƛǘƘ ǘƘŜ 

ƻǳǘǎƛŘŜ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜΦ  

мΦмΦп wǳōƛǎŎƻ ŀƴŘ w./[ 

wǳōƛǎŎƻ ƛǎ ŀ ƪŜȅ ŜƴȊȅƳŜ ƛƴ ŎŀǊōƻƴ ŀǎǎƛƳƛƭŀǘƛƻƴΤ ƛǘ ǘŀƪŜǎ ƎŀǎŜƻǳǎ /hн ŀƴŘ wǳ.t ŀǎ ǎǳōǎǘǊŀǘŜǎ 

ŀƴŘ ƎŜƴŜǊŀǘŜǎ ǘǿƻ ƳƻƭŜŎǳƭŜǎ ƻŦ о-ǇƘƻǎǇƘƻƎƭȅŎŜǊƛŎ ŀŎƛŘ όо-tD!ύ ƻǊ ƻƴŜ ƳƻƭŜŎǳƭŜ ƻŦ о-tD! ŀƴŘ 

ƻƴŜ ƳƻƭŜŎǳƭŜ ƻŦ н-ǇƘƻǎǇƘƻƎƭȅŎƻƭŀǘŜ όн-tDύ ƛƴ ǘƘŜ ƻȄȅƎŜƴŀǘƛƻƴ ǊŜŀŎǘƛƻƴ ώпмΣ пнϐΦ ¢ƘŜ 

ŎƻƳǇŜǘƛǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ ŎŀǊōƻȄȅƭŀǎŜ ŀŎǘƛǾƛǘȅ ƻŦ wǳōƛǎŎƻ ŀƴŘ ƛǘǎ ƻȄȅƎŜƴŀǎŜ ŀŎǘƛǾƛǘȅ ƭŜŀŘ ǘƻ 

ƛƴŜŦŦƛŎƛŜƴǘ /hн ŦƛȄŀǘƛƻƴΦ ¢Ƙƛǎ ƛƴŜŦŦƛŎƛŜƴŎȅ ƛǎ ǘƘƻǳƎƘǘ ǘƻ ōŜ ǘƘŜ ǊŜŀǎƻƴ ƻŦ ǘƘŜ ƘƛƎƘ ŀōǳƴŘŀƴŎŜ ƻŦ 

ǘƘƛǎ ŜƴȊȅƳŜ όŀōƻǳǘ рл҈ύ ƛƴ Ǉƭŀƴǘǎ ŀƴŘ ŀƭƎŀŜ ώпоϐΦ ¢ƘŜ wǳōƛǎŎƻ ƘƻƭƻŜƴȊȅƳŜ Ŏƻƴǘŀƛƴǎ ŜƛƎƘǘ ŎƻǇƛŜǎ 

ŜŀŎƘ ƻŦ w./[ ŀƴŘ w./{Φ w./[ ƛǎ ŜƴŎƻŘŜŘ ōȅ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ǊōŎ[ ƎŜƴŜΣ ǿƘƛƭŜ w./{ ƛǎ ŜƴŎƻŘŜŘ ōȅ 

ǘǿƻ ƴǳŎƭŜŀǊ ƎŜƴŜǎΤ w./{м ŀƴŘ w./{н ώмтΣ ппϐΦ /Φ ǊŜƛƴƘŀǊŘǘƛƛ ƛǎ ǿƛŘŜƭȅ ǳǎŜŘ ŦƻǊ ǎǘǳŘƛŜǎ ƻŦ wǳōƛǎŎƻ 

ŦǳƴŎǘƛƻƴ ŀƴŘ ōƛƻƎŜƴŜǎƛǎ ōŜŎŀǳǎŜΣ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ ǘƘŜ ŀōƻǾŜ-ƳŜƴǘƛƻƴŜŘ ŀŘǾŀƴǘŀƎŜǎ ŀǎ ŀ ƳƻŘŜƭ 

ƻǊƎŀƴƛǎƳΣ ƛǘǎ ǊōŎ[ ƎŜƴŜ Ŏŀƴ ōŜ ƳƻŘƛŦƛŜŘ ōȅ ŎƘƭƻǊƻǇƭŀǎǘ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ŀƴŘ ǘƘŜǊŜ ŀǊŜ Ƴǳǘŀƴǘǎ 

ǎǘǊŀƛƴǎ ǘƘŀǘ ƭŀŎƪ ōƻǘƘ w./{ ƎŜƴŜǎΣ ǿƘƛŎƘ ŀǊŜ ŀŘƧŀŎŜƴǘ ƛƴ ŀ ǎƛƴƎƭŜ ƎŜƴŜǘƛŎ ƭƻŎǳǎ ώфΣ нсΣ нфΣ пр-пфϐΦ 

  ¢ƘŜ ǇǊƻƳƻǘŜǊ ƻŦ ǘƘŜ ǊōŎ[ ƎŜƴŜ Ŏƻƴǘŀƛƴǎ ǘȅǇƛŎŀƭ -орκ-мл ōŀŎǘŜǊƛŀƭ-ƭƛƪŜ ŜƭŜƳŜƴǘǎ ǿƛǘƘ ŀƴ 

ŜƴƘŀƴŎŜǊ ǘƻ Ƴŀƛƴǘŀƛƴ ƘƛƎƘ ŜȄǇǊŜǎǎƛƻƴ ώрлϐΦ ¢ƘŜǊŜ ƛǎ ŀƴ wb!-ǎǘŀōƛƭƛȊƛƴƎ ǎǘŜƳ-ƭƻƻǇ ǎǘǊǳŎǘǳǊŜ ƛƴ 
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ǘƘŜ ǊōŎ[ рΩ ǳƴǘǊŀƴǎƭŀǘŜŘ ǊŜƎƛƻƴ ό¦¢wύ ŀƴŘ Ŧǳǎƛƻƴ ƻŦ ǘƘƛǎ ǊŜƎƛƻƴ ǘƻ ǘƘŜ DCt ŎƻŘƛƴƎ ǊŜƎƛƻƴ Ŏŀƴ 

ŘǊƛǾŜ ƘƛƎƘ ƭŜǾŜƭǎ ƻŦ ŜȄǇǊŜǎǎƛƻƴ ƛƴ ŎƘƭƻǊƻǇƭŀǎǘ ǘǊŀƴǎŦƻǊƳŀƴǘǎ ώрмϐΦ ¢ƘŜ ǘǿƻ ǎǘŜǇ-ƭƻƻǇ ǎǘǊǳŎǘǳǊŜǎ ƛƴ 

ǘƘŜ оΩ ¦¢w ǎǘŀōƛƭƛȊŜ ǘƘŜ ǘǊŀƴǎŎǊƛǇǘ ŀƎŀƛƴǎǘ ŜȄƻƴǳŎƭŜƻƭȅǘƛŎ ŘŜŎŀȅ ώрнϐΦ aƻǊŜƻǾŜǊΣ ǘƘŜ 

ŀŎŎǳƳǳƭŀǘƛƻƴ ƻŦ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ǊōŎ[ ǘǊŀƴǎŎǊƛǇǘ ƛǎ ǊŜƎǳƭŀǘŜŘ ōȅ ŀ ƴǳŎƭŜŀǊ ŦŀŎǘƻǊΣ ƳŀǘǳǊŀǘƛƻƴ ƻŦ 

ǊōŎ[ όaw[мύΣ ǿƘƛŎƘ ǎǘŀōƛƭƛȊŜǎ ǘƘŜ ǊōŎ[ Ƴwb! Ǿƛŀ ƛǘǎ рϥ ¦¢w ώроϐΦ Under reducing conditions, the 

рΩ ¦¢w ǊŜƎƛƻƴ ƻŦ rbcL can specifically bind proteins of 81, 62, 51, and 47 kDa in UV-cross-linking 

experiments. However, ǳƴŘŜǊ ƻȄƛŘƛȊƛƴƎ ŎƻƴŘƛǘƛƻƴ, the binding of these proteins is interrupted 

because RBCL ōƛƴŘǎ ǿƛǘƘ rbcL mRNA by ƛǘǎ ƴƻƴ-ǎǇŜŎƛŦƛŎ wb! ōƛƴŘƛƴƎ ŀŎǘƛǾƛǘȅ. The amino 

ǘŜǊƳƛƴǳǎ ƻŦ w./[ ǎƘŀǊŜǎ ŀ ŎƻƳƳƻƴ ʲʰʲʲʰʲ ǎǘǊǳŎǘǳǊŜΣ ǿƘƛŎƘ ƛǎ ƪƴƻǿƴ ŀǎ άŦŜǊǊŜŘƻȄƛƴ-ƭƛƪŜέ 

domain found in a number of RNA-binding proteins [54]. 

!ƭǘƘƻǳƎƘ ǘƘŜ Ǌŀǘƛƻ ƻŦ w./[ ǘƻ w./{ ƛƴ wǳōƛǎŎƻ ƘƻƭƻŜƴȊȅƳŜ ƛǎ мΥмΣ ōƻǘƘ ǘǊŀƴǎŎǊƛǇǘ ŀƴŘ 

ǇǊƻǘŜƛƴ Ǌŀǘƛƻǎ ƻŦ ǘƘŜǎŜ ǘǿƻ ŎƻƳǇƻƴŜƴǘǎ ŀǊŜ рΥмΣ ǿƘƛŎƘ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ w./{ ƛǎ ǘƘŜ ƭƛƳƛǘƛƴƎ ŦŀŎǘƻǊ 

ŦƻǊ ǘƘŜ ŀǎǎŜƳōƭȅ ƻŦ ǘƘŜ ƘƻƭƻŜƴȊȅƳŜ ώррϐΦ ¢Ƙǳǎ ǘƘŜǊŜ ƛǎ ŀ ǎǳōǎǘŀƴǘƛŀƭ Ǉƻƻƭ ƻŦ w./[ ǿƘƛŎƘ ƛǎ ƴƻǘ ƛƴ 

ǘƘŜ ƘƻƭƻŜƴȊȅƳŜ ŀƴŘΣ ǘƘŜǊŜŦƻǊŜΣ Ƴŀȅ ƘŀǾŜ ŀ ŦǳƴŎǘƛƻƴ ƻǘƘŜǊ ǘƘŀƴ wǳōƛǎŎƻΦ 

мΦн /ŀǊōƻƴ /ƻƴŎŜƴǘǊŀǘƛƴƎ aŜŎƘŀƴƛǎƳ ό//aύ 

         /hн ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƛǎ ŀ ƳŀƧƻǊ ŦŀŎǘƻǊ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ Ǉƭŀƴǘ ƎǊƻǿǘƘ ǊŀǘŜΣ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ǊŀǘŜ 

ŀƴŘ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ƎŜƴŜǎ ώрсϐΦ ! //a ƘŜƭǇǎ ŀǉǳŀǘƛŎ ǇƘƻǘƻǎȅƴǘƘŜǘƛŎ ŀƭƎŀŜ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ /hн 

ŎƻƴŎŜƴǘǊŀǘƛƻƴ ŀǊƻǳƴŘ ǘƘŜ ŎŀǊōƻƴ ŦƛȄŀǘƛƻƴ ŜƴȊȅƳŜΣ wǳōƛǎŎƻΦ ¢ƘŜ //a ƛǎ ƛƴŘǳŎŜŘ ōȅ ǘƘŜ ŀƳōƛŜƴǘ 

όлΦло-лΦлр҈ύ ƻǊ ƭƻǿŜǊ /hн ŎƻƴŎŜƴǘǊŀǘƛƻƴ ŀƴŘ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ǘƘŜ ŀǉǳŀǘƛŎ ƻǊƎŀƴƛǎƳǎ ŘǳŜ ǘƻ 

ǘƘŜƛǊ ƭƻǿŜǊ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ /hн ǊŜǎǳƭǘƛƴƎ ŦǊƻƳ ǘƘŜ ƭƻǿ ŘƛŦŦǳǎƛƻƴ ǊŀǘŜǎ ƛƴ ǿŀǘŜǊ ǘƘŀƴ ƛƴ ŀƛǊΦ 

aƻǊŜƻǾŜǊΣ Ƴƻǎǘ /hн ƛƴ ǿŀǘŜǊ ƴŜŀǊ ǇI тΣ ǘƘŜ ǊŀƴƎŜ ŦƻǳƴŘ ƛƴ ƴŀǘǳǊŀƭ ǿŀǘŜǊΣ ƛǎ ŎƻƴǾŜǊǘŜŘ ǘƻ ǘƘŜ 

ōƛŎŀǊōƻƴŀǘŜ ƛƻƴ όI/hо
-ύΦ ¦ƴƭƛƪŜ /hнΣ ǘƘŜ ōƛŎŀǊōƻƴŀǘŜ ƛƻƴ Ŏŀƴƴƻǘ ŎǊƻǎǎ ƳŜƳōǊŀƴŜǎ ŀƴŘ ŜƴǘŜǊ 
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ŎŜƭƭǎ ŀƴŘ ƻǊƎŀƴŜƭƭŜǎ ōȅ ǎƛƳǇƭŜ ŘƛŦŦǳǎƛƻƴ ώртϐΦ ¢ƘŜ //a ƛƴǾƻƭǾŜǎ ŀ ǎŜǘ ƻŦ ǘǊŀƴǎǇƻǊǘ ǇǊƻǘŜƛƴǎ ŀƴŘ 

ŜƴȊȅƳŜǎ ǘƻ ƘŜƭǇ ǘƘŜ ŜŦŦƛŎƛŜƴǘ ǳǇǘŀƪŜ ƻŦ ƛƴƻǊƎŀƴƛŎ ŎŀǊōƻƴ ό/ƛύΣ ƭƛƪŜ /hн ŀƴŘ I/hо
-
 ƛƴǘƻ ŎŜƭƭǎ ǘƻ ǘƘŜ 

ǎƛǘŜ ƻŦ wǳōƛǎŎƻ ŦƻǊ ŦƛȄŀǘƛƻƴΦ  

мΦнΦм /Ŝƭƭ ǎǳǊŦŀŎŜ ŀƴŘ ǇƭŀǎƳŀ ƳŜƳōǊŀƴŜΥ 

       !ǎ ǿŀǎ ƳŜƴǘƛƻƴŜŘ ŀōƻǾŜΣ ǳƴƭƛƪŜ /hнΣ I/hо
- Ŏŀƴƴƻǘ ŘƛǊŜŎǘƭȅ ŎǊƻǎǎ ǇƭŀǎƳŀ ƳŜƳōǊŀƴŜ ōȅ 

ǎƛƳǇƭŜ ŘƛŦŦǳǎƛƻƴΦ ¢ƘŜǊŜ ŀǊŜ ǎŜǾŜǊŀƭ ǘǊŀƴǎǇƻǊǘŜǊǎ ƛƴ ǘƘŜ ǇƭŀǎƳŀ ƳŜƳōǊŀƴŜ ǘƻ ǘǊŀƴǎǇƻǊǘ I/hо
- 

ƛƴǘƻ ǘƘŜ ŎȅǘƻǎƻƭΦ [ƻǿ- /hн ƛƴŘǳŎŜǊм ό[/LмύΣ ǘƘŜ ŦƛǊǎǘ ƛŘŜƴǘƛŦƛŜŘ ƳŜƳōǊŀƴŜ ǇǊƻǘŜƛƴ ǿƘƛŎƘ ƛǎ ǳǇ-

ǊŜƎǳƭŀǘŜŘ ōȅ ƭƛƳƛǘƛƴƎ /hнΣ ƛǎ ƭƻŎŀƭƛȊŜŘ ƛƴ ǇƭŀǎƳŀ ƳŜƳōǊŀƴŜ ώруϐΦ !ƴ !¢t-ōƛƴŘƛƴƎ ŎŀǎǎŜǘǘŜ 

ǘǊŀƴǎǇƻǊǘŜǊ I[!оΣ ǿƘƛŎƘ ƛǎ ŜƴŎƻŘŜŘ ōȅ ƘƛƎƘ ƭƛƎƘǘ ƛƴŘǳŎŜŘ ƎŜƴŜ о όI[!оύ ƛǎ ŀƴƻǘƘŜǊ ǇƭŀǎƳŀ 

ƳŜƳōǊŀƴŜ ǘǊŀƴǎǇƻǊǘŜǊ ŦƻǊ I/hо
- ώрфϐΦ .ƻǘƘ /hн ŀƴŘ I/hо

- ƛƴ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘ Ŏŀƴ ōŜ ǘŀƪŜƴ ƛƴ 

ŀǎ ǘƘŜ /ƛ ǎƻǳǊŎŜΦ ¢ƘŜǊŜ ƛǎ ŀ ǇI-ŘŜǇŜƴŘŜƴǘ ŜǉǳƛƭƛōǊƛǳƳ ōŜǘǿŜŜƴ ǘƘŜǎŜ ǘǿƻ /ƛ ǎǇŜŎƛŜǎΦ ¢ƘŜ ƭƻǿ 

/hн ƛƴŘǳŎŜŘ ǇŜǊƛǇƭŀǎƳƛŎ ŎŀǊōƻƴƛŎ ŀƴƘȅŘǊŀǎŜ м ό/!Iмύ Ŏŀƴ Ƴŀƛƴǘŀƛƴ ǘƘŜ ŜǉǳƛƭƛōǊƛǳƳ ōŜǘǿŜŜƴ 

ǘƘŜǎŜ ǘǿƻ /ƛ ǎǇŜŎƛŜǎ ŦƻǊ ǳǇǘŀƪŜ ƻŦ ŜƛǘƘŜǊ I/hо
- Ǿƛŀ ǘǊŀƴǎǇƻǊǘŜǊǎ ƻǊ /hн Ǿƛŀ ǎƛƳǇƭŜ ŘƛŦŦǳǎƛƻƴ ώслϐΦ 

мΦнΦн /ȅǘƻǎƻƭ ŀƴŘ ŎƘƭƻǊƻǇƭŀǎǘ ŜƴǾŜƭƻǇŜΥ 

          bƻ ŎŀǊōƻƴƛŎ ŀƴƘȅŘǊŀǎŜ ό/!ύ ǿŀǎ ŦƻǳƴŘ ƛƴ ǘƘŜ ŎȅǘƻǇƭŀǎƳ ŀƴŘ ǘƘƛǎ Ƴŀȅ ǎŜǊǾŜ ǘƻ Ƴŀƛƴǘŀƛƴ ŀ 

ƘƛƎƘ I/hо
- ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƛƴ ǘƘƛǎ ŎƻƳǇŀǊǘƳŜƴǘΦ [ŜŀƪŀƎŜ ƻŦ /hн ŎƻǳƭŘ ōŜ ƳƛƴƛƳƛȊŜŘ ǎƛƴŎŜ ǘƘŜǊŜ ƛǎ 

ƴƻ /! ǘƻ ŘŜƘȅŘǊŀǘŜ ŀŎŎǳƳǳƭŀǘŜŘ /ƛ ŀǎ I/hо
- ώсмϐΦ ¢ƘŜǊŜ ŀǊŜ ǘǿƻ /!ǎΣ /!Iп ŀƴŘ /!IрΣ ƛƴ ǘƘŜ 

ƳƛǘƻŎƘƻƴŘǊƛŀ ώснϐΦ !ƭǘƘƻǳƎƘΣ ǘƘŜ ŦǳƴŎǘƛƻƴ ƻŦ ǘƘŜǎŜ ǘǿƻ ŜƴȊȅƳŜǎ Ƴŀȅ ƴƻǘ ŘƛǊŜŎǘƭȅ ǊŜƭŀǘŜ ǘƻ //aΣ 

/!Iп ƛǎ ƛƴŘǳŎŜŘ ǳƴŘŜǊ ƭƻǿ /hн ŎƻƴŘƛǘƛƻƴǎ ώснϐΦ ¢ƘŜ ǇǊƻǘŜƛƴ ƭƻǿ /hн ƛƴŘǳŎŜŘ ! ό[/L!ύ Ƙŀǎ ōŜŜƴ 

ƛŘŜƴǘƛŦƛŜŘ ŀǎ ŀ I/hо
- ǘǊŀƴǎǇƻǊǘŜǊ ƛƴ ǘƘŜ ƛƴƴŜǊ ŎƘƭƻǊƻǇƭŀǎǘ ŜƴǾŜƭƻǇŜ ƳŜƳōǊŀƴŜ ώомΣ соϐΦ ¢ƘŜ 

ƻǘƘŜǊ ǇǳǘŀǘƛǾŜ /ƛ ǘǊŀƴǎǇƻǊǘŜǊǎ ŦƻǊ ŎƘƭƻǊƻǇƭŀǎǘ ŜƴǾŜƭƻǇŜ ŀǊŜ ŎƘƭƻǊƻǇƭŀǎǘ ŎŀǊǊƛŜǊ ǇǊƻǘŜƛƴ м ŀƴŘ н 

ό//tмκ//tнύΦ ¢ƘŜȅ ŀǊŜ ǎǘǊƻƴƎƭȅ ǳǇ-ǊŜƎǳƭŀǘŜŘ ƛƴ ƭƻǿ /hн ŎƻƴŘƛǘƛƻƴǎ ŀƴŘ ǘƘŜȅ ŀǊŜ ƳŜƳōŜǊǎ ƻŦ ǘƘŜ 
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ƳƛǘƻŎƘƻƴŘǊƛŀ ŎŀǊǊƛŜǊ ŦŀƳƛƭȅΣ ŀƭǘƘƻǳƎƘ ǘƘŜȅ ŦǳƴŎǘƛƻƴ ƛƴ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ŜƴǾŜƭƻǇŜ ώспϐΦ ¢ƘŜ ƻǘƘŜǊ 

ǇǊƻǘŜƛƴ ǘƘŀǘ ƛǎ ǊŜǉǳƛǊŜŘ ŦƻǊ /ƛ ǘǊŀƴǎǇƻǊǘ ƛƴǘƻ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ƛǎ /ŜƳ!Σ ŀ ǇǊƻǘŜƛƴ ƻŦ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ 

ŜƴǾŜƭƻǇŜ ǿƘƛŎƘ ƛǎ ŜƴŎƻŘŜŘ ōȅ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ƎŜƴŜ ȅŎŦмл ώсрϐ. LƴǎǘŜŀŘ ƻŦ ŀŎǘƛƴƎ ŀǎ ŀ /ƛ 

ǘǊŀƴǎǇƻǊǘŜǊΣ ƛǘ Ƴŀƛƴƭȅ Ǉƭŀȅǎ ŀ ǊƻƭŜ ƛƴ ŜƭŜŎǘǊƛŎŀƭ ŀƴŘ ǇI ƘƻƳŜƻǎǘŀǎƛǎ ǘƻ ŀŦŦŜŎǘ /ƛ ǘǊŀƴǎǇƻǊǘ ώссϐΦ 

1.2.3 Chloroplast stroma: 

       !ƴƻǘƘŜǊ ƎǊƻǳǇ ƻŦ ƭƻǿ-/hн-ƛƴŘǳŎŜŘ ƎŜƴŜǎ ƛƴŎƭǳŘŜ [/L. ŀƴŘ ǘƘǊŜŜ ǊŜƭŀǘŜŘ ƎŜƴŜǎΤ [/L/Σ [/L5Σ 

[/L9Σ ǿƘƛŎƘ ŜƴŎƻŘŜ ǇǊƻǘŜƛƴǎ ƛƳǇƭƛŎŀǘŜŘ ƛƴ /hн ǳǇǘŀƪŜ ƛƴ ǘƘŜ ǎǘǊƻƳŀ ώстϐΦ [/L. ŦǳƴŎǘƛƻƴǎ ǳƴŘŜǊ 

ōƻǘƘ ƭƻǿ /hн ŀƴŘ ǾŜǊȅ ƭƻǿ /hн όғлΦлн҈ύ ŎƻƴŘƛǘƛƻƴǎ ŦƻǊ /hн ŀŎŎƭƛƳŀǘƛƻƴ ŀƴŘ ƛǘ ƛǎ ǇǊƻǇƻǎŜŘ ǘƻ 

ŎŀǘŀƭȅȊŜ ǳƴƛŘƛǊŜŎǘƛƻƴŀƭ ƘȅŘǊŀǘƛƻƴ ƻŦ /hн ǘƻ I/hо
- ŦƻǊ /hн ŀŎŎǳƳǳƭŀǘƛƻƴ ώстϐΦ [/L. ƭƻŎŀƭƛȊŜǎ ŀǘ ǘƘŜ 

ǾƛŎƛƴƛǘȅ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ ǿƘŜƴ //a ƛǎ ŀŎǘƛǾŜ ŀƴŘ ƳƻǾŜǎ ǘƻ ǘƘŜ ǎǘǊƻƳŀ ŀŦǘŜǊ ŎŜƭƭǎ ŀǊŜ ǎƘƛŦǘŜŘ ǘƻ 

ƘƛƎƘ /hн ŎƻƴŘƛǘƛƻƴǎ ώсуϐΦ ¢Ƙƛǎ ƭƻŎŀƭƛȊŀǘƛƻƴ Ƴŀȅ ƭŜǘ [/L. ŎŀǇǘǳǊŜ ǘƘŜ ƭŜŀƪƛƴƎ /hн ŦǊƻƳ ǘƘŜ 

ǇȅǊŜƴƻƛŘ ŀƴŘ ƘȅŘǊŀǘŜǎ ƛǘ ōŀŎƪ ǘƻ ǘƘŜ I/hо
- Ǉƻƻƭ ƛƴ ǘƘŜ ǎǘǊƻƳŀƭΦ !ƴƻǘƘŜǊ ǎǘǊƻƳŀƭ /!Σ /!IсΣ Ŏŀƴ 

ŎƻǾŜǊǘ /hн ǘƻ I/hо
- ƛƴ ŀƭƪŀƭƛƴŜ ǎǘǊƻƳŀ ǘƻ Ƴŀƛƴǘŀƛƴ ƘƛƎƘ /ƛ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ώсфϐΦ 

мΦнΦп tȅǊŜƴƻƛŘΥ 

      !ǎ ƳŜƴǘƛƻƴŜŘ ŀōƻǾŜΣ ǘƘŜ ǇȅǊŜƴƻƛŘ ƛǎ ǘƘŜ ƳŀƧƻǊ ǎƛǘŜ ƻŦ ƭƻŎŀƭƛȊŀǘƛƻƴ ŦƻǊ wǳōƛǎŎƻ ŀƴŘ ŀƭƳƻǎǘ 

фл҈ ƻŦ ǘƻǘŀƭ Ǉƻƻƭ ƻŦ ǘƘƛǎ ŜƴȊȅƳŜ ŎƻƳǇƭŜȄ ƛǎ ǘƘŜǊŜƛƴ ǿƘŜƴ //a ƛǎ ƛƴŘǳŎŜŘ ώтлϐΦ wǳōƛǎŎƻ 

ŎŀǘŀƭȅȊŜǎ ǘƘŜ ŦƛǊǎǘ ǎǘŜǇ ƻŦ /ŀƭǾƛƴ /ȅŎƭŜ ŀƴŘ ƛǘ ƛƴŎƻǊǇƻǊŀǘŜǎ /hн ƛƴǘƻ ƻǊƎŀƴƛŎ ŎŀǊōƻƴ ōȅ ŎƻƳōƛƴƛƴƎ 

ƛǘ ǿƛǘƘ wǳ.t ώтмϐΦ  

     hƴŜ ƻŦ ǘƘŜ ŎŀǊōƻƴƛŎ ŀƴƘȅŘǊŀǎŜǎ ό/!ǎύ ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘΣ /!IоΣ ŎŀǘŀƭȅȊŜǎ ǘƘŜ ŎƻƴǾŜǊǎƛƻƴ ƻŦ 

I/hо
- ǘƻ /hн ƴŜŀǊ wǳōƛǎŎƻ ώтнϐΦ hǊƛƎƛƴŀƭƭȅΣ ƛǘ ǿŀǎ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ƭƻŎŀƭƛȊŜ ǘƻ ǘƘŜ ƭǳƳŜƴ ƻŦ 

ǘƘȅƭŀƪƻƛŘ ǘǳōǳƭŜǎ ǿƘŜƴ ǇƘƻǎǇƘƻǊȅƭŀǘŜŘ ώтоϐΦ {ƻƳŜ ǊŜŎŜƴǘ ǊŜǎŜŀǊŎƘ ǊŜǾŜŀƭŜŘ ǘƘŀǘ 

ǇƘƻǎǇƘƻǊȅƭŀǘŜŘ /!Iо ƳƛƎƘǘ ƭƻŎŀƭƛȊŜŘ ƛƴ ǎǘǊƻƳŀ ŜƛǘƘŜǊ ƛƴ Ƴƛƴƛ-ǘǳōǳƭŜǎ ƻǊ ǾŜǊȅ ŎƭƻǎŜ ǘƻ ǘƘŜ 
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ƻǇŜƴƛƴƎ ƻŦ ǘƘŜ Ƴƛƴƛ-ǘǳōǳƭŜǎ ώорϐΦ ¢ƘŜ Ƴƛƴƛ-ǘǳōǳƭŜǎ ŎƻǳƭŘ ǇǊƻǾƛŘŜ ŀ ŘƛǊŜŎǘ ǊƻǳǘŜ ŦƻǊ ŘƛŦŦǳǎƛƻƴ ƻŦ 

ǎǘǊƻƳŀƭ I/hо
- ƛƴǘƻ ǘƘŜ ǇȅǊŜƴƻƛŘΣ ŜƭƛƳƛƴŀǘƛƴƎ ǘƘŜ ƴŜŜŘ ŦƻǊ ŀ /! ƛƴ ǘƘŜ ǘƘȅƭŀƪƻƛŘ ƭǳƳŜƴΣ ǘƘŜ 

ǇǊŜǾƛƻǳǎƭȅ ǇǊƻǇƻǎŜŘ ǊƻǳǘŜΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ ƻƴƭȅ άƳƛǎǎƛƴƎέ ǘǊŀƴǎǇƻǊǘŜǊΣ ǿƘƛŎƘ ǿŀǎ ǇǊƻǇƻǎŜŘ ǘƻ 

ǘǊŀƴǎǇƻǊǘ I/hо
- ƛƴǘƻ ǘƘŜ ƭǳƳŜƴ ƻŦ ǘƘȅƭŀƪƻƛŘ ǘǳōǳƭŜǎ ǘƻ ƳŜŜǘ /!IоΣ ƛǎ ƴƻǘ ƴŜŜŘŜŘ ŀƴȅƳƻǊŜΦ 

мΦнΦр //a ƳƻŘŜƭΥ 

        ¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ cryo-electron tomography ƻŦ /Φ ǊŜƛƴƘŀǊŘǘƛƛ ŀǊŎƘƛǘŜŎǘǳǊŜΣ ǊŜǾƛŜǿŜŘ ƛƴ ǘƘŜ 

ǇǊŜǾƛƻǳǎ ǎǳōǎŜŎǘƛƻƴ όмΦнΦпύΣ ǎǳǇǇƻǊǘ ŀƴ ǳǇŘŀǘŜŘ //a ƳƻŘŜƭ [35, 66, 74]. The CO2 in the 

environment can diffuse into the pyrenoid to meet Rubisco. This CO2 can be generated from 

HCO3
- by CAH1 (dehydrates HCO3

- to CO2) in the periplasm. In addition, cells can also take up 

bicarbonate by the transporters. LCI1 and HLA3 would transport HCO3
- into cytoplasm and LCIA 

would take it across the chloroplast envelope to the stroma. Instead of finding a way to reach 

the thylakoid lumen in pyrenoid, HCO3
- could be dehydrated to CO2 by phosphorylated CAH3 

localized in or very close to the openings of the mini-tubules at the surface of the pyrenoid. 

Then the stromal HCO3
- and the Rubisco substrate ribulose-1, 5-bisphosphate (RuBP) can be 

directly delivered to the pyrenoid matrix via the mini-tubules. The product of carbon fixation, 

like 3-PGA, can also be transported from pyrenoid to stroma directly via these mini-tubules (Fig 

1.1). 
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CƛƎǳǊŜ мΦм ¢ƘŜ //a ƳƻŘŜƭ ƛƴǾƻƭǾƛƴƎ ǇȅǊŜƴƻƛŘ ƻŦ /Φ ǊŜƛƴƘŀǊŘǘƛƛΦ 

bŜǿ //a ƳƻŘŜƭ ƳƻŘƛŦƛŜŘ ŦǊƻƳ ǇǊŜǾƛƻǳǎ ǇŀǇŜǊΦ ¢ƘƻǎŜ Ƴƛƴƛ-ǘǳōǳƭŜǎ ƛƴ ǘƘŜ ǘƘȅƭŀƪƻƛŘ ǘǳōǳƭŜǎ 

ǇǊƻǾƛŘŜ ŀ ŘƛǊŜŎǘ ŎƻƴǘŜƴǘ ŜȄŎƘŀƴƎŜ ōŜǘǿŜŜƴ ǘƘŜ ǎǘǊƻƳŀ ŀƴŘ ǘƘŜ ǇȅǊŜƴƻƛŘΣ ŀǎ wǳōƛǎŎƻ ǎǳōǎǘǊŀǘŜΣ 

wǳ.t ŀƴŘ ŎŀǊōƻƴ ŀǎǎƛƳƛƭŀǘƛƻƴ ǇǊƻŘǳŎǘΣ о-tD!Φ .ƛŎŀǊōƻƴŀǘŜ ƛǎ ǘǊŀƴǎǇƻǊǘŜŘ ŦǊƻƳ ƻǳǘǎƛŘŜ ǘƻ 

ŎƘƭƻǊƻǇƭŀǎǘ ǎǘǊƻƳŀ ōȅ ǇƭŀǎƳŀ ǘǊŀƴǎǇƻǊǘŜǊ I[!о ŀƴŘ [/Lм όƻǊŀƴƎŜύΣ ŀƴŘ ŜƴǾŜƭƻǇŜ ǘǊŀƴǎǇƻǊǘŜǊ 

[/L! όōƭǳŜύΦ /!Iо όǊŜŘύ ŎƻǳƭŘ ƭƻŎŀǘŜ ŎƭƻǎŜ ǘƻ ƻǊ ǿƛǘƘƛƴ ǘƘŜ Ƴƛƴƛ-ǘǳōǳƭŜǎ ǘƻ ƘȅŘǊŀǘŜ ōƛŎŀǊōƻƴŀǘŜ 

ǘƻ /hн ŀƴŘ /hн ŎƻǳƭŘ ōŜ ŘŜƭƛǾŜǊŜŘ ǘƻ wǳōƛǎŎƻ ƛƴ ǘƘŜ Ƴƛƴƛ-ǘǳōǳƭŜǎ ǿƛǘƘƻǳǘ ǘǊŀƴǎǇƻǊǘŜǊǎΦ 
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1.2.6 Regulation of CCM 

     ¢ƘŜ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ǇǊƻǘŜƛƴ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜ //a ƛǎ ǊŜƎǳƭŀǘŜŘ ōȅ ǘǿƻ ǘǊŀƴǎŎǊƛǇǘƛƻƴ ŦŀŎǘƻǊǎΥ 

/ƛ ŀŎŎǳƳǳƭŀǘƛƻƴ р ό/L!р ƻǊ //aмύ ŀƴŘ ƭƻǿ-/hн ǊŜǎǇƻƴǎŜ ǊŜƎǳƭŀǘƻǊ м ό[/wмύ ώтрϐΦ /L!р ǊŜƎǳƭŀǘŜǎ 

Ƴƻǎǘ /ƛ ǘǊŀƴǎǇƻǊǘŜǊǎ ŀƴŘ ǎƻƳŜ ŎŀǊōƻƴƛŎ ŀƴƘȅŘǊŀǎŜǎ ƭƛƪŜ [/L!Σ [/LмΣ I[!о ŀƴŘ //tмκнΦ !ƭǘƘƻǳƎƘ 

/L!р ƛǎ ŎŀƭƭŜŘ ǘƘŜ ƳŀǎǘŜǊ ǊŜƎǳƭŀǘƻǊ ƻŦ //aΣ ƛǘǎ ǘǊŀƴǎŎǊƛǇǘ ƭŜǾŜƭǎ ŀǊŜ ƛƴŘŜǇŜƴŘŜƴǘ ƻŦ /hн 

ŎƻƴŎŜƴǘǊŀǘƛƻƴ ώтсϐΦ ¢Ƙŀǘ ƳŜŀƴǎ ǘƘŜ ǇƻǎǘǘǊŀƴǎŎǊƛǇǘƛƻƴŀƭ ŀŎǘƛǾŀǘƛƻƴ ƻŦ /L!р ƛƴ ƭƛƳƛǘƛƴƎ /hн ƛǎ 

ǊŜǉǳƛǊŜŘ ŦƻǊ ƛǘǎ ǊŜƎǳƭŀǘƛƻƴΦ [/wм ǊŜƎǳƭŀǘŜǎ ŀǘ ƭŜŀǎǘ ǘƘǊŜŜ ƭƻǿ /hн ƛƴŘǳŎŜŘ ƎŜƴŜǎΥ /!IмΣ [/Lм ŀƴŘ 

[/Lс ώттϐΦ  

мΦнΦт ²Ƙŀǘ ŜƭǎŜ ƘŀǇǇŜƴǎ ǳƴŘŜǊ ƭƻǿ /hн ŎƻƴŘƛǘƛƻƴǎΚ 

    {ƻƳŜ ǇƘƻǘƻǊŜǎǇƛǊŀǘƻǊȅ ŜƴȊȅƳŜ ŀŎǘƛǾƛǘƛŜǎ ŀƭǎƻ ƛƴŎǊŜŀǎŜ ŘǳǊƛƴƎ ƭƻǿ /hн ŎƻƴŘƛǘƛƻƴǎΣ ƛƴŎƭǳŘƛƴƎ 

ǇƘƻǎǇƘƻƎƭȅŎƻƭŀǘŜ ǇƘƻǎǇƘŀǘŀǎŜΣ ƎƭȅŎƻƭŀǘŜ ŘŜƘȅŘǊƻƎŜƴŀǎŜ ŀƴŘ ƎƭǳǘŀƳƛƴŜ ǎȅƴǘƘŜǘŀǎŜ ώтуΣ тфϐΦ  

     ¢ƘŜ ǎǳōŎŜƭƭǳƭŀǊ ƻǊƎŀƴƛȊŀǘƛƻƴ Ŏŀƴ ŀƭǎƻ ōŜ ŎƘŀƴƎŜŘ ŘǳǊƛƴƎ ǘƘŜ ƭƛƳƛǘƛƴƎ /hн ŀŎŎƭƛƳŀǘƛƻƴΦ ¢ƘŜ 

ǎǘŀǊŎƘ ǎƘŜŀǘƘ ǎǳǊǊƻǳƴŘƛƴƎ ǘƘŜ ǇȅǊŜƴƻƛŘ ƛǎ ŘŜǾŜƭƻǇŜŘ ŀƴŘ Ǉƻǎǎƛōƭȅ ŀŎǘǎ ŀǎ ŀ ŘƛŦŦǳǎƛƻƴ ōŀǊǊƛŜǊ ǘƻ 

ƳƛƴƛƳƛȊŜ ƭƻǎǎ ƻŦ /hн ŦǊƻƳ wǳōƛǎŎƻ-ǊƛŎƘ- ǇȅǊŜƴƻƛŘ ǿƘŜƴ //a ƛǎ ƛƴŘǳŎŜŘ ŀƴŘ ŘƛǎŀǎǎŜƳōƭŜŘ ǿƘŜƴ 

//a ƛǎ ǊŜǇǊŜǎǎŜŘ ώулΣ умϐΦ ¢ƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ƳƛǘƻŎƘƻƴŘǊƛŀ ŀƭǎƻ ŎƘŀƴƎŜǎ ŦǊƻƳ ŀ ŎŜƴǘǊŀƭ Ǉƻǎƛǘƛƻƴ 

ƛƴǎƛŘŜ ǘƘŜ άŎǳǇέ ƻŦ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ǘƻ ǘƘŜ ǇŜǊƛǇƘŜǊȅ ōŜǘǿŜŜƴ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ŀƴŘ ǘƘŜ ǇƭŀǎƳŀ 

ƳŜƳōǊŀƴŜ ώунϐΦ ¢Ƙƛǎ ǊŜƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ƳƛǘƻŎƘƻƴŘǊƛŀ Ƴŀȅ ǊŜƭŀǘŜ ǘƻ ǘƘŜ ǎŎŀǾŜƴƎƛƴƎ ƻŦ ǘƘŜ 

ǇƘƻǘƻǊŜǎǇƛǊŀǘƻǊȅ ǇǊƻŘǳŎǘ ƎƭȅŎƻƭŀǘŜ ǿƘŜƴ /hн ƛǎ ƭƛƳƛǘƛƴƎ ώуоϐΦ  

мΦо /ƘƭƻǊƻǇƘȅƭƭ ōƛƻǎȅƴǘƘŜǎƛǎ  

     /Φ ǊŜƛƴƘŀǊŘǘƛƛ ǎȅƴǘƘŜǎƛȊŜǎ ǎŜǾŜǊŀƭ ǇƛƎƳŜƴǘǎ ƛƴŎƭǳŘƛƴƎ ŎƘƭƻǊƻǇƘȅƭƭ ŀ ŀƴŘ ōΦ /ƘƭƻǊƻǇƘȅƭƭ ŀōǎƻǊōǎ 

ƭƛƎƘǘ ŜƴŜǊƎȅ ƛƴ ǘƘŜ ƭƛƎƘǘ-ƘŀǊǾŜǎǘƛƴƎ ŀƴǘŜƴƴŀ ŎƻƳǇƭŜȄŜǎ ŀƴŘ ǘǊŀƴǎŦŜǊǎ ǘƘƛǎ ŜƴŜǊƎȅ ǘƻ ǘƘŜ ǊŜŀŎǘƛƻƴ 

ŎŜƴǘŜǊǎ ƻŦ t{L ŀƴŘ t{LL ώупϐΦ ¢ƘŜ ŎƘƭƻǊƻǇƘȅƭƭǎ ŀǊŜ ŎƻƳǇƻǎŜŘ ƻŦ ǘǿƻ ǇŀǊǘǎΥ ǘƘŜ ǘŜǘǊŀǇȅǊǊƻƭŜ ǊƛƴƎ 
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ŀƴŘ ǘƘŜ ƛǎƻǇǊŜƴƻƛŘ ǇƘȅǘƻƭ άǘŀƛƭέ ώурϐΦ aƻǎǘ ƻŦ ǘƘŜ ƎŜƴŜǎ ǊŜƭŀǘŜŘ ǘƻ ŎƘƭƻǊƻǇƘȅƭƭ ōƛƻǎȅƴǘƘŜǎƛǎ ŀǊŜ 

ƴǳŎƭŜŀǊ ŀƴŘ ƛǎ ǘƛƎƘǘƭȅ ǊŜƎǳƭŀǘŜŘ ώусϐΦ !ƭǘƘƻǳƎƘ Ƴƻǎǘ ŎƘƭƻǊƻǇƘȅƭƭ ōƛƻǎȅƴǘƘŜǎƛǎ-ǊŜƭŀǘŜŘ ƎŜƴŜǎ ƘŀǾŜ 

ōŜŜƴ ƛŘŜƴǘƛŦƛŜŘ ƛƴ /Φ ǊŜƛƴƘŀǊŘǘƛƛΣ ǘƘŜ ǇǊŜŎƛǎŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ǘƘƛǎ ǇŀǘƘǿŀȅ ǿƛǘƘƛƴ ŎƘƭƻǊƻǇƭŀǎǘǎ ƛǎ 

ǎǘƛƭƭ ƴƻǘ ŎƭŜŀǊΦ 

    ¢ƘŜ ǿƘƻƭŜ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎ ǇŀǘƘǿŀȅ Ŏŀƴ ōŜ ŘŜǎŎǊƛōŜŘ ōȅ ǘƘŜ ŦƻǊƳŀǘƛƻƴ ƻŦ ǘŜǘǊŀǇȅǊǊƻƭŜ 

ǊƛƴƎ ŀƴŘ ǘƘŜ ŀŘŘƛǘƛƻƴ ƻŦ ƛǎƻǇǊŜƴƻƛŘ ǇƘȅǘƻƭ ǘŀƛƭΦ CƛǊǎǘΣ ǘƘŜ ǳƴƛǾŜǊǎŀƭ ǘŜǘǊŀǇȅǊǊƻƭŜ ǇǊŜŎǳǊǎƻǊ р-

ŀƳƛƴƻƭŜǾǳƭƛƴƛŎ ŀŎƛŘ ό![!ύ ƛǎ ŦƻǊƳŜŘ ŦǊƻƳ ƎƭǳǘŀƳŀǘŜ ƛƴ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ώутϐΦ !ŦǘŜǊ ǘƘŜ 

ƳŀŎǊƻŎȅŎƭƛŎ ǘŜǘǊŀǇȅǊǊƻƭŜ ŦƻǊƳǎΣ ǘƘŜ ǇŀǘƘǿŀȅ Ƙŀǎ ǘǿƻ ōǊŀƴŎƘŜǎΥ ǘƘŜ άƻȄƛŘŀǘƛǾŜ ǇŀǘƘǿŀȅέ ǘƻ ŦƻǊƳ 

ǇǊƻǘƻǇƻǊǇƘȅǊƛƴ L·Τ ǘƘŜ άǊŜŘǳŎƛƴƎ ǇŀǘƘǿŀȅέ ǘƻ ƎŜƴŜǊŀǘŜ ǎƛǊƻƘŜƳŜ ŀǎ ŀƴƻǘƘŜǊ ƛƳǇƻǊǘŀƴǘ ǇǊƻŘǳŎǘ 

ƛƴ ǘƘŜ ǘŜǘǊŀǇȅǊǊƻƭŜ ǎȅƴǘƘŜǎƛǎ ώууϐΦ tǊƻǘƻǇƻǊǇƘȅǊƛƴ L· Ŏŀƴ ŜƛǘƘŜǊ ŦƻǊƳ ǇǊƻǘƻƘŜƳŜ ŀǎ ŀƴƻǘƘŜǊ ǎƛŘŜ 

ǇǊƻŘǳŎǘΣ ǿƛǘƘ ǘƘŜ ƛƴǎŜǊǘƛƻƴ ƻŦ CŜнҌ ōȅ ǇǊƻǘƻǇƻǊǇƘȅǊƛƴ L· ŦŜǊǊƻŎƘŜƭŀǘŀǎŜ όCŜ/ύ ώуфϐ ƻǊ ŎƻƴǘƛƴǳŜ 

ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎ ōȅ ǘƘŜ ƛƴǎŜǊǘƛƻƴ ƻŦ aƎнҌ ώфлϐ όCƛƎ мΦнύ Φ 

     IŜǊŜΣ L Ǉŀȅ ƳƻǊŜ ŀǘǘŜƴǘƛƻƴ ǘƻ ǘƘŜ ǎǘŜǇǎ ŦƻƭƭƻǿƛƴƎ ǇǊƻǘƻǇƻǊǇƘȅǊƛƴ L· ǎȅƴǘƘŜǎƛǎ ŀƴŘ aƎнҌ 

ƛƴǎŜǊǘƛƻƴΣ ǿƘƛŎƘ ŀǊŜ ǎǇŜŎƛŦƛŎ ǘƻ ŎƘƭƻǊƻǇƘȅƭƭ ōƛƻǎȅƴǘƘŜǎƛǎΦ  
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CƛƎǳǊŜ мΦн /ƘƭƻǊƻǇƘȅƭƭ ōƛƻǎȅƴǘƘŜǎƛǎΦ 

¢ƘŜ ǇǊƻŎŜǎǎ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎ ƘŀǇǇŜƴǎ ƛƴ ŎƘƭƻǊƻǇƭŀǎǘΦ {ǘǊƻƳŀ ƛǎ ǘƘŜ ƳŀƧƻǊ ƭƻŎŀǘƛƻƴ ǘƻ 

ƎŜƴŜǊŀǘŜ ǇǊƻǘƻǇƻǊǇƘȅǊƛƴ L· ŀƴŘ ǘƘŜ ƭŀǘǘŜǊ ǎǘŜǇǎ ǘƻ ƎŜƴŜǊŀǘŜ ŎƘƭƻǊƻǇƘȅƭƭ ǘŀƪŜ ǇƭŀŎŜ ƻƴ ǘƘŜ 

ƳŜƳōǊŀƴŜ ǎȅǎǘŜƳΦ tta¢Τ aƎ-tǊƻǘƻǇƻǊǇƘȅǊƛƴ L· ƳŜǘƘȅƭǘǊŀƴǎŦŜǊŀǎŜΣ 5±wΤ 5ƛǾƛƴȅƭ όǇǊƻǘƻύ 

ŎƘƭƻǊƻǇƘȅƭƭƛŘŜ у-Ǿƛƴȅƭ ǊŜŘǳŎǘŀǎŜΣ thwΤ ǇǊƻǘƻŎƘƭƻǊƻǇƘȅƭƛƭŘŜ ƻȄƛŘƻǊŜŘǳŎǘŀǎŜΦ  



14 

мΦоΦм /ƘŜƭŀǘƛƻƴ ƻŦ aƎнҌ 

      aƎнҌ ƛǎ ƛƴǎŜǊǘŜŘ ƛƴǘƻ ǇǊƻǘƻǇƻǊǇƘȅǊƛƴ L· ōȅ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ !¢t-ŘŜǇŜƴŘŜƴǘ aƎ-ŎƘŜƭŀǘŀǎŜ ώфмϐΦ 

¢ƘŜǊŜ ŀǊŜ ǘǿƻ ǎǘŜǇǎ ŦƻǊ aƎ ƛƴǎŜǊǘƛƻƴΥ ŀŎǘƛǾŀǘƛƻƴ ƻŦ aƎ-ŎƘƭŜƭŀǘŀǎŜ ŀƴŘ aƎ ŎƘŜƭŀǘƛƻƴΦ .ƻǘƘ ǎǘŜǇǎ 

ŀǊŜ !¢t ŘŜǇŜƴŘŜƴǘ ώфнϐΦ ¢ƘŜ ŜƴȊȅƳŜ Ƙŀǎ ŀ aƎнҌ-ŘŜǇŜƴŘŜƴǘ ƳŜƳōǊŀƴŜ ŀǎǎƻŎƛŀǘƛƻƴ ώфоϐΦ aƎ-

ŎƘŜƭŀǘŀǎŜ ƛǎ ǎȅƴǘƘŜǎƛȊŜŘ ƛƴ ǘƘŜ ŎȅǘƻǇƭŀǎƳ ŀƴŘ ƛƳǇƻǊǘŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ŜƴǾŜƭƻǇŜ ǘƻ ǘƘŜ ǎǘǊƻƳŀ 

ώфлϐΦ ¢ƘŜ ŜƴȊȅƳŜ ǿŀǎ ƻǊƛƎƛƴŀƭƭȅ ǘƘƻǳƎƘǘ ǘƻ ōŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŜƴǾŜƭƻǇŜ ƳŜƳōǊŀƴŜǎ ώфлϐΦ 

IƻǿŜǾŜǊΣ ƻǘƘŜǊǎ ŎƻƴǎƛŘŜǊ ǘƘŜ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜ ŀǎ ǘƘŜ ƳŀƧƻǊ ƭƻŎŀǘƛƻƴ ƻŦ aƎ-ŎƘŜƭŀǘŀǎŜΣ 

ŀƭǘƘƻǳƎƘ ƴƻ ŜǾƛŘŜƴŎŜ ǿŀǎ ǇǊƻǾƛŘŜŘ ǘƻ ǎǳǇǇƻǊǘ ǘƘƛǎ ƘȅǇƻǘƘŜǎƛǎ ώфнϐΦ ¢ƘŜǊŜ ŀǊŜ ǘƘǊŜŜ ǎǳōǳƴƛǘǎ ƻŦ 

ǘƘŜ aƎ-ŎƘŜƭŀǘŀǎŜ ŎƻƳǇƭŜȄΥ /I[5Σ /I[LΣ /I[IΦ ¢ƘŜǎŜ ŀǊŜ ŜƴŎƻŘŜŘ ōȅ ƴǳŎƭŜŀǊ ƎŜƴŜǎ ŀƴŘ ǘŀǊƎŜǘŜŘ 

ǘƻ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ƛƴ /Φ ǊŜƛƴƘŀǊŘǘƛƛ ώфпϐΦ ¢ƘŜ ŀōƻǾŜ-ƳŜƴǘƛƻƴŜŘ ǘƘǊŜŜ ǇǊƻǘŜƛƴǎ ŀǊŜ ǎǳŦŦƛŎƛŜƴǘ ŦƻǊ 

aƎ ŎƘŜƭŀǘƛƻƴΣ ƘƻǿŜǾŜǊΣ ǘƘŜǊŜ ƛǎ ŀƴƻǘƘŜǊ ŎƻŦŀŎǘƻǊ ǇǊƻǘŜƛƴ ǘƘŀǘ Ŏŀƴ ƎǊŜŀǘƭȅ ƛƴŎǊŜŀǎŜ ǘƘŜ aƎ 

ŎƘŜƭŀǘƛƻƴ ǊŀǘŜΤ D¦bп ώфрϐΦ 

мΦоΦн aŜǘƘȅƭŀǘƛƻƴ ƻŦ ǘƘŜ мооςǇǊƻǇƛƻƴŀǘŜ ŎŀǊōƻȄȅƭ ƎǊƻǳǇ ƻŦ aƎ-ǇǊƻǘƻǇƻǊǇƘȅǊƛƴ L· 

         aƎ-tǊƻǘƻǇƻǊǇƘȅǊƛƴ L· ƳŜǘƘȅƭǘǊŀƴǎŦŜǊŀǎŜ όtta¢ύ ŎŀǘŀƭȅȊŜŘ ǘƘŜ ƳŜǘƘȅƭŀǘƛƻƴ ƻŦ мооς

ǇǊƻǇƛƻƴŀǘŜ ŎŀǊōƻȄȅƭ ƎǊƻǳǇ ƻŦ aƎ-ǇǊƻǘƻǇƻǊǇƘȅǊƛƴ L·Φ ¢Ƙƛǎ ŜƴȊȅƳŜ ŀŎǘƛǾƛǘȅ ǿŀǎ ŦƻǳƴŘ ƛƴ ŦǊŀŎǘƛƻƴǎ 

ŎƻƴǘŀƛƴƛƴƎ ŜƛǘƘŜǊ ŜƴǾŜƭƻǇŜ ƻǊ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜǎ ώфнϐΦ tta¢ Ƙŀǎ ƛƳǇƻǊǘŀƴǘ ƛƴǘŜǊŀŎǘƛƻƴǎ ǿƛǘƘ 

aƎ-ŎƘŜƭŀǘŀǎŜ ώфсϐΦ ¢ƘŜȅ Ƴŀȅ ŀŎǘ ǘƻƎŜǘƘŜǊ ǘƻ ǊŜƎǳƭŀǘŜ ǘƘŜ ƛƴǘŜǊƳŜŘƛŀǘŜ aƎ-ǇǊƻǘƻǇƻǊǇƘȅǊƛƴ L·Φ 

¢ƘŜǊŜ ƛǎ ƻƴŜ ŎŀƴŘƛŘŀǘŜ ƎŜƴŜ ƛƴ /Φ ǊŜƛƴƘŀǊŘǘƛƛ ŜƴŎƻŘƛƴƎ tta¢Σ ƘƻǿŜǾŜǊΣ ǘƘŜǊŜ ŀǊŜ ƴƻ ǊŜǇƻǊǘǎ ƻŦ 

ǘƘŜ ŀŎǘƛǾƛǘȅ ƻŦ ǘƘƛǎ ǇǊƻǘŜƛƴ ƛƴ /Φ ǊŜƛƴƘŀǊŘǘƛƛ ώууϐΦ  

мΦоΦо CƻǊƳŀǘƛƻƴ ƻŦ ǘƘŜ ƛǎƻŎȅŎƭƛŎ ǊƛƴƎ 

¢ƘŜ aƎ-ǇǊƻǘƻǇƻǊǇƘȅǊƛƴ L· ƳƻƴƻƳŜǘƘȅƭ ŜǎǘŜǊ ƻȄƛŘŀǘƛǾŜ ŎȅŎƭŀǎŜ ƛǎ ǘƘŜ Ƴƻǎǘ ŎƻƳƳƻƴ 

ŜƴȊȅƳŜ ǘƘŀǘ ŦƻǊƳǎ ǘƘŜ ƛǎƻŎȅŎƭƛŎ ǊƛƴƎ ŦǊƻƳ мо-ƳŜǘƘȅƭǇǊƻǇƛƻƴŀǘŜΦ ¢ƘŜ aƎ-ǇǊƻǘƻǇƻǊǇƘȅǊƛƴ L· 
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ƳƻƴƻƳŜǘƘȅƭ ŜǎǘŜǊ ƛǎ ŎƻƴǾŜǊǘŜŘ ǘƻ ŘƛǾƛƴȅƭ-ǇǊƻǘƻŎƘƭƻǊƻǇƘȅƭƭƛŘŜΦ ¢ƘŜ /Φ ǊŜƛƴƘŀǊŘǘƛƛ ŎȅŎƭŀǎŜ ŀŎǘƛǾƛǘȅ 

ƛǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƳŜƳōǊŀƴŜǎΣ ƛƴƘƛōƛǘŜŘ ōȅ 95¢! ŀƴŘ ƻǘƘŜǊ ƳŜǘŀƭ ŎƘŜƭŀǘƻǊǎΣ ōǳǘ ǊŜŎƻǾŜǊŜŘ ōȅ 

ŀŘŘƛƴƎ CŜнҌ ώфтϐΦ ¢ƘŜǊŜ ƛǎ ŀƴ ƛƴŘƛŎŀǘƛƻƴ ǘƘŀǘ ǘƘŜ ŎȅŎƭŀǎŜ ƛǎ ƭƻŎŀƭƛȊŜŘ ǘƻ ǘƘŜ ƛƴƴŜǊ ŜƴǾŜƭƻǇŜ 

ƳŜƳōǊŀƴŜ ώфлϐΦ ¢ƘŜǊŜ ŀǊŜ ǘǿƻ ŎȅŎƭŀǎŜǎ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎΥ /I[нт! ό/w5мύ ŀƴŘ /Iнт. ό/¢IмύΦ 

/w5м ό/ƻǇǇŜǊ ǊŜǎǇƻƴǎŜ ŘŜŦŜŎǘ мύ ƛǎ ǘƘŜ ŎȅŎƭŀǎŜ ǘƘŀǘ ŀŎŎǳƳǳƭŀǘŜǎ ǳƴŘŜǊ ŎƻƴŘƛǘƛƻƴǎ ƻŦ ŜƛǘƘŜǊ 

ŎƻǇǇŜǊ-ŘŜŦƛŎƛŜƴŎȅ ŀƴŘ ƻȄȅƎŜƴ-ŘŜŦƛŎƛŜƴŎȅ ǿƘƛƭŜ /¢Iм ƛǎ ŜȄǇǊŜǎǎŜŘ ǳƴŘŜǊ ŎƻǇǇŜǊ-ǎǳŦŦƛŎƛŜƴǘ ŀƴŘ 

ƻȄȅƎŜƴŀǘŜŘ ŎƻƴŘƛǘƛƻƴǎ ώфуϐΦ 

мΦоΦп wŜŘǳŎǘƛƻƴ ƻŦ ǘƘŜ у-Ǿƛƴȅƭ ƎǊƻǳǇ 

5ƛǾƛƴȅƭ όǇǊƻǘƻύ ŎƘƭƻǊƻǇƘȅƭƭƛŘŜ у-Ǿƛƴȅƭ ǊŜŘǳŎǘŀǎŜ ό5±wύ ŎŀǘŀƭȅȊŜǎ ǘƘŜ ǊŜŘǳŎǘƛƻƴ ƻŦ ǘƘŜ у-Ǿƛƴȅƭ 

ƎǊƻǳǇ ƻŦ ǘƘŜ ǘŜǘǊŀǇȅǊǊƻƭŜ ǘƻ ŦƻǊƳ ŀƴ ŜǘƘȅƭ ƎǊƻǳǇΦ ¢ƘŜ ŀŎǘƛǾƛǘȅ ƻŦ 5±w ƛǎ ŘŜǘŜŎǘŜŘ ƻƴ ǘƘŜ ǇƭŀǎǘƛŘ 

ƳŜƳōǊŀƴŜΣ ōǳǘ ƴƻǘ ǘƘŜ ǎǘǊƻƳŀΣ ŀƴŘ ƛǘ ǊŜǉǳƛǊŜǎ b!5tI ŀǎ ǊŜŘǳŎǘŀƴǘ ώффϐ ώмллϐΦ ¢ƘŜ /Φ 

ǊŜƛƴƘŀǊŘǘƛƛ ƎŜƴƻƳŜ Ŏƻƴǘŀƛƴǎ ŀ ƎŜƴŜ ǘƘŀǘ ƛǎ ǇǊŜŘƛŎǘŜŘ ǘƻ ŜƴŎƻŘŜ 5±wΣ ŀƭǘƘƻǳƎƘ ǘƘƛǎ Ƙŀǎ ƴƻǘ ōŜŜƴ 

ŎƻƴŦƛǊƳŜŘ ŜȄǇŜǊƛƳŜƴǘŀƭƭȅ ώмлмϐΦ 

мΦоΦр wŜŘǳŎǘƛƻƴ ƻŦ ǇȅǊǊƻƭŜ ǊƛƴƎ 5 ƻŦ ǇǊƻǘƻŎƘƭƻǊƻǇƘȅƭƛŘŜ 

¢Ƙƛǎ ǎǘŜǇ ŎƻǾŜǊǘǎ ǘƘŜ ǇƻǊǇƘȅǊƛƴ ƳƻƭŜŎǳƭŜ ǇǊƻǘƻŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ŀ ƛƴǘƻ ǘƘŜ ŎƘƭƻǊƛƴ 

ŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ŀΦ Lƴ Ƴƻǎǘ ƎǊŜŜƴ ŀƭƎŀŜ ŀƴŘ ƎȅƳƴƻǎǇŜǊƳǎΣ ǘǿƻ ŘƛŦŦŜǊŜƴǘ ǇǊƻǘƻŎƘƭƻǊƻǇƘȅƭƛƭŘŜ 

ƻȄƛŘƻǊŜŘǳŎǘŀǎŜ όthwǎύ ŀǊŜ ƛƴǾƻƭǾŜŘ ŘŜǇŜƴŘƛƴƎ ƻƴ ƭƛƎƘǘΤ ƻƴŜ ƛǎ ƭƛƎƘǘ-ŘŜǇŜƴŘŜƴǘ ŀƴŘ ǘƘŜ ƻǘƘŜǊ 

ƭƛƎƘǘ-ƛƴŘŜǇŜƴŘŜƴǘΦ !ƴƎƛƻǎǇŜǊƳǎ ƘŀǾŜ ƻƴƭȅ ǘƘŜ ƭƛƎƘǘ-ŘŜǇŜƴŘŜƴǘ thwΦ  

мύ ƭƛƎƘǘ-ŘŜǇŜƴŘŜƴǘ thw 

[ƛƎƘǘ-ŘŜǇŜƴŘŜƴǘ thw ό[5-thwύ ƛǎ ŀ ǇŜǊƛǇƘŜǊŀƭ ƳŜƳōǊŀƴŜ-ŀǎǎƻŎƛŀǘŜŘ ǇǊƻǘŜƛƴ ŀƴŘ ƛǎ 

ŜƴŎƻŘŜŘ ōȅ ŀ ǎƛƎƴŀƭ ƴǳŎƭŜŀǊ ƎŜƴŜ ƛƴ ǘƘŜ /Φ ǊŜƛƴƘŀǊŘǘƛƛ ώмлнϐΦ [5-thw ƛǎ ŦƻǳƴŘ Ƴŀƛƴƭȅ ŀǎǎƻŎƛŀǘŜŘ 

ǿƛǘƘ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜǎ ŘǳǊƛƴƎ ǘƘŜ ƎǊŜŜƴƛƴƎ ǇǊƻŎŜǎǎΦ άDǊŜŜƴƛƴƎέ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ 
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ƻŦ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ŦǊƻƳ ŀ ǇǊƻǇƭŀǎǘƛŘ ƻǊΣ ƛƴ ŀƴƎƛƻǎǇŜǊƳ ǎŜŜŘƭƛƴƎǎΣ ǘƘŜ ŜǘƛƻǇƭŀǎǘ ώмлоϐΦ IƻǿŜǾŜǊΣ ƛƴ 

ǘƘŜ ƳŀǘǳǊŜ ŎƘƭƻǊƻǇƭŀǎǘΣ ǘƘŜ ŀƳƻǳƴǘ ƻŦ thw ŘǊƻǇǎ ŀƴŘ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ǎƘƛŦǘǎ ǘƻ ǘƘŜ ŜƴǾŜƭƻǇŜ 

ƳŜƳōǊŀƴŜ ώмлпϐΦ ¢ƘŜǊŜ ŀǊŜ ǎƻƳŜ ƻǘƘŜǊ ŜǾƛŘŜƴŎŜ ǘƻ ǎƘƻǿ ǘƘŀǘ [5-thw ƭƻŎŀƭƛȊŜŘ ŀǘ ǘƘŜ ƻǳǘŜǊ 

ƭŜŀŦƭŜǘ ƻŦ ǘƘŜ ƻǳǘŜǊ ŜƴǾŜƭƻǇŜ ƳŜƳōǊŀƴŜ ώмлрϐΦ ¢ƘŜ ŜƴȊȅƳŜ ŦƻǊƳǎ ŀ ǘƘǊŜŜ-ŎƻƳǇƻƴŜƴǘ ŎƻƳǇƭŜȄ 

ǿƛǘƘ b!5tI ŀƴŘ ǇǊƻǘƻŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ŀ ώмлсϐΦ ¢Ƙƛǎ ŎƻƳǇƭŜȄ Ŏŀƴ ŎƻƴǾŜǊǘ ǇǊƻǘƻŎƘƭƻǊƻǇȅƭƭƛŘŜ ǘƻ 

ŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ƛƴ ŀ ǊŜŀŎǘƛƻƴ ǊŜǉǳƛǊƛƴƎ ŀ ǇƘƻǘƻƴΦ 

2) ƭƛƎƘǘ-ƛƴŘŜǇŜƴŘŜƴǘ thw  

¢ƘǊŜŜ ŎƘƭƻǊƻǇƭŀǎǘ ƎŜƴŜǎ- ŎƘƭ.Σ ŎƘƭ[ ŀƴŘ ŎƘƭb ŜƴŎƻŘŜ ǎǳōǳƴƛǘǎ ƻŦ ǘƘŜ ƭƛƎƘǘ-ƛƴŘŜǇŜƴŘŜƴǘ 

thwΤ ǿƘƛŎƘ ŎŀǘŀƭȅȊŜǎ ǘƘŜ ǊŜŘǳŎǘƛƻƴ ƻŦ ǊƛƴƎ 5 ƛƴ ǘƘŜ ǇǊƻǘƻŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ώмлтϐΦ /Ƙƭ[ ƛǎ ƴƻǘ 

ŜǎǎŜƴǘƛŀƭ ŦƻǊ ǘƘŜ ǇǊƻǘƻŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ǊŜŘǳŎǘƛƻƴ ŀƴŘ Ŏŀƴ ōŜ ǊŜǇƭŀŎŜŘ ōȅ ŀƴƻǘƘŜǊ ǇǊƻǘŜƛƴ ƛƴ ŀ 

ƭƛƳƛǘŜŘ ƭŜǾŜƭ ǎƛƴŎŜ ŀ /Ƙƭ[-ŘŜŦƛŎƛŜƴǘ Ƴǳǘŀƴǘ ƻŦ {ȅƴŜŎƘƻŎȅǎǘƛǎ όŀ ŎȅŀƴƻōŀŎǘŜǊƛŀύ Ŏŀƴ ǎȅƴǘƘŜǎƛȊŜ ŀ 

ǎƳŀƭƭ ŀƳƻǳƴǘ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ώмлуϐΦ 

/Ƙƭ. ŀƴŘ /Ƙƭb ŜȄƛǎǘ ƛƴ ŎŜƭƭǎ ŎǳƭǘǳǊŜŘ ƛƴ ǘƘŜ ƭƛƎƘǘΣ ǿƘƛƭŜ /Ƙƭ[ ƛǎ ƻƴƭȅ ǇǊŜǎŜƴǘ ƛƴ ŎŜƭƭǎ ŎǳƭǘǳǊŜŘ 

ƛƴ ǘƘŜ ŘŀǊƪ ƻǊ ǳƴŘŜǊ ƭƻǿ ƭƛƎƘǘΣ ŀƭǘƘƻǳƎƘ ǘƘŜ ǘǊŀƴǎŎǊƛǇǘ ƭŜǾŜƭ ƻŦ ǘƘŜǎŜ ǇǊƻǘŜƛƴǎ ŀǊŜ ŀƭƳƻǎǘ ǘƘŜ 

ǎŀƳŜ ƛƴ ōƻǘƘ ƭƛƎƘǘ ŀƴŘ ŘŀǊƪ ώмлфϐΦ Lƴ ǘƘŜ ƭƛƎƘǘ-ŎǳƭǘǳǊŜŘ ŎŜƭƭǎΣ ƛǘ ƛǎ ǇǊƻǇƻǎŜŘ ǘƘŀǘ ǘƘŜ ǘǊŀƴǎƭŀǘƛƻƴ 

ƻŦ /Ƙƭ[ ƛǎ ōƭƻŎƪŜŘ ōȅ ǘƘŜ ŜƴŜǊƎȅ ǎǘŀǘŜ ŀƴŘ ǊŜŘƻȄ ǇƻƛǎŜ ƛƴ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ /Iƭ[ ƛǎ 

ŘŜǎǘŀōƛƭƛȊŜŘ ōȅ ǘƘŜ ǇǊƻŘǳŎǘƛƻƴ ƻŦ hн ƛƴ cyanobacterium Leptolyngbya boryana ώммлϐΦ {ƻƳŜ [5-

thw Ƴǳǘŀƴǘǎ Ŏŀƴƴƻǘ ƎǊƻǿ ǳƴŘŜǊ ƘƛƎƘ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ǳƴƭŜǎǎ ŀǘ ǾŜǊȅ ƭƻǿ hн ŎƻƴŎŜƴǘǊŀǘƛƻƴ ώммлϐΦ 

IƻǿŜǾŜǊΣ ŀ /Φ ǊŜƛƴƘŀǊŘǘƛƛ [5-thw-ŘŜŦƛŎƛŜƴǘ Ƴǳǘŀƴǘ ŀŎŎǳƳǳƭŀǘŜǎ ŀōƻǳǘ ƘŀƭŦ ŀǎ ƳǳŎƘ ŎƘƭƻǊƻǇƘȅƭƭ 

ŀǎ ǿƛƭŘ ǘȅǇŜ ƛƴ ǘƘŜ ƭƛƎƘǘΣ ǿƘƛŎƘ ƳŜŀƴǎ ǘƘŜ ƭƛƎƘǘ-ƛƴŘŜǇŜƴŘŜƴǘ ǎȅǎǘŜƳ ƛǎ ƳƻǊŜ ǊŜǎƛǎǘŀƴǘ ǘƻ hн 

ώмммϐΦ 

Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ǘƘŜ ǇƭŀǎǘƛŘ ŜƴŎƻŘŜŘ /Ƙƭ.Σ /Ƙƭb ŀƴŘ /Ƙƭ[Σ ǘƘŜ ƭƛƎƘǘ-ƛƴŘŜǇŜƴŘŜƴǘ ǇŀǘƘǿŀȅ 
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ǊŜǉǳƛǊŜǎ ƴǳŎƭŜǳǎ-ŜƴŎƻŘŜŘ ŎƻƳǇƻƴŜƴǘǎ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎΦ !ǘ ƭŜŀǎǘ т ƴǳŎƭŜŀǊ ƭƻŎƛΣ ȅмΣ ȅр-ȅмл 

ŀǊŜ ǊŜǉǳƛǊŜŘ ŦƻǊ ǘƘŜ ƭƛƎƘǘ-ƛƴŘŜǇŜƴŘŜƴǘ ǎȅǎǘŜƳΦ aǳǘŀǘƛƻƴǎ ŀǘ ǘƘŜǎŜ ƭƻŎƛ ŎŀǳǎŜ ǘƘŜ ŀŎŎǳƳǳƭŀǘƛƻƴ 

ƻŦ ǇǊƻǘƻŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ƛƴ ǘƘŜ ŘŀǊƪ ώммнϐΦ ̧ Ƴǳǘŀƴǘǎ ŀŎŎǳƳǳƭŀǘŜ /Ƙƭ. ŀƴŘ /ƘƭbΣ ŀƴŘ ƭŀŎƪ /Ƙƭ[ 

ŜȄŎŜǇǘ ȅт Ƴǳǘŀƴǘ ώмлфϐΦ ¢ƘŜ ȅ ƎŜƴŜ ǇǊƻŘǳŎǘǎ ŀǊŜ ǊŜǉǳƛǊŜŘ ŦƻǊ ǘǊŀƴǎƭŀǘƛƻƴ ƻŦ ǘƘŜ /Ƙƭ[ ƻǊ ŦƻǊ ǘƘŜ 

ǎȅƴǘƘŜǎƛǎ ƻŦ ǎƻƳŜ ƳŜǘŀƭ ŎƭǳǎǘŜǊǎ ǿƘƛŎƘ ŀǊŜ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ /Ƙƭ.-/Ƙƭb ŎƻƳǇƭŜȄ ŀƴŘ /Ƙƭ[ ώммоϐΦ 

      ²Ƙȅ ƛǎ ƭƛƎƘǘ-ŘŜǇŜƴŘŜƴǘ ǇǊƻǘƻŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ǊŜŘǳŎǘƛƻƴ ƴŜŜŘŜŘ ƛƴ ƻǊƎŀƴƛǎƳǎ ǘƘŀǘ Ŏŀƴ ŦƻǊƳ 

ŎƘƭƻǊƻǇƘȅƭƭ ǿƛǘƘƻǳǘ ƭƛƎƘǘΚ CƛǊǎǘΣ [5-thw ƛǎ ƳƻǊŜ ŜŦŦƛŎƛŜƴǘ ǘƘŀƴ ǘƘŜ ƭƛƎƘǘ ƛƴŘŜǇŜƴŘŜƴǘ ŜƴȊȅƳŜ 

ώммпϐΦ {ŜŎƻƴŘƭȅΣ [5-thw Ƙŀǎ ŀ ǎƛƎƴŀƭƛƴƎ ŦǳƴŎǘƛƻƴ ǿƛǘƘ ǘƘŜ ƭƛƎƘǘ ƛƴŘǳŎǘƛƻƴΦ ¢ƘŜ ŀŎǘƛǾŀǘƛƻƴ ƻŦ [5-

thw ōȅ ƭƛƎƘǘ Ƴŀȅ ƎŜƴŜǊŀǘŜ ŀ ǎƛƎƴŀƭ ǿƛǘƘƛƴ ŎŜƭƭǎ ŀƴŘ ƭŜǘ ǘƘŜƳ ƛƴƛǘƛŀǘŜ ǘƘŜ ƻǘƘŜǊ ǊŜŀŎǘƛƻƴǎ ƛƴ ƻǊŘŜǊ 

ǘƻ ŀŘŀǇǘ ǘƻ ƭƛƎƘǘ ώммпϐΦ 

мΦоΦс tƘȅǘȅƭŀǘƛƻƴ 

       9ǎǘŜǊƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ мт-ǇǊƻǇƛƻƴƛŎ ŀŎƛŘ ǿƛǘƘ ǘƘŜ /нл ǇƻƭȅƛǎƻǇǊŜƴŜ ŀƭŎƻƘƻƭ ǇƘȅǘƻƭ ƛǎ ǘƘŜ ƭŀǎǘ 

ǎǘŜǇ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ŀ ŦƻǊƳŀǘƛƻƴΦ !ŦǘŜǊ ǘƘŜ ŜǎǘŜǊƛŦƛŎŀǘƛƻƴΣ ǘƘŜ ǇƛƎƳŜƴǘ-ōƻǳƴŘ ƎŜǊŀƴȅƭƎŜǊŀƴȅƭ ƛǎ 

ǊŜŘǳŎŜŘ ŀǘ ǘƘŜ ǘƘǊŜŜ Ǉƻǎƛǘƛƻƴǎ ǿƛǘƘ b!5tI ŀƴŘ !¢t ώммрΣ ммсϐΦ ! ǎƛƴƎƭŜ ǘƘȅƭŀƪƻƛŘ-ƭƻŎŀƭƛȊŜŘ 

ŜǎǘŜǊƛŦȅƛƴƎ ŜƴȊȅƳŜΣ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŀǎŜ ό/I{ύ ƛǎ ǊŜǉǳƛǊŜŘ ŦƻǊ ǘƘƛǎ ǎǘŜǇ ώммтϐΦ 

мΦоΦтΦ .ƛƻǎȅƴǘƘŜǎƛǎ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ō 

hн ƛǎ ǊŜǉǳƛǊŜŘ ǘƻ ŦƻǊƳ ŎƘƭ ō ŦǊƻƳ ŎƘƭ ŀΦ ¢Ƙƛǎ ƛǎ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ ŦƛƴŘƛƴƎ ǘƘŀǘ ŀƭƭ ŎƘƭ ō-

ŎƻƴǘŀƛƴƛƴƎ ƻǊƎŀƴƛǎƳǎ ŀǊŜ ŀŜǊƻōƛŎ ώммуΣ ммфϐΦ /Ƙƭ ō ŀŎŎƻǳƴǘǎ ŦƻǊ мр-нл҈ ƻŦ ǘƘŜ ǘƻǘŀƭ ŎƘƭƻǊƻǇƘȅƭƭ 

ŎƻƴǘŜƴǘ ƛƴ Ǉƭŀƴǘǎ ŀƴŘ ƎǊŜŜƴ ŀƭƎŀŜΦ  Lǘ ŀōǎƻǊōǎ ǘƘŜ ƭƛƎƘǘ ƛƴ ǘƘŜ ǎǇŜŎǘǊǳƳ ƻŦ пнр ƴƳ ǘƻ птр ƴƳ ǘƻ 

ǎǳǇǇƭŜƳŜƴǘ ŎƘƭ ŀΣ ōǳǘ ƛǘ ƛǎ ƴƻǘ ŜǎǎŜƴǘƛŀƭ ŦƻǊ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎΦ ¢ƘŜ /!h ƎŜƴŜ όŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ŀ 

ƻȄƛŘŀǎŜύ ƛǎ ƴŜŎŜǎǎŀǊȅ ŦƻǊ ŎƘƭ ō ŀŎŎǳƳǳƭŀǘƛƻƴ ŀƴŘ ƛǘǎ рм ƪ5ŀ ǇǊƻŘǳŎǘΣ /!hΣ ǇǊŜŦŜǊǎ ŎƘƭƻǊƻǇƘȅƭƭƛŘŜ 

ŀ ƻǾŜǊ ŎƘƭƻǊƻǇƘȅƭƭ ŀ ŀǎ ǎǳōǎǘǊŀǘŜ ώмнлΣ мнмϐΦ 
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мΦп ¢ƻƻƭǎ ŀƴŘ ǘŜŎƘƴƛǉǳŜǎ ŀǾŀƛƭŀōƭŜ ŦƻǊ /Φ ǊŜƛƴƘŀǊŘǘƛƛ ǊŜǎŜŀǊŎƘ 

       aŀƴȅ ǊŜǎŜŀǊŎƘ ǘƻƻƭǎ ƘŀǾŜ ōŜŜƴ ŘŜǾŜƭƻǇŜŘ ŦƻǊ /Φ ǊŜƛƴƘŀǊŘǘƛƛ ǳǎƛƴƎ ǘƘŜ ŀǇǇǊƻŀŎƘŜǎ ƻŦ ŎŜƭƭ ŀƴŘ 

ƳƻƭŜŎǳƭŀǊ ōƛƻƭƻƎȅΣ ōƛƻŎƘŜƳƛǎǘǊȅΣ ƎŜƴŜǘƛŎǎΣ ŀƴŘ ōƛƻǇƘȅǎƛŎǎ ώмннΣ мноϐΦ /Φ ǊŜƛƴƘŀǊŘǘƛƛ ƛǎ ƛŘŜŀƭ ŦƻǊ 

ƎŜƴŜǘƛŎ ŀƴŀƭȅǎŜǎ ƻŦ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ōŜŎŀǳǎŜ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ-ŘŜŦƛŎƛŜƴǘ Ƴǳǘŀƴǘǎ ŀǊŜ Ŧǳƭƭȅ ǾƛŀōƭŜ 

ǿƘŜƴ ǇǊƻǾƛŘŜŘ ǿƛǘƘ ŀ ǊŜŘǳŎŜŘ ŎŀǊōƻƴ ǎƻǳǊŎŜ ŦƻǊ ŜƴŜǊƎȅ όǘȅǇƛŎŀƭƭȅ ŀŎŜǘŀǘŜύΦ {ŜȄǳŀƭ ǊŜǇǊƻŘǳŎǘƛƻƴ 

ōȅ /Φ ǊŜƛƴƘŀǊŘǘƛƛ ǿŀǎ ŦƛǊǎǘ ŦƻǳƴŘ ƛƴ мутр ŀƴŘ Ƙŀǎ ŀƭƭƻǿŜŘ ƎŜƴŜǘƛŎ ŀƴŀƭȅǎŜǎ ώмϐΦ ¢ƘŜ ǎŜȄǳŀƭ ŎȅŎƭŜ 

Ŏŀƴ ōŜ ƛƴŘǳŎŜŘ ōȅ ƴƛǘǊƻƎŜƴ ŘŜǇǊƛǾŀǘƛƻƴ ǿƘƛŎƘ ƛƴŘǳŎŜǎ ƘŀǇƭƻƛŘ ǾŜƎŜǘŀǘƛǾŜ ŎŜƭƭǎ ǘƻ ŘƛŦŦŜǊŜƴǘƛŀǘŜ 

ƛƴǘƻ ƎŀƳŜǘŜǎΦ DŀƳŜǘŜǎ ƻŦ ƻǇǇƻǎƛǘŜ ƳŀǘƛƴƎ-ǘȅǇŜ ŦǳǎŜ ǘƻ ŦƻǊƳ ǘƘŜ ŘƛǇƭƻƛŘ ȊȅƎƻǘŜǎΣ ǿƘƛŎƘ ǘƘŜƴ 

ǳƴŘŜǊƎƻ ƳŜƛƻǎƛǎ ǘƻ ŦƻǊƳ ŦƻǳǊ ƘŀǇƭƻƛŘ ǇǊƻƎŜƴȅΦ ¢ƘŜǎŜ ōŜƎƛƴ ŀǎ ǎǇƻǊŜǎ ǿƛǘƘƛƴ ŀƴ ŀǎŎǳǎΦ 

¢ƘŜǊŜŦƻǊŜΣ ǘŜǘǊŀŘ ŀƴŀƭȅǎƛǎ ƛǎ ǇƻǎǎƛōƭŜΦ ±ŜƎŜǘŀǘƛǾŜ ǇǊƻƎŜƴȅ ŘŜǾŜƭƻǇǎ ŦǊƻƳ ǘƘŜ ǎǇƻǊŜǎ ŀƴŘ ǘƘŜƴ 

ŘƛǾƛŘŜ ōȅ ƳƛǘƻǎƛǎΦ ²ƘƛƭŜ ǘǊŀƛǘǎ ŜƴŎƻŘŜŘ ōȅ ƴǳŎƭŜŀǊ ƎŜƴŜǎ ǎƘƻǿ aŜƴŘŜƭƛŀƴ ƛƴƘŜǊƛǘŀƴŎŜΣ 

ŎƘƭƻǊƻǇƭŀǎǘ ƎŜƴŜǎ ŀǊŜ ƛƴƘŜǊƛǘŜŘ ǳƴƛǇŀǊŜƴǘŀƭƭȅΤ ƛΦŜΦ ƻƴƭȅ ŦǊƻƳ ǘƘŜ ƳŀǘƛƴƎ-ǘȅǇŜ Ǉƭǳǎ ǇŀǊŜƴǘ ώмнпϐΦ 

aŀƴȅ Ƴǳǘŀƴǘ ǎǘǊŀƛƴǎ ŀǊŜ ŀǾŀƛƭŀōƭŜ ǿƘƛŎƘ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ƛŘŜƴǘƛŦȅ ƎŜƴŜ ŦǳƴŎǘƛƻƴǎΦ CƻǊ ŜȄŀƳǇƭŜΣ 

ƎŜƴŜǎ ƛƴ ƴƛǘǊƻƎŜƴ ŀǎǎƛƳƛƭŀǘƛƻƴ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘ ŦƛǊǎǘ ǘƘǊƻǳƎƘ Ƴǳǘŀƴǘǎ ǿƛǘƘ ŀƭǘŜǊŜŘ ǊŜǎǇƻƴǎŜǎ ǘƻ 

ƴƛǘǊƻƎŜƴ ŀǾŀƛƭŀōƛƭƛǘȅ ώмнрϐΦ  

       aŀƴȅ ŜȄŎŜƭƭŜƴǘ ǇǊƻǘƻŎƻƭǎ ŦƻǊ ōƛƻŎƘŜƳƛŎŀƭ ŀƴŀƭȅǎŜǎ ŀƴŘ ŎŜƭƭǳƭŀǊ ǎǳōŦǊŀŎǘƛƻƴŀǘƛƻƴ ŀǊŜ 

ŀǾŀƛƭŀōƭŜ ώмлϐΦ ¢ƘŜ ŀōƛƭƛǘȅ ǘƻ ƻōǘŀƛƴ ƭŀǊƎŜ ŀƳƻǳƴǘǎ ƻŦ ŎŜƭƭǎ ŦǊƻƳ ƭƛǉǳƛŘ ŎǳƭǘǳǊŜǎ ƳŀƪŜǎ ƛǘ Ŝŀǎȅ ǘƻ 

ƎŜƴŜǊŀǘŜ ƳŀǘŜǊƛŀƭ ŦƻǊ ǘƘŜǎŜ ŀǇǇǊƻŀŎƘŜǎΦ {ǘŀƴŘŀǊŘ ǘŜŎƘƴƛǉǳŜǎ ŀǊŜ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǘƘŜ ƛǎƻƭŀǘƛƻƴ ƻŦ 

ŎƘƭƻǊƻǇƭŀǎǘǎ ŀƴŘ ƻǘƘŜǊ ŎƻƳǇŀǊǘƳŜƴǘǎΤ ƘƻǿŜǾŜǊΣ ŎƘƭƻǊƻǇƭŀǎǘ ƛǎƻƭŀǘƛƻƴ ƛǎ ŜǎǇŜŎƛŀƭƭȅ ǇǊƻƴŜ ǘƻ 

ŎƻƴǘŀƳƛƴŀǘƛƻƴ ōȅ ƻǘƘŜǊ ƻǊƎŀƴŜƭƭŜǎΦ hƴŜ Ŏŀƴ ŀƭǎƻ ǘǊŀƴǎŦƻǊƳ ǘƘŜ ƎŜƴƻƳŜǎ ƻŦ ǘƘŜ ƴǳŎƭŜǳǎ ŀƴŘ ǘƘŜ 

ŎƘƭƻǊƻǇƭŀǎǘΣ ŀƴŘ ǘƘƛǎ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ŘƛǎǊǳǇǘ ŎƘƭƻǊƻǇƭŀǎǘ ƎŜƴŜǎ ōȅ ƘƻƳƻƭƻƎƻǳǎ ǊŜŎƻƳōƛƴŀǘƛƻƴ 

ώмнсΣ мнтϐ  
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мΦр /Φ ǊŜƛƴƘŀǊŘǘƛƛ ŀǎ ŀ ƳƻŘŜƭ ƻǊƎŀƴƛǎƳ ŦƻǊ ǎǘǳŘȅƛƴƎ ǎǘǊŜǎǎ ǊŜǎǇƻƴǎŜǎ 

 /Φ ǊŜƛƴƘŀǊŘǘƛƛ ƛǎ ŀƭǎƻ ŀƴ ŜȄŎŜƭƭŜƴǘ ƳƻŘŜƭ ǎȅǎǘŜƳ ǘƻ ǊŜǎŜŀǊŎƘ ǎǘǊŜǎǎ ǊŜǎǇƻƴǎŜǎΦ /Φ ǊŜƛƴƘŀǊŘǘƛƛ 

ŎŜƭƭǎ ŀŘŀǇǘ ǉǳƛŎƪƭȅ ǘƻ ŎƘŀƴƎƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘǎ ŀƴŘ ƘŀǾŜ ŀƴ ŜȄǘŜƴǎƛǾŜ ǊŜǇŜǊǘƻƛǊŜ ƻŦ ŜƴȊȅƳŜǎ ŀƴŘ 

ƳŜǘŀōƻƭƛŎ ǇŀǘƘǿŀȅǎ ǘƘŀǘ ŀǊŜ ŎƻƴǎŜǊǾŜŘ ǘƘǊƻǳƎƘ ŜǾƻƭǳǘƛƻƴΦ ¢ƘŜǊŜŦƻǊŜΣ ǊŜǎŜŀǊŎƘ ǿƛǘƘ /Φ 

ǊŜƛƴƘŀǊŘǘƛƛ Ŏŀƴ ǊŜǾŜŀƭ ŎƻƴǎŜǊǾŜŘ ŦǳƴŘŀƳŜƴǘŀƭ ǇǊƛƴŎƛǇƭŜǎ ƻŦ ǎǘǊŜǎǎ ǇƘȅǎƛƻƭƻƎȅΦ Dƭƻōŀƭ ƎŜƴŜ 

ŜȄǇǊŜǎǎƛƻƴ ǊŜǎǇƻƴǎŜǎ ǘƻ ǎǘǊŜǎǎ ƛƴŘǳŎŜŘ ōȅ ƘƛƎƘ ƛƴǘŜƴǎƛǘȅ ƭƛƎƘǘΣ wh{Σ ŀƴŘ ŘŜŦƛŎƛŜƴŎȅ ŦƻǊ ƳŜǘŀƭǎΣ 

ǇƘƻǎǇƘŀǘŜ ŀƴŘ ǎǳƭŦǳǊ ƘŀǾŜ ōŜŜƴ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ƳƛŎǊƻŀǊǊŀȅ ŀƴŀƭȅǎŜǎ ŀƴŘ ǊŜŎŜƴǘƭȅ wb!-ǎŜǉ ώоΣ 

мнуϐΦ /Φ ǊŜƛƴƘŀǊŘǘƛƛ ƛǎ ŀƭǎƻ ŜƳŜǊƎƛƴƎ ŀǎ ŀ ǇƻǇǳƭŀǊ ƳƻŘŜƭ ǎȅǎǘŜƳ ŦƻǊ ǎǘǳŘƛŜǎ ƻŦ ƳŜǘŀƭ ǘƻȄƛŎƛǘȅ ŀƴŘ 

ǘƻƭŜǊŀƴŎŜ ǘƻ ǘƻȄƛŎ ǘǊŀŎŜ ƳŜǘŀƭǎΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ŎŀŘƳƛǳƳ ώмнф-мооϐΦ 

мΦс wŜŀŎǘƛǾŜ ƻȄȅƎŜƴ ǎǇŜŎƛŜǎ όwh{ύΣ wb! ƻȄƛŘŀǘƛƻƴ ŀƴŘ wbtǎ 

мΦсΦм wh{ ŀƴŘ wb! ƻȄƛŘŀǘƛƻƴ 

hȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎ Ŏŀƴ ƻŎŎǳǊ ƛƴ ŀƴȅ ƻǊƎŀƴƛǎƳ ǿƘŜƴ ŀ ōƛƻǘƛŎ ƻǊ ŀōƛƻǘƛŎ ŎƻƴŘƛǘƛƻƴ ŎŀǳǎŜǎ ǘƘŜ 

ǇǊƻŘǳŎǘƛƻƴ ƻŦ ǊŜŀŎǘƛǾŜ ƻȄȅƎŜƴ ǎǇŜŎƛŜǎ όwh{ύ ƛƴ ŜȄŎŜǎǎ ƻŦ ǘƘŜ ŎŀǇŀŎƛǘȅ ƻŦ ŀƴǘƛƻȄƛŘŀƴǘ ǎȅǎǘŜƳǎ ǘƻ 

ŘŜǘƻȄƛŦȅ ǘƘŜƳΦ wh{ ŀǊŜ ǎǇŜŎƛŀƭ ŦƻǊƳǎ ƻŦ ƻȄȅƎŜƴ όhнύΣ ƛƴŎƭǳŘƛƴƎ ƘȅŘǊƻƎŜƴ ǇŜǊƻȄƛŘŜ όIнhнύΣ 

ǎǳǇŜǊƻȄƛŘŜ (O2
-
)Σ hydroxyl radical (.

HO), ŀƴŘ ǎƛƴƎƭŜǘ oxygen όhнϝύ ώмопϐΦ Lƴ ŎƘƭƻǊƻǇƭŀǎǘǎ 

ŜƭŜŎǘǊƻƴǎ Ŏŀƴ ōŜ ŘƛǊŜŎǘŜŘ ŦǊƻƳ t{L in ŀƴ ŀƭǘŜǊƴŀǘƛǾŜ ŜƭŜŎǘǊƻƴ ǘǊŀƴǎǇƻǊǘ ǇŀǘƘǿŀȅ ǿƘƛŎƘ ǎƘǳƴǘǎ 

ŜƭŜŎǘǊƻƴǎ ǘƻ hн ǘƻ ŦƻǊƳ ǿŀǘŜǊΣ ƛƴ ƻǊŘŜǊ ǘƻ ǊŜƭƛŜǾŜ ƻǾŜǊ-ǊŜŘǳŎǘƛƻƴ ƻŦ ƛƴǘŜǊƳŜŘƛŀǘŜǎ ƛƴ ǘƘŜ 

ǇƘƻǘƻǎȅƴǘƘŜǘƛŎ ŜƭŜŎǘǊƻƴ ǘǊŀƴǎǇƻǊǘ ǎȅǎǘŜƳ ώроϐΦ O2
- ƛǎ ŦƻǊƳŜŘ ŀǎ ǘƘŜ ǇǊƛƳŀǊȅ ǇǊƻŘǳŎǘ ƻŦ ƻȄȅƎŜƴ 

ǊŜŘǳŎǘƛƻƴ ǿƘƛŎƘ ƛǎ ŎƻƴǾŜǊǘŜŘ ǘƻ Iнhн ōȅ ǎǳǇŜǊƻȄƛŘŜ ŘƛǎƳǳǘŀǎŜΦ  ¢ƘŜ Iнhн ƛǎ ǘƘŜƴ ŎƻƴǾŜǊǘŜŘ ǘƻ 

ǿŀǘŜǊ ōȅ ascorbate peroxidase (APX). {ƻƳŜ ƻŦ ǘƘŜ O2
- Ŏŀƴ ōŜ ŎƻƴǾŜǊǘŜŘ ǘƻ ǘƘŜ ƘƛƎƘƭȅ ǘƻȄƛŎ .

HO. 

The point here is that ROS are intermediates in an alternate electron transport pathway and can 

potentially cause oxidative damage to cellular components. wh{ ŀǊŜ ŀƭǎƻ ǇǊƻŘǳŎŜŘ ŘǳǊƛƴƎ 
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ǾŀǊƛƻǳǎ ǎǘǊŜǎǎ ŎƻƴŘƛǘƛƻƴǎΣ ŜΦƎΦ ŜȄǇƻǎǳǊŜ ǘƻ ƘƛƎƘ ƛƴǘŜƴǎƛǘȅ ƻǊ ǳƭǘǊŀǾƛƻƭŜǘ ƭƛƎƘǘΣ ƘƛƎƘ ǘŜƳǇŜǊŀǘǳǊŜ 

ǎǘǊŜǎǎ όƘŜŀǘ ǎƘƻŎƪύΣ ƘȅǇŜǊƻǎƳƻǘƛŎ ǎǘǊŜǎǎΣ ƴǳǘǊƛŜƴǘ ŘŜǇǊƛǾŀǘƛƻƴ ŀƴŘ ƘŜŀǾȅ ƳŜǘŀƭ ώморϐΦ 9ȄŎŜǎǎƛǾŜ 

wh{ ŀǊŜ ǘƻȄƛŎ ōŜŎŀǳǎŜ ǘƘŜȅ ƛƴŘǳŎŜ ƻȄƛŘŀǘƛǾŜ ŘŀƳŀƎŜ ƻŦ ŘƛǾŜǊǎŜ ƳƻƭŜŎǳƭŜǎΤ ǘƘŜǊŜōȅ ŀŦŦŜŎǘƛƴƎ 

ǇƘȅǎƛƻƭƻƎȅ ŀǘ ŀƭƭ ƭŜǾŜƭǎΣ ŦǊƻƳ ƳƻƭŜŎǳƭŜǎ ǘƻ ƻǊƎŀƴ ǎȅǎǘŜƳǎΦ LƴŘŜŜŘΣ wh{ ŘŀƳŀƎŜ Ƙŀǎ ōŜŜƴ 

ǇǊƻǇƻǎŜŘ ǘƻ ōŜ ŀƴ ǳƴŘŜǊƭȅƛƴƎ ŎŀǳǎŜ ƻŦ ŀƎƛƴƎ ŀƴŘ Ƴŀƴȅ ŘƛǎŜŀǎŜǎΣ ƛƴŎƭǳŘƛƴƎ ŎŀƴŎŜǊ ŀƴŘ 

ƴŜǳǊƻŘŜƎŜƴŜǊŀǘƛǾŜ ŘƛǎŜŀǎŜǎ ώмосϐΦ  

 Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ǘƘŜƛǊ ŀŘǾŜǊǎŜ ŀƴŘ ǘƻȄƛŎ ŜŦŦŜŎǘǎΣ ǘƘŜ ǎǘŜŀŘȅ-ǎǘŀǘŜ ƭŜǾŜƭ ƻŦ wh{ Ŏŀƴ ōŜ ǳǎŜŘ 

ǘƻ ƳƻƴƛǘƻǊ ǘƘŜ ǎǘǊŜǎǎ ƭŜǾŜƭǎ ŜȄǇŜǊƛŜƴŎŜŘ ōȅ ǇƭŀƴǘǎΦ {ƛƴŎŜ ǘƘŜ ƻǾŜǊ-ŀŎŎǳƳǳƭŀǘƛƻƴ ƻŦ wh{ Ŏŀƴ 

ǊŜǎǳƭǘ ƛƴ ŎŜƭƭ ŘŜŀǘƘΣ ǘƘŜƛǊ ƭŜǾŜƭǎ Ƴǳǎǘ ōŜ ƪŜǇǘ ǳƴŘŜǊ ǘƛƎƘǘ ŎƻƴǘǊƻƭΣ ŀ ǇǊƻŎŜǎǎ ŎŀƭƭŜŘ wh{ 

ƘƻƳŜƻǎǘŀǎƛǎ ώмопϐΦ /Ŝƭƭǎ ƘŀǾŜ ŀƴǘƛƻȄƛŘŀƴǘ ǎȅǎǘŜƳǎ ǘƘŀǘ ǎŎŀǾŜƴƎŜ ŀƴŘ ŘŜǘƻȄƛŦȅ ƛƴǘŜǊŎŜƭƭǳƭŀǊ wh{Φ 

Lƴ ŎƘƭƻǊƻǇƭŀǎǘǎΣ ǘƘŜǎŜ ƛƴŎƭǳŘŜ ǘƘŜ ŜƴȊȅƳŜǎ ǎǳǇŜǊƻȄƛŘŜ ŘƛǎƳǳǘŀǎŜ ό{h5ύΣ ŀǎŎƻǊōŀǘŜ ǇŜǊƻȄƛŘŀǎŜ 

ό!t·ύ ŀƴŘ ƎƭǳǘŀǘƘƛƻƴŜ ǇŜǊƻȄƛŘŀǎŜ όDt·ύ ώмотϐΦ ¢ƘŜ ŜƴƘŀƴŎŜŘ ǇǊƻŘǳŎǘƛƻƴ ƻŦ wh{ Ŏŀƴ ŀƭǎƻ ŀŎǘ ŀǎ 

ǎƛƎƴŀƭǎ ǘƻ ŀŎǘƛǾŀǘŜ ǎǘǊŜǎǎ ǊŜǎǇƻƴǎŜǎ ŀƴŘ ŘŜŦŜƴǎŜ ǘƻ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎ ώмоуϐΦ hƴŜ ǎǳŎƘ ǊŜǎǇƻƴǎŜ ƛǎ 

ǇǊƻƎǊŀƳƳŜŘ ŎŜƭƭ ŘŜŀǘƘ όt/5ύ ōȅ ŜƛǘƘŜǊ ŀǇƻǇǘƻǎƛǎ ƻǊ ƴŜŎǊƻǎƛǎ ώмофϐΦ 5ǳŜ ǘƻ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ 

ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎ ǘƻ ƘŜŀƭǘƘ ŀƴŘ ŘƛǎŜŀǎŜ ƻŦ ƘǳƳŀƴǎΣ ƭƛǾŜǎǘƻŎƪ ŀƴŘ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇƭŀƴǘǎΣ ƛƴǘŜƴǎƛǾŜ 

ǊŜǎŜŀǊŎƘ ƛǎ ŀŘŘǊŜǎǎƛƴƎ ǉǳŜǎǘƛƻƴǎ ŀǘ ŜŀŎƘ ƻŦ ǘƘŜǎŜ ƭŜǾŜƭǎΦ  

¢ƘŜ ƳŀƧƻǊ wh{ ǘŀǊƎŜǘǎ ƘŀǾŜ ōŜŜƴ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ ǇǊƻǘŜƛƴǎΣ 5b! ŀƴŘ ƭƛǇƛŘǎΦ IƻǿŜǾŜǊΣ 

wb! Ƙŀǎ ǊŜŎŜƴǘƭȅ ōŜŜƴ ŀŘŘŜŘ ǘƻ ǘƘƛǎ ƭƛǎǘ ŀǎ ŀ wh{-ƛƴŘǳŎŜŘ ŘŀƳŀƎŜ ǘŀǊƎŜǘΦ  CƻǊ ŜȄŀƳǇƭŜΣ wb! 

ƻȄƛŘŀǘƛǾŜ ŘŀƳŀƎŜ Ƴŀȅ ōŜ ŀƴ ŜŀǊƭȅ ŜǾŜƴǘ ƛƴ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ !ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜ ŀƴŘ ƻǘƘŜǊ 

ƴŜǳǊƻŘŜƎŜƴŜǊŀǘƛǾŜ ŘƛǎŜŀǎŜǎ ώмплϐΦ wb! ƛǎ ŘŀƳŀƎŜŘ ƳƻǊŜ ǊŜŀŘƛƭȅ ǘƘŀƴ 5b! ŘǳŜ ǘƻ ƛǘǎ ǎƛƴƎƭŜ-

ǎǘǊŀƴŘŜŘ ǎǘǊǳŎǘǳǊŜΣ ŀōǳƴŘŀƴŎŜΣ ŎƭƻǎŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ǘƻ ƳƛǘƻŎƘƻƴŘǊƛŀ ŀƴŘ ƭŜǎǎ ǇǊƻǘŜŎǘƛƻƴ ōȅ ōƻǳƴŘ 

ǇǊƻǘŜƛƴǎ ƛƴ ǘƘŜ ŎŜƭƭǎΦ wh{ ƛƴŘǳŎŜǎ ǘƘŜ ŦƻǊƳŀǘƛƻƴ ƻŦ у-ƘȅŘǊƻȄȅƎǳŀƴƛƴŜ ŀƴŘ у-ƘȅŘǊƻȄȅƎǳŀƴƻǎƛƴŜ 
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όу-ƻȄƻDύ ƛƴ 5b! ŀƴŘ wb!Σ ǊŜǎǇŜŎǘƛǾŜƭȅ ώмпмΣ мпнϐΦ /ƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ƻǘƘŜǊ ǘȅǇŜǎ ƻŦ ƻȄƛŘƛȊŜŘ 

ǇǳǊƛƴŜǎ ŀƴŘ ǇȅǊƛƳƛŘƛƴŜǎΣ у-ƻȄƻD ƛǎ ǘƘŜ Ƴƻǎǘ ŀōǳƴŘŀƴǘ ōŀǎŜ ŘǳŜ ǘƻ ǘƘŜ ƘƛƎƘ ǊŜŀŎǘƛǾƛǘȅ ƻŦ 

ƎǳŀƴƛƴŜ ώмпоϐΦ ¢ƘŜ ŀƳƻǳƴǘ ƻŦ у-ƻȄƻD ƛƴ ōƻǘƘ wb! ŀƴŘ 5b! Ŏŀƴ ōŜ ŘŜǘŜŎǘŜŘ ōȅ It[/-9/5 ŀƴŘ 

It[/-a{κa{ ƛƴ ǘƘŜ ƛǎƻƭŀǘŜŘ wb! ŀƴŘ 5b! ŀǎ ǿŜƭƭ ŀǎ ǎƻƳŜ ŎŜƭƭ ƭƛƴŜǎ ώмппϐΦ aƻǊŜƻǾŜǊΣ у-ƻȄƻD 

Ŏŀƴ ŀƭǎƻ ōŜ ǊŜŎƻƎƴƛȊŜŘ ōȅ ŀ ŎƻƳƳŜǊŎƛŀƭ ŀƴǘƛōƻŘȅ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ǎǳōƧŜŎǘŜŘ ōȅ ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ōȅ 

ƛƳƳǳƴƻŘŜǘŜŎǘƛƻƴΣ 9[L{!Σ ƻǊ ƛƳƳǳƴƻǇǊŜŎƛǇƛǘŀǘƛƻƴ ώмпоϐΦ ¢ƘǳǎΣ у-ƻȄƻD ƛǎ ǳǎŜŘ ŀǎ ŀ ŎƻƳƳƻƴ 

ƳŀǊƪŜǊ ǘƻ ǎƘƻǿ ǘƘŜ ƭŜǾŜƭ ƻŦ wb! ƻȄƛŘŀǘƛƻƴΦ Lǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘ ǘƘŀǘ wb! ƻȄƛŘŀǘƛƻƴ ŎƻǳƭŘ ōŜ ƛƴ 

Ƴŀƴȅ ŦƻǊƳǎ ƻǘƘŜǊ ǘƘŀƴ у-ƻȄƻDΣ ǎǳŎƘ ǘƘŀǘ ǘƘŜ ŀŎǘǳŀƭ ƭŜǾŜƭ ƻŦ wb! ƻȄƛŘŀǘƛƻƴ Ŏŀƴ ōŜ ƘƛƎƘŜǊ ǘƘŀƴ 

ǘƘŜ ŘŜǘŜŎǘŜŘ у-ƻȄƻD ƭŜǾŜƭΦ ¢ƘŜ ƻȄƛŘƛȊŜŘ ōŀǎŜǎ ƛƴ Ƴwb! Ŏŀƴ ǎƭƻǿ ǘƘŜ ǘǊŀƴǎƭŀǘƛƻƴ ǇǊƻŎŜǎǎ ŀƴŘ ǎƻ 

ŘŜŎǊŜŀǎŜ ǇǊƻǘŜƛƴ ŜȄǇǊŜǎǎƛƻƴ ŘǳŜ ǘƻ ǊƛōƻǎƻƳŜ ǎǘŀƭƭƛƴƎ ώмпрϐΦ hȄƛŘƛȊŜŘ wb! Ŏŀƴ ŀƭǎƻ ǇǊƻŘǳŎŜ ƴƻƴ-

ŦǳƴŎǘƛƻƴŀƭ ǇǊƻǘŜƛƴǎ ƻǊ ǎƘƻǊǘ ǇŜǇǘƛŘŜǎ ǘƘŀǘ Ǌƛǎƪ ǘƻ ŀƎƎǊŜƎŀǘŜ ƻǊ ŘƛǎǊǳǇǘ ǘƘŜ ŦǳƴŎǘƛƻƴǎ ƻŦ ǘƘŜƛǊ 

ǇŀǊǘƴŜǊ ǇǊƻǘŜƛƴǎ ώмплϐΦ  

wb! ƻȄƛŘŀǘƛƻƴ ŀƭǎƻ Ƙŀǎ ŀ ǊŜƎǳƭŀǘƻǊȅ ŦǳƴŎǘƛƻƴ ƛƴ ǘƘŜ ŎŜƭƭǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ƻȄƛŘŀǘƛƻƴ ƻŦ 

ǎǇŜŎƛŦƛŎ wb!ǎ ŀŎǘƛǾŀǘŜǎ ǎŜŜŘ ƎŜǊƳƛƴŀǘƛƻƴ ώмпсϐΦ  

hǊƎŀƴƛǎƳǎ ƘŀǾŜ ǎȅǎǘŜƳǎ ŦƻǊ wb! ǎǳǊǾŜƛƭƭŀƴŎŜ ŀƴŘ ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭΦ ¢ƘŜ ƳŜŎƘŀƴƛǎƳǎ ōȅ 

ǿƘƛŎƘ ŎŜƭƭǎ ƘŀƴŘƭŜ ƻȄƛŘƛȊŜŘ wb! ǎǘƛƭƭ ǊŜƳŀƛƴ ƭŀǊƎŜƭȅ ǳƴƪƴƻǿƴΦ /Ŝƭƭǎ ŎƻǳƭŘ ǇǊƻǘŜŎǘ ƛƴǘŀŎǘ wb! 

ŦǊƻƳ ƻȄƛŘŀǘƛƻƴ ƻǊ ŘŜƎǊŀŘŜκ ǊŜǇŀƛǊ ƻȄƛŘƛȊŜŘ wb! ŀǎ ǊŜǉǳƛǊŜŘΦ  

5ŀƳŀƎŜŘ wb! Ŏŀƴ ōŜ ǊŜƳƻǾŜŘ ŦǊƻƳ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭ Ǉƻƻƭ ǘƘǊƻǳƎƘ ŘŜƎǊŀŘŀǘƛƻƴ ōȅ 

ǊƛōƻƴǳŎƭŜŀǎŜǎΣ ŀƭǘƘƻǳƎƘ ƭƛǘǘƭŜ ƛǎ ƪƴƻǿƴ ŀōƻǳǘ ǘƘƛǎ ǇǊƻŎŜǎǎ ōŜŎŀǳǎŜ ǘƘŜ ǎŜƭŜŎǘƛǾŜ ŘŜƎǊŀŘŀǘƛƻƴ 

ŀŎǘƛǾƛǘȅ ŦƻǊ ƻȄƛŘƛȊŜŘ wb! Ƙŀǎ ƴƻǘ ōŜŜƴ ƛŘŜƴǘƛŦƛŜŘ ώмосϐΦ IƻǿŜǾŜǊΣ ǘƘŜ ǊŀǇƛŘ ŘŜƎǊŀŘŀǘƛƻƴ ƻŦ 

ƻȄƛŘƛȊŜŘ wb! ǎǳƎƎŜǎǘǎ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŀ ǎǇŜŎƛŦƛŎ ŘŜƎǊŀŘŀǘƛƻƴ ƳŜŎƘŀƴƛǎƳΦ ¢ƘŜ ƻȄƛŘƛȊŜŘ wb! 

ŀƳƻǳƴǘ ŘǊƻǇǇŜŘ ǘƻ ǘƘŜ ƴƻǊƳŀƭ ƭŜǾŜƭ ǿƛǘƘƛƴ ƻƴŜ ƎŜƴŜǊŀǘƛƻƴ ǘƛƳŜ ƛƴ 9Φ Ŏƻƭƛ ŀŦǘŜǊ ǊŜƳƻǾŀƭ ƻŦ 
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ƻȄƛŘŀƴǘ ώмптϐΦ ¢ƘŜ ŀǳǘƘƻǊǎ ǇǊƻǇƻǎŜŘ ǘƘŀǘ ŀ ǎŜƭŜŎǘƛǾŜ ŘŜƎǊŀŘŀǘƛƻƴ ƳŜŎƘŀƴƛǎƳ ƻŦ ƻȄƛŘƛȊŜŘ wb! 

Ƴǳǎǘ ƘŀǇǇŜƴ ƛƴ ǘƘŜ ŎŜƭƭǎ ŦƻǊ ǎǳŎƘ ŀ ǉǳƛŎƪ ǊŜŘǳŎǘƛƻƴ ǘƻ ƻŎŎǳǊΦ  

¢ƘŜ ƳǳƭǘƛŦǳƴŎǘƛƻƴŀƭ ǇǊƻǘŜƛƴ ǇƻƭȅƴǳŎƭŜƻǘƛŘŜ ǇƘƻǎǇƘƻǊȅƭŀǎŜ όtbtŀǎŜύ ŀƭǎƻ Ǉƭŀȅǎ ŀƴ 

ƛƳǇƻǊǘŀƴǘ ǊƻƭŜ ƛƴ ƳƛǘƛƎŀǘƛƴƎ wb! ƻȄƛŘŀǘƛƻƴ ƛƴ ǾŀǊƛƻǳǎ ƻǊƎŀƴƛǎƳǎΦ Lǘ Ƙŀǎ ŀ ƘƛƎƘŜǊ ŀŦŦƛƴƛǘȅ ǘƻ ǘƘŜ 

ƻȄƛŘƛȊŜŘ wb! ǘƘŀƴ ƴƻƴ-ƻȄƛŘƛȊŜŘ ƻƴŜ ώмпуϐΦ tbtŀǎŜ ŘŜŦƛŎƛŜƴŎȅ ƭŜŀŘǎ ǘƻ ŀ ƘȅǇŜǊǎŜƴǎƛǘƛǾŜ 

ǇƘŜƴƻǘȅǇŜ ǘƻ ¦± ŀƴŘ Iнhн ώмпфϐΦ ¢ƘŜ tbtŀǎŜ Ƴǳǘŀƴǘ ƛƴ 9Φ Ŏƻƭƛ ǎƘƻǿŜŘ ƘƛƎƘŜǊ у-ƻȄƻD ƭŜǾŜƭ ƛƴ 

wb! ǳƴŘŜǊ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎ ŀƴŘ ǘƘƛǎ ŎƻǳƭŘ ōŜ ŎƻǊǊŜŎǘŜŘ ōȅ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ƻŦ ǇƭŀǎƳƛŘ ŎƻƴǘŀƛƴƛƴƎ 

tbtŀǎŜ ώмпуϐΦ ¢ƘŜ ƘǳƳŀƴ tbtŀǎŜ όƘtbtŀǎŜύ ƛǎ ƭƻŎŀƭƛȊŜŘ ǘƻ ǘƘŜ ƛƴǘŜǊƳŜƳōǊŀƴŜ ǎǇŀŎŜ ƻŦ 

ƳƛǘƻŎƘƻƴŘǊƛŀ ώмрлϐΦ Lƴ IŜƭŀ ŎŜƭƭǎΣ ǘƘŜ ƭŜǾŜƭ ƻŦ у-ƻȄƻD wb! ǿŀǎ ŜƭŜǾŀǘŜŘ ǿƘŜƴ tbtŀǎŜ ǿŀǎ 

ƪƴƻŎƪŜŘ Řƻǿƴ ǿƘƛƭŜ ǘƘŜ ŜŦŦŜŎǘ ǿŀǎ ƻǇǇƻǎƛǘŜ ǿƘŜƴ tbtŀǎŜ ǿŀǎ ƻǾŜǊ-ŜȄǇǊŜǎǎŜŘ ώмрмϐΦ Iƻǿ 

tbtŀǎŜ ŎƻƴǘǊƻƭǎ wb! ƻȄƛŘŀǘƛƻƴ ƛǎ ǎǘƛƭƭ ǳƴŎƭŜŀǊΦ Lǘ ŎƻǳƭŘ ǎŜƭŜŎǘƛǾŜƭȅ ŘŜƎǊŀŘŜ ǘƘŜ ƻȄƛŘƛȊŜŘ wb! ƻǊ 

ƘŜƭǇ ǘƻ Ƴŀƛƴǘŀƛƴ ǎǘŀōƛƭƛǘȅ ƻŦ ƳƛǘƻŎƘƻƴŘǊƛŀ ǳƴŘŜǊ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎ ώмпоϐΦ  

{ŜǾŜǊŀƭ ƻǘƘŜǊ wb!-ōƛƴŘƛƴƎ ǇǊƻǘŜƛƴǎ Ƴŀȅ ŀƭǎƻ ŦǳƴŎǘƛƻƴ ƛƴ ǘƘŜ ƻȄƛŘƛȊŜŘ wb! ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭΦ 

¢ƘŜȅ ŀƭƭ ƘŀǾŜ ŀƴ ƻȄƛŘƛȊŜŘ wb!-ōƛƴŘƛƴƎ ŀŎǘƛǾƛǘȅΣ ǎǳŎƘ ŀǎ ƳŀƳƳŀƭƛŀƴ ¸ ōƻȄ-ōƛƴŘƛƴƎ ǇǊƻǘŜƛƴ L ό¸.-

мύΣ !¦-ǊƛŎƘ ŜƭŜƳŜƴǘ wb! ōƛƴŘƛƴƎ ǇǊƻǘŜƛƴ м ό!ǳŦ мύ ŀƴŘ wƻ ŀǳǘƻŀƴǘƛƎŜƴ ώмрн-мрпϐΦ [ŀŎƪƛƴƎ ǘƘŜǎŜ 

ǇǊƻǘŜƛƴǎ ƛƴ ǘƘŜ ŎŜƭƭǎ ŎƻǳƭŘ ŎŀǳǎŜ ƘȅǇŜǊǎŜƴǎƛǘƛǾƛǘȅ ǘƻ ǘƘŜ ƻȄƛŘŀƴǘ ώмррϐΦ 

      ¢ƘŜ ǊŜǇŀƛǊ ƻŦ ƻȄƛŘƛȊŜŘ wb! ƛǎ ƴƻǘ ŀǎ ǿŜƭƭ ǳƴŘŜǊǎǘƻƻŘ ŀǎ ƛǘ ƛǎ ŦƻǊ ƻȄƛŘƛȊŜŘ 5b!Φ ¢ƘŜ уƻȄƻ-ŘDκ/ 

ōŀǎŜ ǇŀƛǊ ƛƴ 5b! Ŏŀƴ ōŜ ǊŜǇŀƛǊŜŘ ƛƴ ǘƘŜ ōŀǎŜ ŜȄŎƛǎƛƻƴ ǊŜǇŀƛǊ ǇŀǘƘǿŀȅ ƛƴǾƻƭǾŜŘ ƛƴ ŀ 5b! 

ƎƭȅŎƻǎȅƭŀǎŜ όhDDмύΣ !t ŜƴŘƻƴǳŎƭŜŀǎŜ !t9мΣ 5b! ǇƻƭȅƳŜǊŀǎŜ όtƻƭύ ʲΣ ŀƴŘ 5b! ƭƛƎŀǎŜ L [156]Φ 

¢Ƙƛǎ ƳŜŎƘŀƴƛǎƳ ƛǎ ƴƻǘ ƪƴƻǿƴ ǘƻ ƻŎŎǳǊ ƛƴ ǘƘŜ ǊŜǇŀƛǊ ƻŦ ƻȄƛŘƛȊŜŘ wb!Φ IƻǿŜǾŜǊΣ ǘƘŜ ŀƭƪȅƭŀǘƛƻƴ 

ŘŀƳŀƎŜ ƛƴ wb! ƛǎ ǊŜǇŀƛǊŜŘ ƛƴ ǘƘŜ ǎŀƳŜ ǿŀȅ ŀǎ 5b! ōȅ ƘȅŘǊƻȄȅƭŀǘƛƻƴ ƻŦ ǘƘŜ ƳŜǘƘȅƭ ƎǊƻǳǇ ώмрсϐΦ 

aƻǊŜƻǾŜǊΣ !t9 ƛƴ 5b! ǊŜǇŀƛǊ ƛǎ ŀƭǎƻ ƛƴǾƻƭǾŜŘ ƛƴ Ǌwb! ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭ ōȅ ŀŎǘƛƴƎ ŀǎ 
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ŀǇǳǊƛƴƛŎκŀǇȅǊƛƳƛŘƛƴƛŎ ŜƴŘƻƴǳŎƭŜŀǎŜ ώмртϐΦ aǳǘ¢ ǇǊƻǘŜƛƴ ƛƴ 9Φ Ŏƻƭƛ ƛǎ ƪƴƻǿƴ ǘƻ ƘȅŘǊƻƭȅȊŜ ǎƻƳŜ 

ǊƛōƻƴǳŎƭŜƻǘƛŘŜ ŀƴŀƭƻƎǎ ŀǎ ǿŜƭƭ ŀǎ уƻȄƻ-ŘD¢t ώмруϐΦ ¢Ƙƛǎ ƻŦŦŜǊǎ ŀ Ǉƻǎǎƛōƛƭƛǘȅ ǘƘŀǘ aǳǘ¢ ǇǊƻǘŜƛƴ 

Ŏŀƴ ƘȅŘǊƻƭȅȊŜ у-ƻȄƻ-D¢t ǘƻ у-ƻȄƻ-Dat ǘƻ ŎƻƴǘǊƻƭ ǘƘŜ wb! ǉǳŀƭƛǘȅ ŀǘ ǘƘŜ ǘǊŀƴǎŎǊƛǇǘƛƻƴŀƭ ƭŜǾŜƭ 

ǿƘŜƴ ǳǎƛƴƎ ƴǳŎƭŜƻǘƛŘŜǎ ǘƻ ŦƻǊƳ wb! ώмрфϐΦ  

 ¢ǿƻ ǘȅǇŜǎ ƻŦ wb! ƎǊŀƴǳƭŜǎΣ ǎǘǊŜǎǎ ƎǊŀƴǳƭŜǎ ό{Dǎύ ŀƴŘ ǇǊƻŎŜǎǎƛƴƎ ōƻŘƛŜǎ όt-ōƻŘƛŜǎύΣ ŀǊŜ 

ǇǊƻǇƻǎŜŘ ǘƻ ōŜ ŎȅǘƻǇƭŀǎƳƛŎ ƭƻŎŀǘƛƻƴǎ ƻŦ ƻȄƛŘƛȊŜŘ wb! ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭ όaŜƴǘƛƻƴŜŘ ōŜƭƻǿύΦ {Dǎ 

ŀǊŜ ƭŀǊƎŜ ƴƻƴ-ƳŜƳōǊŀƴŜ ŎȅǘƻǇƭŀǎƳƛŎ ǊƛōƻƴǳŎƭŜƻǇǊƻŜƛƴǎ όwbtύ ŎƻƳǇƭŜȄŜǎ ǿƘƛŎƘ ǊŜǎǇƻƴǎŜ ǘƻ 

ƳǳƭǘƛǇƭŜ ǎǘǊŜǎǎ ǎǘƛƳǳƭƛ ώмслϐΦ {Dǎ ǊŜŎǊǳƛǘ ƻȄƛŘƛȊŜŘ wb! ōƛƴŘƛƴƎ ǇǊƻǘŜƛƴ ƭƛƪŜ ¸.-м ŀƴŘ !ǳŦ м ǿƘŜƴ 

ǘƘŜȅ ŦƻǊƳ ǳƴŘŜǊ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎ ŎƻƴŘƛǘƛƻƴǎ ώмрнΣ мсмϐΦ t-ōƻŘƛŜǎ ŀǊŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ wb! ǘǳǊƴ 

ƻǾŜǊ ŀƴŘ ƛƴŎǊŜŀǎŜ ƛƴ ǎƛȊŜ ŀƴŘ ƴǳƳōŜǊ ŘǳǊƛƴƎ ǘƘŜ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎ ŀƴŘ Ŏƻƴǘŀƛƴ ǘƘŜ wb! 

ŘŜƎǊŀŘŀǘƛƻƴ ƳŀŎƘƛƴŜǊȅ ώмснϐΦ .ƻǘƘ ƻŦ ǘƘŜǎŜ ǘǿƻ wb! ƎǊŀƴǳƭŜǎ ŀǊŜ ƛƴǾƻƭǾŜŘ ƛƴ wb! ƳŜǘŀōƻƭƛǎƳ 

ǳƴŘŜǊ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŀƴŘ ǎǘǊŜǎǎ ŎƻƴŘƛǘƛƻƴ ώмррϐΦ 

мΦсΦн /ȅǘƻǇƭŀǎƳƛŎ Ƴwbtǎ 

       ¢ƘŜ ƭƛŦŜ ŜǾŜƴǘ ƻŦ Ƴwb!Σ ǎǳŎƘ ŀǎ ǇǊƻŎŜǎǎƛƴƎΣ ƭƻŎŀƭƛȊŀǘƛƻƴΣ ǘǊŀƴǎƭŀǘƛƻƴ ŀƴŘ ŘŜƎǊŀŘŀǘƛƻƴ ƛǎ 

ŎƻƴǘǊƻƭƭŜŘ ōȅ Ƴwbtǎ ώмсоϐΦ Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ƴƻƴ-ǘǊŀƴǎƭŀǘŜŘ Ƴwb!ǎΣ ǘƘŜ Ƴwbt Ŏƻƴǘŀƛƴ wb!-

ōƛƴŘƛƴƎ ǇǊƻǘŜƛƴǎ ŀƴŘ ƴƻƴ-ŎƻŘƛƴƎ wb! ŀǎ ƳŀƧƻǊ ŎƻƳǇƻƴŜƴǘǎΦ ¢ƘŜ Ƴwbtǎ ŀǎǎŜƳōƭŜ ŀƴŘ ƎǊƻǿ 

ƛƴǘƻ ŀ ǾƛǎƛōƭŜ ǎƛȊŜ ƛƴ ǘƘŜ ŜǳƪŀǊȅƻǘƛŎ ŎȅǘƻǇƭŀǎƳΣ ƭƛƪŜ t-ōƻŘƛŜǎ ŀƴŘ {DǎΣ ǘƘŜ ǘǿƻ Ƴƻǎǘ ǿŜƭƭ ƪƴƻǿƴ 

wb! ƎǊŀƴǳƭŜǎΦ 

       !ƭǘƘƻǳƎƘΣ ŘƛŦŦŜǊŜƴǘ Ƴwbtǎ Ŏƻƴǘŀƛƴ ǎƻƳŜ ŎŜƭƭǳƭŀǊ ŎƻƴǘŜƴǘǎ ǘƘŀǘ ŀǊŜ ǎǇŜŎƛŦƛŎ ǘƻ ǘƘŜƳΣ ǘƘŜ wbt 

ƎǊŀƴǳƭŜǎ ƘŀǾŜ ǎƻƳŜ ŎƻƳƳƻƴ ŦŜŀǘǳǊŜǎΦ ¢ƘŜȅ ŀƭƭ ƴŜŜŘ ƴƻƴ-ǘǊŀƴǎƭŀǘŜŘ Ƴwb! ŀƴŘ ǎƘŀǊŜ ǎƻƳŜ 

wb!-ōƛƴŘƛƴƎ ǇǊƻǘŜƛƴǎ ŀƴŘ Ƴwb! ǎǇŜŎƛŜǎ ώмсп-мссϐΦ {ƻƳŜ Ƴwbt ƎǊŀƴǳƭŜǎ ƛƴǘŜǊŀŎǘ ǿƛǘƘ ŜŀŎƘ 

ƻǘƘŜǊ ōȅ ŘƻŎƪƛƴƎ ŀƴŘ ŦǳǎƛƴƎ ώмстϐΦ {ŜǾŜǊŀƭ ǘȅǇŜǎ ƻŦ Ƴwbt ƎǊŀƴǳƭŜǎ ƘŀǾŜ ŎƻƳƳƻƴ ƳŜŎƘŀƴƛǎƳǎ 
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ƻŦ ŀǎǎŜƳōƭȅΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜȅ ŀƭƭ ǊŜǉǳƛǊŜ ƴƻƴ-ǘǊŀƴǎƭŀǘƛƴƎ wb!Σ ǎŜƭŦ-ƛƴǘŜǊŀŎǘƛƻƴ ŘƻƳŀƛƴǎ ƛƴ ǘƘŜ 

ƎǊŀƴǳƭŜ ǇǊƻǘŜƛƴǎΣ ŎȅǘƻǎƪŜƭŜǘƻƴ ǿƛǘƘ ƳƻǘƻǊ ǇǊƻǘŜƛƴǎ ŀƴŘ ǇǊƻǘŜƛƴ ƳƻŘƛŦƛŎŀǘƛƻƴǎ ƭƛƪŜ 

ǇƘƻǎǇƘƻǊȅƭŀǘƛƻƴΣ ŀŎŜǘȅƭŀǘƛƻƴ ŀƴŘ ǳōƛǉǳƛǘƛƴŀǘƛƻƴ ώмсуϐΦ ¢ƘŜ ǇǊƛƴŎƛǇƭŜǎ ƻŦ Ƴwbt ƎǊŀƴǳƭŜǎ 

ŘƛǎŀǎǎŜƳōƭȅ ŀǊŜ ŀǎǎƻŎƛŀǘŜŘ ǘƻ ǘƘŜ ǊŜ-ŜƴǘǊȅ ƻŦ ǘƘŜ Ƴwb! ŦǊƻƳ ǘƘŜ wb! ƎǊŀƴǳƭŜ ǘƻ ǘǊŀƴǎƭŀǘŜŘ 

Ǉƻƻƭ ƻƴ ǇƻƭȅǎƻƳŜǎ ώмсфϐΦ Lƴ ŀŘŘƛǘƛƻƴΣ Ƴwb! ŘŜŎŀȅ ŎƻǳƭŘ ŀƭǎƻ ŘƛǎŀǎǎŜƳōƭŜ ǘƘŜ Ƴwbt ώмсоϐΦ !ƴȅ 

ƳƻŘƛŦƛŎŀǘƛƻƴ ǘƻ ƛƳǇŀƛǊ ǘƘŜ ǇǊƻǘŜƛƴ ƛƴǘŜǊŀŎǘƛƻƴ ŀƴŘ ƎǊŀƴǳƭŜ ǎŎŀŦŦƻƭŘǎ Ŏŀƴ ŎŀǳǎŜ ƎǊŀƴǳƭŜǎ 

ŘƛǎŀǎǎŜƳōƭȅ ώмтлΣ мтмϐΦ ¢ǿƻ ǊŜŎŜƴǘ ǎǘǳŘƛŜǎ ŀƭǎƻ ǎƘƻǿ ǘƘŀǘ Ƴwbt ƎǊŀƴǳƭŜǎ Ŏŀƴ ŀƭǎƻ ōŜ ŎƭŜŀǊŜŘ 

ōȅ ŀǳǘƻǇƘŀƎȅ ώмтнΣ мтоϐΦ  

мΦсΦо {ǘǊŜǎǎ ƎǊŀƴǳƭŜǎ ŀƴŘ ǇǊƻŎŜǎǎƛƴƎ ōƻŘƛŜǎ 

      {Dǎ Ŏƻƴǘŀƛƴ ǘǊŀƴǎƭŀǘƛƻƴ ƛƴƛǘƛŀǘƛƻƴ ŦŀŎǘƻǊǎΣ ǘǊŀƴǎƭŀǘƛƻƴŀƭƭȅ ǎǘŀƭƭŜŘ wb!Σ ǎƳŀƭƭ ƴƻǘ ƭŀǊƎŜ ǎǳōǳƴƛǘ 

ƻŦ ǊƛōƻǎƻƳŜǎΦ ¢ƘŜƛǊ ŦƻǊƳŀǘƛƻƴ ƴŜŜŘǎ ǘƘŜ ǇƘƻǎǇƘƻǊȅƭŀǘƛƻƴ ƻŦ ǘƘŜ ŜǳƪŀǊȅƻǘƛŎ ǘǊŀƴǎƭŀǘƛƻƴ ƛƴƛǘƛŀǘƻǊ 

н όŜLCнύ ώмтпϐΦ ¢ƘŜ {Dǎ ŀǊŜ ǊŜƳŀǊƪŀōƭŜ ǿƛǘƘ ǘƘŜƛǊ ŘȅƴŀƳƛŎ ƴŀǘǳǊŜΥ ǘƘŜȅ Ŏŀƴ ŀǎǎŜƳōƭŜ ǾŜǊȅ 

ǉǳƛŎƪƭȅ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ǎǘǊŜǎǎ ŀƴŘ ŘƛǎŀǎǎŜƳōƭŜ ǉǳƛŎƪƭȅ ǿƘŜƴ ǎǘǊŜǎǎŜǎ ŀǊŜ ǊŜƳƻǾŜŘ ώмсфϐΦ 

!ŘŘƛǘƛƻƴŀƭƭȅΣ ǎǘŀōƛƭƛȊƛƴƎ Ƴwb! ƻƴ ǘƘŜ ǇƻƭȅǎƻƳŜǎ ƻǊ ŘƛǎŀǎǎŜƳōƭƛƴƎ ǇƻƭȅǎƻƳŜǎ ǿƛǘƘ ŀƴǘƛōƛƻǘƛŎ 

ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ {Dǎ ŀǊŜ ƛƴ ŀ ŘȅƴŀƳƛŎ ŜǉǳƛƭƛōǊƛǳƳ ǿƛǘƘ ǇƻƭȅǎƻƳŜǎΦ ¢ƘŜǊŜ ƛǎ ŀƴ Ƴwb! ǎƘǳǘǘƭŜ 

ōŜǘǿŜŜƴ {Dǎ ŀƴŘ ǇƻƭȅǎƻƳŜǎ ǿƘŜƴ ǘƘŜ ǎǘǊŜǎǎ ŎƻƴŘƛǘƛƻƴǎ ŎƘŀƴƎŜ ώмссϐΦ 

      5ŜǎǇƛǘŜ ǘƘŜ ƛƴǘŜƴǎƛǾŜ ǊŜǎŜŀǊŎƘ ƻƴ {DǎΣ ǘƘŜƛǊ ŦǳƴŎǘƛƻƴǎ ƘŀǾŜ ƴƻǘ ōŜŜƴ ŘŜƳƻƴǎǘǊŀǘŜŘΦ ¢ƘŜǊŜ 

ŀǊŜ ǎŜǾŜǊŀƭ ƘȅǇƻǘƘŜǎƛȊŜǎ ōŀǎŜŘ ƻƴ ŀ ǇŀǊǘƛŀƭ ƛƴǾŜƴǘƻǊȅ ƻŦ {D ŎƻƳǇƻƴŜƴǘǎ ŀƴŘ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘŜȅ 

ŦƻǊƳ ŘǳǊƛƴƎ ǎǘǊŜǎǎΦ CƛǊǎǘΣ ¢ƘŜ ŀǎǎŜƳōƭȅ ƻŦ ǘƘŜ {Dǎ ƻŦŦŜǊǎ ŀ ŘƻŎƪƛƴƎ ǇƭŀŎŜ ǿƛǘƘ ƘƛƎƘ ƭƻŎŀƭ 

ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ ǇǊƻǘŜƛƴ ŦŀŎǘƻǊǎ ŀƴŘ ǎǳōǎǘǊŀǘŜ Ƴwb!ǎ ǘƻ ŦŀǾƻǊ ŦƻǊǿŀǊŘ ǊŜŀŎǘƛƻƴǎ ƛƴ ǊŜǇŀƛǊ 

ǇǊƻŎŜǎǎŜǎ ώмсуϐΦ CƻǊ ŜȄŀƳǇƭŜΣ {Dǎ ŀǊŜ ŜƴǊƛŎƘŜŘ ǿƛǘƘ Ƴwb! ŀƴŘ ǘǊŀƴǎƭŀǘƛƻƴ ƛƴƛǘƛŀǘƛƻƴ ŦŀŎǘƻǊǎΣ 

Ǉƻǎǎƛōƭȅ ǘƻ ŦŀǾƻǊ ǘǊŀƴǎƭŀǘƛƻƴŀƭ ƛƴƛǘƛŀǘƛƻƴ ǊŜŀŎǘƛƻƴǎ ŀƴŘ ǊŜ-ŜƴǘǊȅ ƻŦ ǘƘŜǎŜ Ƴwb!ǎ ǘƻ ǘƘŜ ǘǊŀƴǎƭŀǘƛƴƎ 
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ǇƻƻƭΦ {ŜŎƻƴŘƭȅΣ ƪŜŜǇƛƴƎ ǘƘŜ Ƴwb! ŀƴŘ ǇǊƻǘŜƛƴ ƛƴ ǘƘŜ {Dǎ Ƴŀȅ ǎŜǇŀǊŀǘŜ ōƛƻŎƘŜƳƛŎŀƭ ǊŜŀŎǘƛƻƴǎ 

ǘƘŀǘ ŎƻǳƭŘ ŀŦŦŜŎǘ ŜŀŎƘ ƻǘƘŜǊ ώмтрΣ мтсϐΦ ¢ƘƛǊŘΣ ǎƛƴŎŜ ǘƘŜ ǇǊƛƳŀǊȅ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ƎǊŀƴǳƭŜǎ ŀǊŜ 

ƳwbtǎΣ ǿƘƛŎƘ ǇŀǊǘƛŎƛǇŀǘŜ ƛƴ ŜǾŜǊȅ ǎǘŜǇ ƻŦ Ƴwb! ƭƛŦŜ ŎȅŎƭŜΣ ǘƘŜ ƘȅǇƻǘƘŜǎƛȊŜŘ ŦǳƴŎǘƛƻƴǎ ƻŦ {Dǎ 

ŎƻǳƭŘ ǊŜƭŀǘŜ ǘƻ Ƴwb!ǎ ƳŜǘŀōƻƭƛǎƳ ŀƴŘ ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭ ώмсоϐΦ CƻǊ ŜȄŀƳǇƭŜΣ Ƴwb! ŎƻǳƭŘ ōŜ 

ǎǘŀōƛƭƛȊŜŘ ƛƴ {Dǎ ōȅ ǊŜŎǊǳƛǘƛƴƎ ǎǘŀōƛƭƛȊƛƴƎ ǇǊƻǘŜƛƴǎΣ ǎǳŎƘ ŀǎ Iǳw ŀƴŘ tŀōмΦ aƻǊŜƻǾŜǊΣ ǘƘŜ 

ŘŜŀŘŜƴȅƭŀǘƛƻƴ ƛǎ ŀƭǎƻ ƛƴƘƛōƛǘŜŘ ƛƴ {Dǎ ώмттΣ мтуϐΦ !ǎ ƳŜƴǘƛƻƴŜŘ ŀōƻǾŜΣ ǘƘŜ ǊŜŎǊǳƛǘƳŜƴǘ ƻŦ 

ƻȄƛŘƛȊŜŘ wb! ōƛƴŘƛƴƎ ǇǊƻǘŜƛƴ !ǳŦм ŀƴŘ ¸.м ǘƻ ǘƘŜ {D ǎǳƎƎŜǎǘǎ ǘƘŀǘ {D ƛǎ ŀƭǎƻ ƛƴǾƻƭǾŜŘ ƛƴ ŎƻƴǘǊƻƭ 

ƻŦ wb! ƻȄƛŘŀǘƛƻƴ ǳƴŘŜǊ ǎǘǊŜǎǎ ŎƻƴŘƛǘƛƻƴ ώмрнΣ мроϐΦ 

       t-ōƻŘƛŜǎ ŀǊŜ ŀƴƻǘƘŜǊ ƪƛƴŘ ƻŦ wb! ƎǊŀƴǳƭŜ ƛƴ ǘƘŜ ŎȅǘƻǇƭŀǎƳΦ ¢ƘŜǎŜ wb!-ƎǊŀƴǳƭŜǎ ƛƴŎǊŜŀǎŜ ƛƴ 

ǎƛȊŜ ŀƴŘ ƴǳƳōŜǊ ŘǳǊƛƴƎ ǎǘǊŜǎǎΣ ōǳǘ ŀǊŜ ŀƭǎƻ ǇǊŜǎŜƴǘ ǳƴŘŜǊ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŎƻƴŘƛǘƛƻƴǎ ώмснϐΦ [ƛƪŜ 

ǎǘǊŜǎǎ ƎǊŀƴǳƭŜǎΣ t-ōƻŘƛŜǎ Ŏƻƴǘŀƛƴ ǘǊŀƴǎƭŀǘƛƻƴŀƭƭȅ ǊŜǇǊŜǎǎŜŘ Ƴwb!Φ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜȅ Ŏƻƴǘŀƛƴ 

ǇǊƻǘŜƛƴǎ ǊŜƭŀǘŜŘ ǘƻ Ƴwb! ŘŜŎŀǇǇƛƴƎ ŀƴŘ ǘƘŜ Ƴwb! ŘŜŎŀȅ ƳŀŎƘƛƴŜǊȅΥ 5ŎǇмǇκнǇ ώмтф-мумϐ ŀƴŘ 

ǘƘŜ рΩ ǘƻ оΩ ŜȄƻƴǳŎƭŜŀǎŜΣ ·ǊƴмǇ ώмунϐΦ ¢ƘŜ ŦǳƴŎǘƛƻƴ ƻŦ t-ōƻŘƛŜǎ ƛǎΣ ǘƘŜǊŜŦƻǊŜΣ ǇǊŜǎǳƳŜŘ ǘƻ ǊŜƭŀǘŜ 

ǘƻ ǘǊŀƴǎƭŀǘƛƻƴŀƭ ǊŜǇǊŜǎǎƛƻƴΣ Ƴwb! ŘŜŎŀǇǇƛƴƎ ŀƴŘ ŘŜƎǊŀŘŀǘƛƻƴΦ t-ōƻŘƛŜǎ ŀƴŘ ǎǘǊŜǎǎ ƎǊŀƴǳƭŜǎ 

ƘŀǾŜ ǎƻƳŜ ŎƻƳƳƻƴ ŎƻƳǇƻƴŜƴǘǎΣ ƭƛƪŜ ǘƘŜ ŎŀǇ-ōƛƴŘƛƴƎ ŦŀŎǘƻǊ ŜLCп9Σ /t9. ŀƴŘ ǘƘŜ tristetraprolin 

ǇǊƻǘŜƛƴǎ ό¢¢tύ ǎǳƎƎŜǎǘƛƴƎ ǘƘŜȅ Ƴŀȅ ƘŀǾŜ ǎƻƳŜ ŎƻƳƳƻƴ ŦǳƴŎǘƛƻƴǎ ǊŜƭŀǘŜŘ ǘƻ ǘǊŀƴǎƭŀǘƛƻƴŀƭ 

ŎƻƴǘǊƻƭ ŀƴŘ Ƴwb! ǎǘŀōƛƭƛǘȅ ώмстΣ муоϐΦ ¢ƘŜ ŦƻǊƳŀǘƛƻƴ ƻŦ {Dǎ ƛǎ ŘŜǇŜƴŘŜƴǘ ƻƴ t-ōƻŘƛŜǎ ǿƘƛƭŜ ǘƘŜ 

ŦƻǊƳŀǘƛƻƴ ƻŦ t.ǎ ƛǎ ƛƴŘŜǇŜƴŘŜƴǘ ƻŦ {DǎΦ {ƻƳŜ ǇǊƻǘŜƛƴ ƭƛƪŜ ¢¢t Ŏŀƴ ǇǊƻƳƻǘŜ ǘƘŜ ŘƻŎƪƛƴƎ 

ōŜǘǿŜŜƴ t.ǎ ŀƴŘ {Dǎ ǘƻ ƭŜǘ ǘƘŜ wbt ƳƻǾŜ ŦǊƻƳ ƻƴŜ ǘƻ ǘƘŜ ƻǘƘŜǊΦ 

мΦсΦп /ƘƭƻǊƻǇƭŀǎǘ ǎǘǊŜǎǎ ƎǊŀƴǳƭŜǎ όŎǇ{Dǎύ 

   {ǘǊŜǎǎ ƎǊŀƴǳƭŜǎ Ŏŀƴ ŀƭǎƻ ŦƻǊƳ ƛƴ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ƻŦ /Φ ǊŜƛƴƘŀǊŘǘƛƛΦ ŎǇ{Dǎ Ŏŀƴ ŦƻǊƳ ǳƴŘŜǊ 

ǾŀǊƛƻǳǎ ǎǘǊŜǎǎŜǎΣ ǎǳŎƘ ŀǎ ƘȅŘǊƻƎŜƴ ǇŜǊƻȄƛŘŜΣ ¦±Σ ƴǳǘǊƛŜƴǘ ǎǘŀǊǾŀǘƛƻƴ ŀƴŘ 5/a¦ ǘǊŜŀǘƳŜƴǘΣ ōǳǘ 
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ƴƻǘ ŦƻƭƭƻǿƛƴƎ ƘŜŀǘ ǎƘƻŎƪ ƻǊ ƻǎƳƻǘƛŎ ǎǘǊŜǎǎΦ ŎǇ{Dǎ ƘŀǾŜ ǎƛƳƛƭŀǊ ŎƻƳǇƻƴŜƴǘǎ ŀǎ ŎȅǘƻǇƭŀǎƳƛŎ {DǎΤ 

ǳƴǘǊŀƴǎƭŀǘŜŘ Ƴwb!ǎΣ ǘǊŀƴǎƭŀǘƛƻƴ ƛƴƛǘƛŀǘƛƻƴ ŦŀŎǘƻǊǎΣ ǘƘŜ ǎƳŀƭƭ όōǳǘ ƴƻǘ ǘƘŜ ƭŀǊƎŜύ ǊƛōƻǎƻƳŀƭ 

ǎǳōǳƴƛǘΣ ŀƴŘ Ƴwb! ōƛƴŘƛƴƎ ǇǊƻǘŜƛƴǎ ŀǎ ŀǎǎŜƳōƭȅ ŦŀŎǘƻǊǎ ώоуϐΦ aƻǊŜƻǾŜǊΣ ŎǇ{Dǎ ŀƭǎƻ Ŏƻƴǘŀƛƴ ǘƘŜ 

ƭŀǊƎŜ ǎǳōǳƴƛǘ ƻŦ ǊƛōǳƭƻǎŜ ōƛǎǇƘƻǎǇƘŀǘŜ ŎŀǊōƻȄȅƭŀǎŜ-ƻȄȅƎŜƴŀǎŜ όwǳōƛǎŎƻύΦ w./[ ƛƴ ŎǇ{Dǎ ƛǎ 

ǇǊƻōŀōƭȅ ƴƻǘ ŜƴȊȅƳŀǘƛŎŀƭƭȅ ŀŎǘƛǾŜΣ ōŜŎŀǳǎŜ ŎǇ{Dǎ ŀǊŜ ƴƻǘ ŜƴǊƛŎƘŜŘ ŦƻǊ ǘƘŜ ǎƳŀƭƭ ǎǳōǳƴƛǘ ƻŦ 

wǳōƛǎŎƻ όw./{ύΣ ǿƘƛŎƘ ƛǎ ǊŜǉǳƛǊŜŘ ŦƻǊ wǳōƛǎŎƻ ŀŎǘƛǾƛǘȅ ώмупϐΦ 

 !ǎ ƳŜƴǘƛƻƴŜŘ ŀōƻǾŜΣ w./[ ƛƴ ŎǇ{Dǎ Ƴŀȅ ƘŀǾŜ ŀ ǊƻƭŜ ŀǎ ŀƴ ŀǎǎŜƳōƭȅ ŦŀŎǘƻǊ ōŜŎŀǳǎŜ ǘƘƛǎ 

ǇǊƻǘŜƛƴ ǿŀǎ ǎƘƻǿƴ ǘƻ ƘŀǾŜ ŀ ŎǊȅǇǘƛŎ wb!-ōƛƴŘƛƴƎ ŀŎǘƛǾƛǘȅ ǘƘŀǘ ƛǎ ŀŎǘƛǾŀǘŜŘ ǳƴŘŜǊ ƻȄƛŘƛȊƛƴƎ 

ŎƻƴŘƛǘƛƻƴǎ ƛƴ /Φ ǊŜƛƴƘŀǊŘǘƛƛ ŀƴŘ ǾŀǎŎǳƭŀǊ Ǉƭŀƴǘǎ ώрпΣ мур-мутϐΦ w./[ ŀƭǎƻ Ŏŀƴ ŦƻǊƳ ŎƻƳǇƭŜȄŜǎ ŀǎ 

ƭŀǊƎŜ ŀǎ ǇƻƭȅǎƻƳŜǎ ǳƴŘŜǊ ǎǘǊŜǎǎ ŎƻƴŘƛǘƛƻƴǎ ώмусϐΦ  5ǳǊƛƴƎ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎΣ ǘƘŜ wǳōƛǎŎƻ 

ƘƻƭƻŜƴȊȅƳŜ ŘƛǎŀǎǎŜƳōƭŜǎ ƛƴǘƻ w./[ ŀƴŘ w./{Σ ǿƘŜǊŜǳǇƻƴ Ƴƻǎǘ w./{ ƛǎ ŘŜƎǊŀŘŜŘ ŀƴŘ w./[ 

ōŜŎƻƳŜǎ ŎƻƳǇŜǘŜƴǘ ǘƻ ōƛƴŘ wb! ǿƛǘƘ ƭƛǘǘƭŜ ƻǊ ƴƻ ǎŜǉǳŜƴŎŜ ǎǇŜŎƛŦƛŎƛǘȅΦ ¢ƘǳǎΣ ǘƘŜ ŜȄŎŜǎǎ ƻŦ w./[ 

ƛǎ ǇƻǘŜƴǘƛŀƭƭȅ ŦƻǊ ŎǇ{D ŦƻǊƳŀǘƛƻƴΦ ¢ƘŜǎŜ ǇǊƻǇŜǊǘƛŜǎ ƻŦ w./[ ǿƻǳƭŘ ōŜ ŜȄǇŜŎǘŜŘ ŦƻǊ ŀ ŎǇ{D 

ŀǎǎŜƳōƭȅ ŦŀŎǘƻǊΦ Lƴ ǘƘƛǎ ƳƻŘŜƭΣ w./[ ŎƻƴŎǳǊǊŜƴǘƭȅ ōƛƴŘǎ ǘƻ Ƴwb!ǎΣ ƻǊ ƻƴŜ Ƴwb! ŀƴŘ ŀƴƻǘƘŜǊ 

w./[Σ ǘƘŜǊŜōȅ ŦƻǊƳƛƴƎ Ƴwbt ŀǎǎŜƳōƭƛŜǎ ƻŦ ƛƴŘŜŦƛƴƛǘŜ ǎƛȊŜΦ hǘƘŜǊ ǇǊƻǘŜƛƴǎ Ƴŀȅ ōƛƴŘ ōȅ ǾƛǊǘǳŜ ƻŦ 

ǘƘŜƛǊ ŀǎǎƻŎƛŀǘƛƻƴ ǿƛǘƘ ǘƘŜǎŜ Ƴwb!ǎ ƻǊ ƻǘƘŜǊ ǇǊƻǘŜƛƴǎ ōƻǳƴŘ ǘƻ ǘƘŜƳΦ   
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/ƘŀǇǘŜǊ нΥ w./[ ƳƛǘƛƎŀǘŜǎ wb! ƻȄƛŘŀǘƛƻƴ ƛƴ /Φ ǊŜƛƴƘŀǊŘǘƛƛΦ 

bƻǘŜΥ Ƴŀƴȅ ƻŦ ǘƘŜ ǊŜǎǳƭǘǎ ƛƴ ǘƘƛǎ ŎƘŀǇǘŜǊ ŀǊŜ ŘŜǎŎǊƛōŜŘ ƛƴ ŀ ƳŀƴǳǎŎǊƛǇǘ ŀǳǘƘƻǊŜŘ ōȅ ƳȅǎŜƭŦΣ Ƴȅ 

ŎƻƭƭŜŀƎǳŜǎ ŀƴŘ 5ǊΦ ²ƛƭƭƛŀƳ ½ŜǊƎŜǎ ό!ǇǇŜƴŘƛȄ LLύΦ 

нΦм LƴǘǊƻŘǳŎǘƛƻƴ 

        Reactive oxygen species (ROS) can cause oxidative damage to diverse biological molecules 

[134]. Most studies have focused on the mechanisms and consequences of oxidation of DNA, 

proteins and lipids. Recently, RNA has been recognized as another important target of oxidation 

[155]. For example, RNA oxidation is an early event in neurodegenerative diseases, such as 

!ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜ [188]. In addition, the oxidation of RNA can be regulatory or involved in a 

signalling pathway [146, 189]. RNA oxidation level can be detected by the level of a modified 

base induced by ROS; 8-oxoguanine (8-oxoG). 8-oxoG is the most common oxidized base and, 

therefore, it is widely a used marker of oxidative damage to both RNA and DNA [190].  

        Compared to the many known antioxidant systems dedicated to DNA, proteins and lipids, 

systems that manage RNA oxidation are still poorly understood. It has been proposed that RNA 

oxidation may be managed in the cytoplasmic RNA granules, such as SGs and P-bodies (see 

Chapter 1) [191]. The recruitment of oxidized RNA-binding protein, such as Auf 1 and YB-1, to 

SGs under oxidative stress suggests that SGs are a location of quality control of oxidized RNA 

[152, 153]Φ άvǳŀƭƛǘȅ ŎƻƴǘǊƻƭέ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ǎǇŜŎƛŦƛŎ ǊŜŎƻƎƴƛǘƛƻƴ ƻŦ ŀōŜǊǊŀƴǘ ƳƻƭŜŎǳƭŜ ŀƴŘ ƛǘǎ 

repair or selective degradation. P-bodies increase in number and size during oxidative stress 

and they are known to contain RNA decay machinery [192]. The normal RNA decay mechanism 

could also apply to the oxidized RNA degradation, although this has not been demonstrated to 
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my knowledge. While our understanding of the quality control of oxidized RNA is advancing, the 

precise mechanisms are still unknown. 

        Lƴ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘǎ ƻŦ ƎǊŜŜƴ ŀƭƎŀŜ ŀƴŘ ǇƭŀƴǘΣ ŀƴǘƛƻȄƛŘŀƴǘ ǎȅǎǘŜƳǎ ŀƴŘ ƳƻƭŜŎǳƭŀǊ ǉǳŀƭƛǘȅ 

ŎƻƴǘǊƻƭ ŀǊŜ ǇŀǊǘƛŎǳƭŀǊƭȅ ƛƳǇƻǊǘŀƴǘ ōŜŎŀǳǎŜ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ƎŜƴŜǊŀǘŜǎ wh{ ώмопϐΦ ²ƘƛƭŜ 

ŎƘƭƻǊƻǇƭŀǎǘǎ ŀǊŜ ƪƴƻǿƴ ǘƻ ƘŀǾŜ ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭ ǎȅǎǘŜƳǎ ŦƻǊ ƻȄƛŘƛȊŜŘ 5b!Σ ǇǊƻǘŜƛƴǎΣ ŀƴŘ ƭƛǇƛŘǎ 

ώмфоϐΣ ƴƻǘƘƛƴƎ ƛǎ ƪƴƻǿƴ ŀōƻǳǘ Ƙƻǿ ǘƘŜȅ ƳŀƴŀƎŜ ƻȄƛŘƛȊŜŘ wb!ǎΦ ! ŦƻǊƳŜǊ ǎǘǳŘŜƴǘ ƛƴ ƻǳǊ 

ƭŀōƻǊŀǘƻǊȅΣ WŀƳŜǎ ¦ƴƛŀŎƪŜΣ ŦƻǳƴŘ ŀ {D-ƭƛƪŜ ǎǘǊǳŎǘǳǊŜ ƛƴ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ƻŦ /Φ ǊŜƛƴƘŀǊŘǘƛƛΣ ǿƘƛŎƘ 

ŀǊŜ ƛŘŜƴǘƛŦƛŜŘ ŀǎ ŎǇ{Dǎ ώоуϐΦ [ƛƪŜ {DǎΣ ǘƘŜ ŎǇ{Dǎ ŎƻǳƭŘ Ǉƭŀȅ ŀ ǊƻƭŜ ƛƴ ƘŀƴŘƭƛƴƎ ƻȄƛŘƛȊŜŘ wb!Φ 

!ƴŀƭȅǎŜǎ ƻŦ ǘƘŜ ŎƻƳǇƻǎƛǘƛƻƴ ƻŦ ŎǇ{Dǎ ǊŜǾŜŀƭŜŘ ŀ ŦŀŎǘƻǊ ǿƘƛŎƘ ŎƻǳƭŘ ōŜ ǊŜƭŀǘŜŘ ǘƻ ŎǇ{D ŦǳƴŎǘƛƻƴ 

ƛƴ ŎƻƴǘǊƻƭƭƛƴƎ wb! ƻȄƛŘŀǘƛƻƴΤ ǘƘŜ ƭŀǊƎŜ ǎǳōǳƴƛǘ ƻŦ wǳōƛǎŎƻ ƘƻƭƻŜƴȊȅƳŜ όw./[ύΦ  

        RBCL has an RNA-binding activity under oxidizing condition and this may be required for its 

recruitment to the cpSGs [38, 54]. RBCL in the cpSGs is not paired with RBCS. RBCL in cpSGs 

ǎƘƻǳƭŘ ƘŀǾŜ ŀƴƻǘƘŜǊ ƛƴŘŜǇŜƴŘŜƴǘ άƳƻƻƴƭƛƎƘǘƛƴƎέ ŦǳƴŎǘƛƻƴ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ ƛǘǎ ƪƴƻǿƴ function in 

photosynthesis [38] [54]. We hypothesized that RBCL can mitigate RNA oxidation by protecting 

RNA from oxidation, or repairing oxidized RNA with RBCL-associated proteins, or selectively 

degrading them. The proposed function that RBCL mitigates the oxidation of RNA, agrees with 

the definition of antioxidant as a molecule that inhibits or delays the oxidation of other 

molecules [194]Φ IŜǊŜŀŦǘŜǊΣ L ǊŜŦŜǊ ǘƻ ǘƘƛǎ άƳƻƻƴƭƛƎƘǘƛƴƎέ ŦǳƴŎǘƛƻƴ ƻŦ w./[ ŀǎ άŀƴ ŀƴǘƛƻȄƛŘŀƴǘ 

ŦǳƴŎǘƛƻƴέΦ     

       Lƴ ǘƘƛǎ ŎƘŀǇǘŜǊΣ Ƴȅ ǊŜǎǳƭǘǎ ǎƘƻǿ ǘƘŀǘ w./[ Ƙŀǎ ŀ wǳōƛǎŎƻ ƛƴŘŜǇŜƴŘŜƴǘ ŦǳƴŎǘƛƻƴΣ ǿƘƛŎƘ ƛǎ 

ǊŜǉǳƛǊŜŘ ŦƻǊ ŎŜƭƭ ǎǳǊǾƛǾŀƭ ŀƴŘ Ǿƛŀōƛƭƛǘȅ ŘǳǊƛƴƎ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎ ŀƴŘ ǘƻ ŎƻƴǘǊƻƭ ǘƘŜ ƭŜǾŜƭ ƻŦ ƻȄƛŘƛȊŜŘ 

wb! ƛƴ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘΦ ¢ƘŜ у-ƻȄƻD ŎƻƴǘŀƛƴƛƴƎ wb! ǿŀǎ ŦƻǳƴŘ ǘƻ ƭƻŎŀƭƛȊŜ ǿƛǘƘƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘΣ 
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ǘƘŜ Ƴŀƛƴ ƛƴǘǊŀŎŜƭƭǳƭŀǊ ǊŜǎŜǊǾƻƛǊ ƻŦ wǳōƛǎŎƻ ώмфрϐΦ ! ŎƻƳǇƭŜȄ ŀōƻǳǘ млл Y5ŀ ǿƘƛŎƘ Ŏƻƴǘŀƛƴǎ w./[ 

ƛǎ ŀƭǎƻ ƛŘŜƴǘƛŦƛŜŘ ōȅ ǘƘŜ ƴƻƴ-ŘŜƴŀǘǳǊƛƴƎ ƎŜƭ ŀƴŘ ǎƛȊŜ-ŜȄŎƭǳǎƛƻƴ ŎƘǊƻƳŀǘƻƎǊŀǇƘȅ ŀǎ ǘƘŜ ǇƻǎǎƛōƭŜ 

ŦƻǊƳ ǘƻ ŎƻƴŦŜǊ ǘƘŜ άƳƻƻƴƭƛƎƘǘƛƴƎέ ŦǳƴŎǘƛƻƴ ƻŦ w./[Φ 

нΦн aŀǘŜǊƛŀƭǎ ŀƴŘ aŜǘƘƻŘǎ 

¢ƘŜ ǎǘǊŀƛƴǎ L ǳǎŜŘ ƛƴ ǘƘƛǎ /ƘŀǇǘŜǊ ŀǊŜ ƭƛǎǘŜŘ ōŜƭƻǿΥ 

¢ŀōƭŜ нΦм {ǘǊŀƛƴǎ ǳǎŜŘ ƛƴ ǘƘŜ ǇƘŜƴƻǘȅǇƛŎ ŀƴŀƭȅǎŜǎΦ 

{ǳǊǾƛǾŀƭ ŀƴŘ Ǿƛŀōƛƭƛǘȅ ǘŜǎǘǎΦ  

.ŜŎŀǳǎŜ wǳōƛǎŎƻ Ƴǳǘŀƴǘǎ ŀǊŜ ƘƛƎƘƭȅ ƭƛƎƘǘ-ǎŜƴǎƛǘƛǾŜ ώмотΣ мфтϐΣ ŀƭƭ ŎǳƭǘǳǊŜǎ ǿŜǊŜ ƎǊƻǿƴ ŀƴŘ 

ǘŜǎǘŜŘ ƛƴ ǘƘŜ ŘŀǊƪ ƻƴ ¢Ǌƛǎ-ŀŎŜǘŀǘŜ ǇƘƻǎǇƘŀǘŜ ό¢!tύ ƳŜŘƛǳƳ ŀƴŘ ŀǘ нпх/ ǿƛǘƘ ƻǊōƛǘŀƭ ǎƘŀƪƛƴƎ 

ώмфуϐΦ DǊƻǿǘƘ ŎǳǊǾŜǎ ǿŜǊŜ ƻōǘŀƛƴŜŘ ǳǎƛƴƎ ŎǳƭǘǳǊŜǎ ƛƴƻŎǳƭŀǘŜŘ ǿƛǘƘ р Ȅ млр ŎŜƭƭǎκƳƭ ƛƴ ¢!t 

ƳŜŘƛǳƳΣ ǿƘŜǊŜǳǇƻƴ ŎŜƭƭ ŘŜƴǎƛǘȅ ǿŀǎ ƳŜŀǎǳǊŜŘ ŀǘ h5тнл ŀƴŘ ǾŜǊƛŦƛŜŘ ōȅ ŎŜƭƭ Ŏƻǳƴǘǎ ƻōǘŀƛƴŜŘ 

ǿƛǘƘ ŀ ƘŀŜƳƻŎȅǘƻƳŜǘŜǊΦ Lǘ ǿŀǎ ŎǊƛǘƛŎŀƭ ǘƻ ǘŜǎǘ ŎǳƭǘǳǊŜǎ ƛƴ ƳƛŘ-ŜȄǇƻƴŜƴǘƛŀƭ ƎǊƻǿǘƘ ǇƘŀǎŜ ǿƛǘƘ 

ŎŜƭƭ ŘŜƴǎƛǘƛŜǎ ƛƴ ǘƘŜ ǊŀƴƎŜ ƻŦ н-п · млс ŎŜƭƭǎκƳƭΦ /Ŝƭƭ ǎǳǊǾƛǾŀƭ ŀƴŘ Ǿƛŀōƛƭƛǘȅ ǿŜǊŜ ŀǎǎŀȅŜŘ ŦƻƭƭƻǿƛƴƎ 

ŀŘŘƛǘƛƻƴ ƻŦ Iнhн ǘƻ пΦл ƳaΦ /Ŝƭƭ ǎǳǊǾƛǾŀƭ ǿŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ŎƻǳƴǘƛƴƎ ǘƘŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ƭƛǾŜ 

ŎŜƭƭǎ ǿƛǘƘ ǘƘŜ ¢ǊȅǇŀƴ ōƭǳŜ ŜȄŎƭǳǎƛƻƴ ŀǎǎŀȅ ό{ƛƎƳŀ-!ƭŘǊƛŎƘύΦ ±ƛŀōƛƭƛǘȅ ǿŀǎ ŘŜǘŜǊƳƛƴŜŘ ŀǎ Ŏƻƭƻƴȅ 

ŦƻǊƳƛƴƎ ǳƴƛǘǎ ƻƴ ŀƎŀǊ-ǎƻƭƛŘƛŦƛŜŘ ƴƻƴ-ǎŜƭŜŎǘƛǾŜ ¢!t ƳŜŘƛǳƳ ōȅ ǇƭŀǘƛƴƎ мло ŎŜƭƭǎ ŀǘ ŜŀŎƘ ǘŜǎǘ ƘƻǳǊΦ  

!ƴŀƭȅǎƛǎ ƻŦ ƻȄƛŘƛȊŜŘ wb! ŀƴŘ 5b! 

{ǘǊŀƛƴ bŀƳŜ ǊōŎ[ w./{ 
wǳōƛǎŎƻκ 

ǇƘƻǘƻǎȅƴǘƘŜǘƛŎ 
 

tŀǊŜƴǘŀƭ ǎǘǊŀƛƴ aǳǘŀǘƛƻƴ 

п!Ҍ ό//-плрмύ  
όǿƛƭŘ-ǘȅǇŜύ 

Ҍ Ҍ Ҍ κ κ 

ɲǊōŎ[-a·оомн - Ҍ - //-онсф ƳǘҌ wŜǇƭŀŎŜƳŜƴǘ ƻŦ ǊōŎ[ ƎŜƴŜ ōȅ ŀŀŘ! ώмлϐ 

ɲw./{-ŘƛƳм Ҍ - - п!Ҍ ό//-плрмύ 
5ŜƭŜǘƛƻƴ ƻŦ ǘƘŜ н w./{ ƎŜƴŜǎ όw./{м ŀƴŘ 

w./{нύ ώмфсϐώфϐ 

ɲǊōŎ[Τ ɲw./{ 
όŘƻǳōƭŜ Ƴǳǘŀƴǘύ 

- - - 
ɲǊōŎ[-a·оомн ϧ 

ɲw./{ 
tǊƻƎŜƴȅ ŦǊƻƳ ŎǊƻǎǎƛƴƎ ǘǿƻ ǇŀǊŜƴǘŀƭ 

ǎǘǊŀƛƴǎ 

ɲw./{-w./{н 
όǊŜǎŎǳŜ Ƴǳǘŀƴǘύ 

Ҍ Ҍ Ҍ ɲw./{-ŘƛƳм 
w./{н ƎŜƴŜ ƻƴ Ǉ{{н ǇƭŀǎƳƛŘ ǿŀǎ 
ǘǊŀƴǎŦƻǊƳŜŘ ōŀŎƪ ǘƻ ɲw./{-ŘƛƳм 
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      hȄƛŘƛȊŜŘ wb! ŀƴŘ 5b! ǿŜǊŜ ǉǳŀƴǘƛŦƛŜŘ ǳǎƛƴƎ ŀƭƛǉǳƻǘǎ ƻŦ ǘƘŜ ǎŀƳŜ ŎǳƭǘǳǊŜǎΦ ²ƘŜǊŜ 

ƛƴŘƛŎŀǘŜŘΣ ŎŜƭƭǎ ǿŜǊŜ ǇǊŜ-ƛƴŎǳōŀǘŜŘ ǿƛǘƘ млл Ǝ˃κ Ƴ[ ŎƘƭƻǊŀƳǇƘŜƴƛŎƻƭ ƻǊ млл Ǝ˃κ Ƴ[ ƭƛƴŎƻƳȅŎƛƴ 

ŦƻǊ мр ƳƛƴΦ /Ŝƭƭǎ ǿŜǊŜ ǘǊŜŀǘŜŘ ǿƛǘƘ н Ƴa Iнhн ŦƻǊ мр Ƴƛƴ ǇǊƛƻǊ ǘƻ ǘƘŜ ŎƻƭƭŜŎǘƛƻƴ ǿƘŜǊŜ 

ƛƴŘƛŎŀǘŜŘΦ ¢ƻǘŀƭ wb! ǿŀǎ ŜȄǘǊŀŎǘŜŘ ǳǎƛƴƎ ǘƘŜ ¢wL-ǊŜŀƎŜƴǘ ό{ƛƎƳŀ-!ƭŘǊƛŎƘύ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ 

ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǇǊƻǘƻŎƻƭΦ ¢ƻǘŀƭ 5b! ǿŀǎ ŜȄǘǊŀŎǘŜŘ ǳǎƛƴƎ ƘŜȄŀŘŜŎȅƭǘǊƛƳŜǘƘȅƭŀƳƳƻƴƛǳƳ 

ōǊƻƳƛŘŜΣ ŀǎ ŘŜǎŎǊƛōŜŘ ǇǊŜǾƛƻǳǎƭȅ ώмффϐΦ wb! ŀƴŘ 5b! ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ǿŜǊŜ ǉǳŀƴǘƛŦƛŜŘ ǿƛǘƘ ŀ 

нмлл .ƛƻŀƴŀƭȅȊŜǊ ό!ƎƛƭŜƴǘύ ŀƴŘ ŦǊƻƳ h5нсл ǾŀƭǳŜǎ ƻōǘŀƛƴŜŘ ǿƛǘƘ ŀ ¦± ǎǇŜŎǘǊƻǇƘƻǘƻƳŜǘŜǊΣ 

ǊŜǎǇŜŎǘƛǾŜƭȅΦ ¢ƻǘŀƭ wb! όр ҡƎύ ŀƴŘ 5b! όм ҡƎύ ǎŀƳǇƭŜǎ ǿŜǊŜ ǘǊŀƴǎŦŜǊǊŜŘ ǘƻ ŀ лΦпр Ƴ˃ ǇƻǊŜ ǎƛȊŜ 

ƴƛǘǊƻŎŜƭƭǳƭƻǎŜ ƳŜƳōǊŀƴŜ ό.ƛƻ-ǊŀŘύ ǿƛǘƘ ŀ aƛƴƛŦƻƭŘ-LL ǎƭƻǘ ōƭƻǘ ǎȅǎǘŜƳ ό{ŎƘƭŜƛŎƘŜǊ ϧ {ŎƘǳŜƭƭύΦ 

CƛƭǘŜǊǎ ǿŜǊŜ ōƭƻŎƪŜŘ ǿƛǘƘ р҈ όǿκǾύ ƴƻƴ-Ŧŀǘ ŘǊƛŜŘ Ƴƛƭƪ ƛƴ м·t.{¢ όbŀ/ƭ мот ƳaΣ Y/ƭ нΦт ƳaΣ 

bŀнIthп мл ƳaΣ YIнthп мΦу ƳaΣ ¢ǿŜŜƴ нл лΦм҈ύ ŀǘ ǊƻƻƳ ǘŜƳǇŜǊŀǘǳǊŜ ŦƻǊ м Ƙ ŀƴŘ ǊŜŀŎǘŜŘ 

ǿƛǘƘ ŀ ŎƻƳƳŜǊŎƛŀƭ ŀƴǘƛōƻŘȅ ŀƎŀƛƴǎǘ у-ƻȄƻD ǿƛǘƘ мΥрлл Řƛƭǳǘƛƻƴ όv95 .ƛƻǎŎƛŜƴŎŜ LƴŎΦΣ ŎƭƻƴŜ 

мр!оύ ƻǾŜǊƴƛƎƘǘΣ ŀǘ п ƻ/ ώнллϐΦ ! Ǝƻŀǘ ŀƴǘƛ-ƳƻǳǎŜ ǎŜŎƻƴŘŀǊȅ ŀƴǘƛōƻŘȅ όYt[ύ ǿŀǎ ǳǎŜŘ ŀƴŘ 9/[ 

ŘŜǘŜŎǘƛƻƴ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ǿƛǘƘ ŀ ŎƻƳƳŜǊŎƛŀƭ ƪƛǘ όaƛƭƭƛǇƻǊŜύΦ vǳŀƴǘƛŦƛŎŀǘƛƻƴ ŀƴŘ ǎǘŀǘƛǎǘƛŎŀƭ 

ŀƴŀƭȅǎŜǎ ƻŦ ǘƘŜ ǎƛƎƴŀƭǎ ǿŜǊŜ ŎŀǊǊƛŜŘ ƻǳǘ ŀǎ ŘŜǎŎǊƛōŜ ƛƴ ǘƘŜ ǇǊŜǾƛƻǳǎ ǇŀǇŜǊ ώнлмϐΦ ¢Ƙƛǎ 

ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ǿŀǎ ŎƻƳǇƭƛŎŀǘŜŘ ōȅ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ŜŀŎƘ ǊŜǇƭƛŎŀǘŜ ƎŀǾŜ ƻƴƭȅ ǊŜƭŀǘƛǾŜ ǎƛƎƴŀƭ 9/[ 

ǎǘǊŜƴƎǘƘǎ ŦƻǊ wb! όƻǊ 5b!ύ ŦǊƻƳ ŜŀŎƘ ƻŦ ǘƘŜ ǎǘǊŀƛƴǎ ŀƴŘ ŎƻƴŘƛǘƛƻƴǎΦ ¢ƘŜǊŜŦƻǊŜΣ ōŜŎŀǳǎŜ ǘƘŜ 

ǎƛƎƴŀƭ ǎǘǊŜƴƎǘƘ ŦǊƻƳ ǘƘŜ ɲǊōŎ[ wb! ǿŀǎ ŎƻƴǎƛǎǘŜƴǘƭȅ ƘƛƎƘΣ ƛǘ ǿŀǎ ŘŜǎƛƎƴŀǘŜŘ ŀǎ млл҈ ŀƴŘ ǘƘŜ 

9/[ ǎƛƎƴŀƭǎ ŦǊƻƳ ǘƘŜ ƻǘƘŜǊ ǎŀƳǇƭŜǎ ǿŜǊŜ ŜȄǇǊŜǎǎŜŘ ŀǎ ŀ ǇŜǊŎŜƴǘŀƎŜ ǾŀƭǳŜΦ  hƴŜ ǎŀƳǇƭŜ ǘ-ǘŜǎǘǎ 

ǿŜǊŜ ǳǎŜŘ ǘƻ ŀǎƪ ǿƘŜǘƘŜǊ ǘƘŜ ŀǾŜǊŀƎŜ 9/[ ǎƛƎƴŀƭ ŘƛŦŦŜǊŜŘ ŦǊƻƳ млл҈Φ  

/Φ ǊŜƛƴƘŀǊŘǘƛƛ ƳƛŎǊƻǎŎƻǇȅ ŀƴŘ LC-ǎǘŀƛƴƛƴƎΦ  

   ¢ƘŜ ǇǊƻǘƻŎƻƭǎ ŦƻǊ ŎŜƭƭ ŦƛȄŀǘƛƻƴΣ ǇŜǊƳŜŀōƛƭƛȊŀǘƛƻƴΣ ŀƴŘ LC ǎǘŀƛƴƛƴƎ ƛƴ /Φ ǊŜƛƴƘŀǊŘǘƛƛ ǿŜǊŜ ǊŜǇƻǊǘŜŘ 
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ǇǊŜǾƛƻǳǎƭȅ ώнлнϐΦ ²ƘŜǊŜ ƛƴŘƛŎŀǘŜŘΣ ǎƭƛŘŜǎ ǿŜǊŜ ǘǊŜŀǘŜŘ ŦƻǊ мƘ ŀǘ отх/ ǿƛǘƘ мл ҡƎκƳƭ wbŀǎŜ ƻǊ рл 

ҡƎκƳƭ 5bŀǎŜΣ ŦƻƭƭƻǿƛƴƎ ŎŜƭƭ ŦƛȄŀǘƛƻƴ ŀƴŘ ǇŜǊƳŜŀōƛƭƛȊŀǘƛƻƴΦ у-ƻȄƻD ǿŀǎ ƛƳƳǳƴƻŘŜǘŜŎǘŜŘ ǿƛǘƘ ŀ 

ƳƻƴƻŎƭƻƴŀƭ ƳƻǳǎŜ ŀƴǘƛōƻŘȅ όv95 .ƛƻǎŎƛŜƴŎŜ LƴŎΦΣ ŎƭƻƴŜ мр!оύΦ CƻǊ ǘƘŜ ŀƴǘƛōƻŘȅ ōƭƻŎƪ 

ŜȄǇŜǊƛƳŜƴǘΣ м Ǝ˃ ƻŦ ŀƴǘƛōƻŘȅ ŀƎŀƛƴǎǘ у-ƻȄƻD ǿŀǎ ǇǊŜ-ƛƴŎǳōŀǘŜŘ ǿƛǘƘ мл ҡƎ у-hIŘD ό{ƛƎƳŀ-

!ƭŘǊƛŎƘύ ŦƻǊ о Ƙ ōŜŦƻǊŜ ǇǊƻōƛƴƎΦ Ǉǎō! Ƴwb! ǇǊƻōŜ ŎƻƴƧǳƎŀǘŜŘ ǿƛǘƘ !ƭŜȄŀ CƭǳƻǊ пуу όLƴǾƛǘǊƻƎŜƴ 

LƴŎΦύ ǿŀǎ ǳǎŜŘ ƛƴ ǘƘŜ CL{I ŜȄǇŜǊƛƳŜƴǘΦ wŀōōƛǘ ŀƴǘƛōƻŘƛŜǎ ǿŜǊŜ ǳǎŜŘ ǘƻ ƛƳƳǳƴƻŘŜǘŜŎǘ w./[ 

ό!ƎǊƛǎŜǊŀ !{лолотύΣ ǘƘŜ ол{ ǎǳōǳƴƛǘ ŎƘƭƻǊƻǇƭŀǎǘ ǊƛōƻǎƻƳŀƭ-ǇǊƻǘŜƛƴ ό{-нлύ ŀƴŘ ŀ ǎǘǊƻƳŀƭ ǇǊƻǘŜƛƴΤ 

I{tтл ώнлоϐΦ {ŜŎƻƴŘŀǊȅ ŀƴǘƛōƻŘƛŜǎ ǿŜǊŜΥ !ƭŜȄŀ CƭǳƻǊ пуу Ǝƻŀǘ ŀƴǘƛ-ƳƻǳǎŜ LƎD ŀƴŘ !ƭŜȄŀ CƭǳƻǊ 

рсу Ǝƻŀǘ ŀƴǘƛ-Ǌŀōōƛǘ LƎD όLƴǾƛǘǊƻƎŜƴ LƴŎΦύΦ LƳŀƎŜǎ ǿŜǊŜ ŀŎǉǳƛǊŜŘ ōȅ ŜǇƛŦƭǳƻǊŜǎŎŜƴŎŜ ƳƛŎǊƻǎŎƻǇȅ 

ǳǎƛƴƎ ŀ [ŜƛŎŀ 5aL сллл ƳƛŎǊƻǎŎƻǇŜ ό[ŜƛŎŀ aƛŎǊƻǎȅǎǘŜƳǎύ ǿƛǘƘ ŀ со·κ мΦп ƻƛƭ ƻōƧŜŎǘƛǾŜΣ ŀ 

IŀƳŀƳŀǘǎǳ hǊŎŀwн ŎŀƳŜǊŀ ŀƴŘ ±ƻƭƻŎƛǘȅ ŀŎǉǳƛǎƛǘƛƻƴ ǎƻŦǘǿŀǊŜ όtŜǊƪƛƴ-9ƭƳŜǊύΦ ½-ǎǘŀŎƪǎ ǿŜǊŜ 

ǘŀƪŜƴ ōȅ ǎŜǊƛŜǎ ŎŀǇǘǳǊŜ ŀǘ ŀ ǘƘƛŎƪƴŜǎǎ ƻŦ лΦн ҡƳ ǇŜǊ ǎŜŎǘƛƻƴΦ {ǘŀŎƪǎ ǿŜǊŜ ŘŜŎƻƴǾƻƭǳǘŜŘ ǿƛǘƘ 

!ǳǘƻvǳŀƴǘ ·о όaŜŘƛŀ /ȅōŜǊƴŜǘƛŎǎ LƴŎΦύ ώнлпϐΦ /ƻ-ƭƻŎŀƭƛȊŀǘƛƻƴ ǇŀǘǘŜǊƴ ǿŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ Ŏƻ-

ƭƻŎŀƭƛȊŀǘƛƻƴ ŦƛƴŘŜǊ ǇƭǳƎƛƴ ƻŦ LƳŀƎŜWΦ  

{ǳŎǊƻǎŜ 5Ŝƴǎƛǘȅ DǊŀŘƛŜƴǘ ¦ƭǘǊŀŎŜƴǘǊƛŦǳƎŀǘƛƻƴ 

    /ǳƭǘǳǊŜǎ ǿƛǘƘ ŀ ŎŜƭƭ ŘŜƴǎƛǘȅ ƻŦ н-п · млс ŎŜƭƭǎκ Ƴ[ ŀƴŘ ƛƴ ŜȄǇƻƴŜƴǘƛŀƭ ƎǊƻǿǘƘ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ōȅ 

ŎŜƴǘǊƛŦǳƎŀǘƛƻƴ ŀǘ рллл ǊǇƳ ŦƻǊ р Ƴƛƴ ŀƴŘ ƛƳƳŜŘƛŀǘŜƭȅ ŦǊƻȊŜƴ ƛƴ ƭƛǉǳƛŘ ƴƛǘǊƻƎŜƴΦ ¢ƘŜ ŦǊƻȊŜƴ 

ǇŜƭƭŜǘ ǿŀǎ ƎǊƻǳƴŘ ǘƻ ŀ ǇƻǿŜǊ ǿƛǘƘ ŀ ƳƻǊǘŀǊ ŀƴŘ ǇŜǎǘƭŜ ƻƴ ŘǊȅ ƛŎŜΦ ¢ƘŜ ǊŜǎǳƭǘƛƴƎ ŦǊƻȊŜƴ ŎŜƭƭ 

άƎǊƛƴŘŀǘŜέ ǿŀǎ ǘǊŀƴǎŦŜǊǊŜŘ ǘƻ ŀ ǇǊŜ-ŎƘƛƭƭŜŘ ǘǳōŜ ŀƴŘ р ǾƻƭǳƳŜǎ ƻŦ ŜȄǘǊŀŎǘƛƻƴ ōǳŦŦŜǊ όлΦн a ¢Ǌƛǎ-/ƭ 

ώǇI фΦлϐΣ лΦн a Y/ƭΣ ор Ƴa aƎ/ƭнΣ нр Ƴa 9D¢!Σ лΦнa ǎǳŎǊƻǎŜΣ м҈ ¢Ǌƛǘƻƴ Ȅ-млл ώǾκǾϐΣ лΦр ƳƎκƳƭ 

ƘŜǇŀǊƛƴΣ лΦт҈ -̡ƳŜǊŎŀǇǘƻŜǘƘŀƴƻƭ ώǾκǾϐΣ лΦло ƳƎκƳƭ ta{Cύ ǿŜǊŜ ŀŘŘŜŘΦ ¢ƘŜ ǎŀƳǇƭŜǎ ǿŜǊŜ 

ǊŜǎǳǎǇŜƴŘŜŘ ŀƴŘ ǘƘŜƴ ƳŀƛƴǘŀƛƴŜŘ ƻƴ ƛŎŜ ŦƻǊ мл-мр ƳƛƴΦ {ƻŘƛǳƳ ŘŜƻȄȅŎƘƻƭŀǘŜ ǿŀǎ ŀŘŘŜŘ ǘƻ ŀ 
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Ŧƛƴŀƭ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƻŦ лΦр҈ όǿǘκǾύΦ {ŀƳǇƭŜǎ ǿŜǊŜ ƛƴŎǳōŀǘŜŘ ƻƴ ƛŎŜ ŦƻǊ р ƳƛƴΦ !ŦǘŜǊ 

ŎŜƴǘǊƛŦǳƎŀǘƛƻƴ ŀǘ мпΣллл ǊǇƳ ŀǘ пƻ/ ŦƻǊ нл ƳƛƴΣ ǘƘŜ ǎǳǇŜǊƴŀǘŀƴǘ ǿŀǎ ƭƻŀŘŜŘ ƻƴǘƻ ŀ мр҈-рр҈ 

Ŏƻƴǘƛƴǳƻǳǎ ǎǳŎǊƻǎŜ ƎǊŀŘƛŜƴǘ όпл Ƴa ¢Ǌƛǎ-/ƭ ώǇIуϐΣ нл Ƴa Y/ƭΣ мл Ƴa aƎ/ƭнΣ лΦр ƳƎκƳƭ 

IŜǇŀǊƛƴύΦ ¢ƘŜ ƎǊŀŘƛŜƴǘ ǿŀǎ ŘƛǎǇŜƴǎŜŘ ǳǎƛƴƎ ŀƴ 9Ŏƻƴƻ ǇǳƳǇ ό.ƛƻ-wŀŘύΦ ¢ƘŜ ƎǊŀŘƛŜƴǘǎ ǿŜǊŜ 

ŎŜƴǘǊƛŦǳƎŜŘ ŀǘ орΣ ллл ǊǇƳ ŦƻǊ ср ƳƛƴΣ ŀǘ п ƻ/ ό.ŜŎƪƳŜƴ hǇǘƛƳŀ ·[-мллY ¦ƭǘǊŀŎŜƴǘǊƛŦǳƎŜΣ {² 

¢пм ǊƻǘƻǊύΦ CǊŀŎǘƛƻƴǎ ƻŦ м Ƴƭ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ǘƘǊƻǳƎƘ ŀ ƴŜŜŘƭŜ ǿƘƛŎƘ ǇƛŜǊŎŜŘ ǘƘŜ ōƻǘǘƻƳ ƻŦ ǘƘŜ 

ŎŜƴǘǊƛŦǳƎŜ ǘǳōŜΦ CǊŀŎǘƛƻƴǎ ƛƴ ƳƛŎǊƻŦǳƎŜ ǘǳōŜǎ ǿŜǊŜ ŦǊƻȊŜƴ ŀƴŘ ƳŀƛƴǘŀƛƴŜŘ ŀǘ -ул ƻ/Φ 

tƻƭȅŀŎǊȅƭŀƳƛŘŜ ƎŜƭ ŜƭŜŎǘǊƻǇƘƻǊŜǎƛǎ ǳƴŘŜǊ ƴƻƴ-ŘŜƴŀǘǳǊƛƴƎ ŎƻƴŘƛǘƛƻƴǎ 

     bƻƴ-ŘŜƴŀǘǳǊƛƴƎ ǇƻƭȅŀŎǊȅƭŀƳƛŘŜ ƎŜƭ όр҈ ώǿǘκǾϐ ŀŎǊȅƭŀƳƛŘŜ ŎƻƴǘŀƛƴƛƴƎ лΦн҈ ώǿǘκǾϐ bΣbΩ-

ƳŜǘƘȅƭŜƴŜ-ōƛǎŀŎǊȅƭŀƳƛŘŜύ ŜƭŜŎǘǊƻǇƘƻǊŜǎƛǎ ǿŀǎ ŎŀǊǊƛŜŘ ƻǳǘ ŀǎ ŘŜǎŎǊƛōŜŘ ǇǊŜǾƛƻǳǎƭȅ ώнлрϐΦ 

{ŀƳǇƭŜǎ ƻŦ ŦǊŀŎǘƛƻƴǎ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ǘƘŜ ǇƻƭȅǎƻƳŜ-ŎƻƴǘŀƛƴƛƴƎ ŦǊŀŎǘƛƻƴǎ ƻŦ ŀ ǎǳŎǊƻǎŜ ƎǊŀŘƛŜƴǘ 

ǿŜǊŜ ƭƻŀŘŜŘ ƻƴ ǘƘŜ ƎŜƭ ŀƴŘ ŜƭŜŎǘǊƻǇƘƻǊŜǎƛǎ ǿŀǎ ŎŀǊǊƛŜŘ ƻǳǘ ŀǘ мл Ƴ! ŦƻǊ мс Ƙ ŀǘ п ƻ/Φ IƛƎƘ 

ƳƻƭŜŎǳƭŀǊ ǿŜƛƎƘǘ ƴŀǘƛǾŜ ƳŀǊƪŜǊǎ ǿŜǊŜ ǳǎŜŘ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ ǎƛȊŜ ƻŦ ōŀƴŘǎ όD9ύΦ 

LƳƳǳƴƻōƭƻǘ ƻŦ ǘƘŜ ƴƻƴ-ŘŜƴŀǘǳǊƛƴƎ ƎŜƭ  

     All procedures followed standard protocols [206]. Proteins on non-denaturing gels were 

electro-transferred to PVDF membrane at 300 mA for 2.5 h in transfer buffer (25 mM Tris, 190 

mM glycine, 0.1% SDS [w/v] and 20% methanol [v/v]). RBCL was detected using a commercial 

polyclonal rabbit antibody from Agrisera (AS03037) at a 1:2000 dilution. A chemiluminescent 

HRP substrate (ECL) (Milipore) was used and the chemiluminescent signal was collected by film 

(Hyblot) and developed in a Kodak developer.  

{ƛȊŜ-ŜȄŎƭǳǎƛƻƴ ŎƘǊƻƳŀǘƻƎǊŀǇƘȅ 

    To identify the protein complex in the ɲw./{, cells in a 300 ml culture of ɲw./{ cells were 
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pelleted by centrifugation (4,000 x g, 5 min), frozen in liquid nitrogen and then ground with a 

mortar and pestle to a fine power in lysis buffer (лΦн a ¢Ǌƛǎ-/ƭ ώǇI фΦлϐΣ лΦн a Y/ƭΣ ор Ƴa aƎ/ƭнΣ 

нр Ƴa 9D¢!Σ лΦн a {ǳŎǊƻǎŜΣ м҈ ¢Ǌƛǘƻƴ ·-млл ώǾκǾϐΣ лΦр ƳƎκƳƭ IŜǇŀǊƛƴΣ лΦло ƳƎκƳƭ ta{C). 

Thawing this material gave cell lysates, which were concentrated using 10 kDa Amicon Ultra 

centrifugal filter units (Fisher). Protein concentration was determined by standard BCA assay 

(Thermo scientific). 5 mg samples were loaded either onto a HiLoad 16/600 Superdex 200 pg 

column or a Superose 12, 10/300 GL column (GE Healthcare). The Amersham Pharmacia AKTA 

Explorer 10 chromatography system was used to separate the proteins according to their sizes 

and collect the fractions (1 mL each). The first 6 mL of an elute was discarded. Elution was 

performed with gel filtration buffer (10 mm EDTA, 10 mm Tricine/KOH pH 7.5, and 5.0 mM KCl) 

at 1 mL/ min flow rate. Fractions were analyzed by SDS-PAGE and immunoblotting, as described 

above for the non-denaturing gels.  

5ŜǘŜŎǘƛƻƴ ƻŦ ǘƘŜ Ƴwb! ƭŜǾŜƭǎ ƻŦ ǘƘŜ wh{ ƛƴŘǳŎŜŘ ƎŜƴŜǎ 

     [ŜǾŜƭǎ ƻŦ ƳŀǊƪŜǊ ǘǊŀƴǎŎǊƛǇǘǎ ƻŦ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎ ǿŜǊŜ ƳŜŀǎǳǊŜŘ ǿƛǘƘ ǘƘŜ vǳŀƴǘƛƎŜƴŜн ŀǎǎŀȅ 

όtŀƴƻƳƛŎǎ LƴŎΦύ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ǎǘŀƴŘŀǊŘ ǇǊƻǘƻŎƻƭΦ ¢ƘŜ ƳŀǊƪŜǊ ƎŜƴŜǎ ŀǊŜ ƎƭǳǘŀǘƘƛƻƴŜ ǇŜǊƻȄƛŘŀǎŜ р 

όDt·рύ ό·aψллмсфурноύΣ ǿƘƛŎƘ ƛǎ ƛƴŘǳŎŜŘ ōȅ ǎƛƴƎƭŜǘ ƻȄȅƎŜƴ ŀƴŘ ƎƭǳǘŀǘƘƛƻƴŜ {- ǘǊŀƴǎŦŜǊŀǎŜ н 

όD{¢{нύ ό·aψллмсффнмпύΣ ǿƘƛŎƘ ŀǊŜ ƛƴŘǳŎŜŘ ōȅ ǾŀǊƛƻǳǎ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎŜǎ ώнлтϐΦ ¢ǊŀƴǎŎǊƛǇǘ 

ƭŜǾŜƭǎ ǿŜǊŜ ƴƻǊƳŀƭƛȊŜŘ ǘƻ ǘƘŜ ƭŜǾŜƭ ƻŦ ǘƘŜ ǘǊŀƴǎŎǊƛǇǘ ƻŦ wt{нс ό·tψллмсфмфлмύΦ ¢ƘŜƴ ǘƘŜ 

ƴƻǊƳŀƭƛȊŜŘ ǘǊŀƴǎŎǊƛǇǘ ƭŜǾŜƭǎ ƛƴ ǘƘŜ Ƴǳǘŀƴǘ ǎǘǊŀƛƴǎ ǿŜǊŜ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ǘƘŀǘ ƛƴ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴ 

όмлл҈ύ ǘƻ ƎŜƴŜǊŀǘŜ ŀ ōŀǊ ƎǊŀǇƘΦ  
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нΦо wŜǎǳƭǘǎ 

нΦоΦм w./[ ƛǎ ǊŜǉǳƛǊŜŘ ŦƻǊ ǘƻƭŜǊŀƴŎŜ ǘƻ IнhнΦ 

L ǳǎŜŘ ŀ ƎŜƴŜǘƛŎ ŀǇǇǊƻŀŎƘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǿƘŜǘƘŜǊ ŀƴ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎ ŎƻƴŘƛǘƛƻƴ ǘƘŀǘ ƛǎ 

ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŎǇ{D ŀǎǎŜƳōƭȅ ƴŜŎŜǎǎƛǘŀǘŜǎ ŀƴ ǳƴƪƴƻǿƴ ƴƻǾŜƭ ŦǳƴŎǘƛƻƴ ƻŦ w./[Φ /ǳƭǘǳǊŜǎ ƻŦ ŀƴ 

ǊōŎ[ ƴǳƭƭ ƳǳǘŀƴǘΣ ɲǊōŎ[-a·оомн όƘŜǊŜŀŦǘŜǊ άɲǊōŎ[έύ ŀƴŘ ŀ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴ ǿŜǊŜ ŜȄǇƻǎŜŘ ǘƻ ŀ 

ǘƻȄƛŎ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƻŦ Iнhн όпΦл Ƴaύ ŀƴŘ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ƭƛǾŜ ŎŜƭƭǎ ƛƴ ŜŀŎƘ ŎǳƭǘǳǊŜ ǿŀǎ 

ƳƻƴƛǘƻǊŜŘ ŀǘ ŜŀŎƘ ƘƻǳǊ ƻǾŜǊ ŀƴ у Ƙ ǘƛƳŜ ŎƻǳǊǎŜ ŜȄǇŜǊƛƳŜƴǘ όCƛƎΦ нΦ м !ύΦ tǊƛƻǊ ǘƻ ǘƘŜ ŀŘŘƛǘƛƻƴ ƻŦ 

IнhнΣ ŎǳƭǘǳǊŜǎ ƻŦ ɲǊōŎ[ ŀƴŘ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴ ƎǊŜǿ ŀǘ ǎƛƳƛƭŀǊ ǊŀǘŜǎ ŀƴŘ ǎƘƻǿŜŘ ƴƻ ŜǾƛŘŜƴŎŜ ƻŦ 

ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎ ό{ǳǇ CƛƎ нΦмύΦ CƻƭƭƻǿƛƴƎ ǘƘŜ ŀŘŘƛǘƛƻƴ ƻŦ IнhнΣ L ŦƻǳƴŘ ǘƘŀǘ ɲǊōŎ[ ŎŜƭƭǎ ŘƛŜŘ 

ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŦŀǎǘŜǊ ǘƘŀƴ ŘƛŘ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ŎŜƭƭǎ όCƛƎΦ нΦм !ύΦ ¢ƘŜǎŜ ǊŜǎǳƭǘǎ ǊŜǾŜŀƭŜŘ ǘƘŀǘ w./[ ƛǎ 

ǊŜǉǳƛǊŜŘ ŦƻǊ Iнhн ǘƻƭŜǊŀƴŎŜΣ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ŀ ǇǳǘŀǘƛǾŜ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎ ǘƻƭŜǊŀƴǘ ŦǳƴŎǘƛƻƴ ƻŦ ǘƘƛǎ 

ǇǊƻǘŜƛƴΦ  

   wǳōƛǎŎƻ-ŘŜŦƛŎƛŜƴǘ Ƴǳǘŀƴǘǎ ƭŀŎƪ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎΣ ǇƘƻǘƻǊŜǎǇƛǊŀǘƛƻƴΣ ŀƴŘ ŀ ǇȅǊŜƴƻƛŘ ώнлуΣ 

нлфϐΦ ¢ƻ ŘŜǘŜǊƳƛƴŜ ǿƘŜǘƘŜǊ ƻƴŜ ƻǊ ƳƻǊŜ ƻŦ ǘƘŜǎŜ ŘŜŦŜŎǘǎ ƛƳǇŀƛǊǎ Iнhн ǘƻƭŜǊŀƴŎŜ ƛƴ ɲǊōŎ[Σ ǿŜ 

ǘŜǎǘŜŘ ŀƴƻǘƘŜǊ wǳōƛǎŎƻ-ŘŜŦƛŎƛŜƴǘ ƳǳǘŀƴǘΣ ɲw./{-ŘƛƳм όƘŜǊŜŀŦǘŜǊ άɲw./{έύΣ ǿƘƛŎƘ ŎŀǊǊƛŜǎ ŀ 

ŘŜƭŜǘƛƻƴ ƻŦ ǘƘŜ ǘǿƻ ƴǳŎƭŜŀǊ ƎŜƴŜǎ ōǳǘ ƛǎ ǿƛƭŘ-ǘȅǇŜ ŦƻǊ ǘƘŜ ǊōŎ[ ƎŜƴŜ ώмфсϐΦ LŦ ƻƴŜ ƻǊ ƳƻǊŜ 

wǳōƛǎŎƻ-ŘŜǇŜƴŘŜƴǘ ǘǊŀƛǘǎ ŀǊŜ ƛƴǾƻƭǾŜŘ ƛƴ Iнhн ǘƻƭŜǊŀƴŎŜΣ ǘƘŜƴ ōƻǘƘ wǳōƛǎŎƻ-ŘŜŦƛŎƛŜƴǘ Ƴǳǘŀƴǘǎ 

ǎƘƻǳƭŘ ǎƘƻǿ ǎƛƳƛƭŀǊƭȅ ƛƳǇŀƛǊŜŘ Iнhн ǘƻƭŜǊŀƴŎŜΦ !ƭǘŜǊƴŀǘƛǾŜƭȅΣ ƛŦ ŀ wǳōƛǎŎƻ-ƛƴŘŜǇŜƴŘŜƴǘ ŦǳƴŎǘƛƻƴ 

ƻŦ w./[ ƛǎ ƛƴǾƻƭǾŜŘΣ ɲw./{ ǎƘƻǳƭŘ ōŜ ƳƻǊŜ Iнhн ǘƻƭŜǊŀƴǘ ǘƘŀƴ ɲǊōŎ[Φ Lƴ ǘƘƛǎ ŎŀǎŜΣ ǿŜ ŜȄǇŜŎǘŜŘ ŀ 

ƳŀǊƎƛƴŀƭ ŘƛŦŦŜǊŜƴŎŜ ōŜŎŀǳǎŜ ɲw./{ ŀŎŎǳƳǳƭŀǘŜǎ w./[ ǘƻ м-мл҈ ƻŦ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ƭŜǾŜƭ ό½Ƙŀƴ Ŝǘ 

ŀƭΦ ǎǳōƳƛǘǘŜŘΣ CƛƎ пΣ !ǇǇŜƴŘƛȄ LLύΦ {ǳǊǇǊƛǎƛƴƎƭȅΣ ɲw./{ ǎƘƻǿŜŘ ŜǾŜƴ ƘƛƎƘŜǊ Iнhн ǘƻƭŜǊŀƴŎŜ ǘƘŀƴ 

ǘƘŀǘ ƻŦ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴ όCƛƎΦ нΦм !ύΦ ¢ƘŜ Iнhн ƘȅǇŜǊǘƻƭŜǊŀƴŎŜ ƻŦ ɲw./{ ǿŀǎ ŀƭǎƻ ƻōǎŜǊǾŜŘ ƛƴ 
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ŀ ƳƻǊŜ ǎǘǊƛƴƎŜƴǘ Ǿƛŀōƛƭƛǘȅ ŀǎǎŀȅ ƳŜŀǎǳǊŜŘ ŀǎ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ǘƘŜ ƛƴƛǘƛŀƭ /C¦ όCƛƎΦ нΦм .ύΦ ¢ƘŜ 

ŦƛƴŘƛƴƎ ǘƘŀǘ ɲǊōŎ[Σ ōǳǘ ƴƻǘ ɲw./{Σ ƛǎ ƛƳǇŀƛǊŜŘ ƛƴ Iнhн ǘƻƭŜǊŀƴŎŜ ǎǳǇǇƻǊǘǎ ƻǳǊ ƘȅǇƻǘƘŜǎƛǎ ǘƘŀǘ 

w./[ Ƙŀǎ ŀ wǳōƛǎŎƻ-ƛƴŘŜǇŜƴŘŜƴǘ ŦǳƴŎǘƛƻƴ ŀƴŘ ǘƘŀǘ ǘƘƛǎ ŦǳƴŎǘƛƻƴ ŀŦŦŜŎǘǎ ǘƻƭŜǊŀƴŎŜ ǘƻ ŀ wh{Φ ¢ƘŜ 

ǳƴŜȄǇŜŎǘŜŘ Iнhн ƘȅǇŜǊǘƻƭŜǊŀƴŎŜ ƻŦ ɲw./{ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǘƘŜ w./[ ƛƴ ǘƘƛǎ Ƴǳǘŀƴǘ Ƙŀǎ ŜƴƘŀƴŎŜŘ 

ŀƴǘƛƻȄƛŘŀƴǘ ŀŎǘƛǾƛǘȅ ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ w./[ ƛƴ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴΦ ¢Ƙƛǎ ŎƻǳƭŘ ǊŜŦƭŜŎǘ ƎǊŜŀǘŜǊ 

ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ w./[ ŦƻǊ ǘƘŜ ƳƻƻƴƭƛƎƘǘƛƴƎ ŦǳƴŎǘƛƻƴ ƛƴ ǘƘŜ ŎƻƴǘǊƻƭ ƻŦ ƻȄƛŘƛȊŜŘ wb! ǿƘŜƴ ƛǘ Ŏŀƴƴƻǘ 

ōŜ ŀǎǎŜƳōƭŜŘ ƛƴǘƻ ǘƘŜ wǳōƛǎŎƻ ƘƻƭƻŜƴȊȅƳŜ ŎƻƳǇƭŜȄΦ  

{ǳōǎǘŀƴǘƛŀǘƛƻƴ ƻŦ ƻǳǊ ƘȅǇƻǘƘŜǎƛǎ ǘƘŀǘ w./[ Ƙŀǎ ŀ wǳōƛǎŎƻ-ƛƴŘŜǇŜƴŘŜƴǘ ŦǳƴŎǘƛƻƴ ǊŜǉǳƛǊŜŘ 

ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŎƻƴǘǊƻƭ ŜȄǇŜǊƛƳŜƴǘǎ ǘƻ ǊǳƭŜ ƻǳǘ ŀƭǘŜǊƴŀǘƛǾŜ ƘȅǇƻǘƘŜǎŜǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ƛŦ ǘƘŜ Iнhн 

ƘȅǇŜǊǘƻƭŜǊŀƴŎŜ ƻŦ ɲw./{ ƛǎ ŘǳŜ ǘƻ ƎŜƴŜǘƛŎ ōŀŎƪƎǊƻǳƴŘ ƻǊ ŜǇƛƎŜƴŜǘƛŎ ŜŦŦŜŎǘǎΣ ǘƘŜƴ ƛǘ ǿƻǳƭŘ ƴƻǘ 

ǎŜǊǾŜ ŀǎ ŀ ŎƻƴǘǊƻƭ ŦƻǊ ŜŦŦŜŎǘǎ ƻŦ ǘƘŜ wǳōƛǎŎƻ-ŘŜŦƛŎƛŜƴŎȅ ƻŦ ɲǊōŎ[Φ ¢Ƙƛǎ ƛǎ ƴƻǘ ǘƘŜ ŎŀǎŜΤ 

ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ƻŦ ɲw./{ ǿƛǘƘ w./{н ǊŜŘǳŎŜŘ ƛǘǎ Iнhн ǘƻƭŜǊŀƴŎŜ ǘƻ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ƭŜǾŜƭ όCƛƎΦ нΦм / 

ŀƴŘ 5ύΦ ¢ƘŜ Iнhн ƘȅǇŜǊǘƻƭŜǊŀƴŎŜ ƻŦ ɲw./{ ƛǎ ƴƻǘ ŘǳŜ ǘƻ ŘŜŦƛŎƛŜƴŎȅ ŦƻǊ ǎƻƳŜ ǳƴƪƴƻǿƴ ŦǳƴŎǘƛƻƴ 

ƻŦ w./{Τ ŀ ŘƻǳōƭŜ Ƴǳǘŀƴǘ ƭŀŎƪƛƴƎ ōƻǘƘ w./[ ŀƴŘ w./{ ǎƘƻǿŜŘ ƛƳǇŀƛǊŜŘ Iнhн ǘƻƭŜǊŀƴŎŜ ǎƛƳƛƭŀǊ 

ǘƻ ǘƘŀǘ ƻŦ ɲǊōŎ[ όCƛƎΦ нΦм 9 ŀƴŘ CύΦ Lƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ǘƘŜ ƘȅǇŜǊǘƻƭŜǊŀƴŎŜ ƻŦ ɲw./{ ƛǎ w./[-

ŘŜǇŜƴŘŜƴǘ ŀƴŘ ƴƻǘ ŘǳŜ ǘƻ w./{ ŘŜŦƛŎƛŜƴŎȅ ǇŜǊ ǎŜΦ CƛƴŀƭƭȅΣ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ Iнhн ǘƻƭŜǊŀƴŎŜ 

ōŜǘǿŜŜƴ ǘƘŜ ǎǘǊŀƛƴǎ Řƻ ƴƻǘ ǊŜŦƭŜŎǘ ƛƴƘŜǊŜƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎΣ Ǿƛŀōƛƭƛǘȅ ό{ǳǇ CƛƎΦ нΦмύΦ 

¢ƘŜǊŜŦƻǊŜΣ ǿŜ ǇǊƻǇƻǎŜ ǘƘŀǘ w./[ Ƙŀǎ ŀ wǳōƛǎŎƻ-ƛƴŘŜǇŜƴŘŜƴǘ ŦǳƴŎǘƛƻƴΦ  
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CƛƎǳǊŜ нΦм w./[ ŦǳƴŎǘƛƻƴǎ ƛƴ Iнhн ǘƻƭŜǊŀƴŎŜΦ CƻƭƭƻǿƛƴƎ ŀŘŘƛǘƛƻƴ ƻŦ IнhнΣ ŎŜƭƭ ǎǳǊǾƛǾŀƭ ό!Σ /Σ 9ύ 

ŀƴŘ Ǿƛŀōƛƭƛǘȅ ό.Σ 5Σ Cύ ǿŜǊŜ ƳƻƴƛǘƻǊŜŘ ŀǎ ¢ǊȅǇŀƴ ōƭǳŜ ŜȄŎƭǳǎƛƻƴ ŀƴŘ /C¦ ŎƻƴŎŜƴǘǊŀǘƛƻƴ όмллл 

ŎŜƭƭǎ ǇƭŀǘŜŘύΣ ǊŜǎǇŜŎǘƛǾŜƭȅΣ ŀƴŘ ƎǊŀǇƘŜŘ ŀǎ ǘƘŜ ƳŜŀƴ ǇŜǊŎŜƴǘŀƎŜǎ ƻŦ ǘƘŜ ƛƴƛǘƛŀƭ ǾŀƭǳŜǎ όƛΦŜΦ 

ƛƳƳŜŘƛŀǘŜƭȅ ǇǊƛƻǊ ǘƻ Iнhн ŜȄǇƻǎǳǊŜύΦ ¢ƘŜ ǎǘǊŀƛƴǎ ŀƴŀƭȅȊŜŘ ŀǊŜ ƛƴŘƛŎŀǘŜŘ ƛƴ ŜŀŎƘ ǇŀƴŜƭΦ !ǎǘŜǊƛǎƪǎ 

ƛƴŘƛŎŀǘŜ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜ ŦǊƻƳ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴΣ ŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ƳƛȄŜŘ ŀƴŀƭȅǎƛǎ ƻŦ 

ǾŀǊƛŀƴŎŜ ό!bh±!ύ όǇ Җ лΦлрύΦ 



37 

нΦоΦн w./[ ƛǎ ŀƴ wb! ŀƴǘƛƻȄƛŘŀƴǘΦ 

²Ŝ ŜȄŀƳƛƴŜŘ ǿƘŜǘƘŜǊ w./[ ŦǳƴŎǘƛƻƴǎ ƛƴ ǘƘŜ ŎƻƴǘǊƻƭ ƻŦ ƻȄƛŘƛȊŜŘ wb! ŀǎ ŀƴ wb! 

ŀƴǘƛƻȄƛŘŀƴǘΦ !ǎ ǎǘŀǘŜŘ ŀōƻǾŜΣ wb! ōƻǳƴŘ ōȅ w./[ ƳƛƎƘǘ ōŜ ǇǊƻǘŜŎǘŜŘ ŦǊƻƳ ƻȄƛŘŀǘƛƻƴ ƻǊΣ ƻƴŎŜ 

ƻȄƛŘƛȊŜŘΣ ōŜ ǊŜǇŀƛǊŜŘ ƻǊ ŘŜƎǊŀŘŜŘ ōȅ w./[-ŀǎǎƻŎƛŀǘŜŘ ǇǊƻǘŜƛƴǎΦ Lƴ ŀƴȅ ƻŦ ǘƘŜǎŜ ŎŀǎŜǎΣ ǘƘŜ ƭŜǾŜƭ 

ƻŦ ǎǳŎƘ ŀƴ w./[ ŦǳƴŎǘƛƻƴ ǿƻǳƭŘ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƭŜǾŜƭ ƻŦ ƻȄƛŘƛȊŜŘ wb! ǘƘŀǘ ŀŎŎǳƳǳƭŀǘŜǎ ƛƴ ǘƘŜ 

ŎƘƭƻǊƻǇƭŀǎǘΦ ¢ƻ ŘŜǘŜǊƳƛƴŜ ǿƘŜǘƘŜǊ w./[ ŦǳƴŎǘƛƻƴǎ ŀǎ ŀƴ wb! ŀƴǘƛƻȄƛŘŀƴǘΣ ǿŜ ƳŜŀǎǳǊŜŘ ǘƘŜ 

ǊŜƭŀǘƛǾŜ ƭŜǾŜƭǎ ƻŦ ƻȄƛŘƛȊŜŘ wb! ƛƴ ǘƘŜ Ƴǳǘŀƴǘ ŀƴŘ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴǎ όŘŜǎŎǊƛōŜŘ ŀōƻǾŜύ ōȅ 

ŎƻƳǇŀǊƛƴƎ ǘƘŜƛǊ ƭŜǾŜƭǎ ƻŦ у-ƻȄƻƎǳŀƴƛƴŜ όу-ƻȄƻDύ ό/ƘŀǇǘŜǊ мΦпΦмύ ώмфмϐ όCƛƎΦ нΦн !ύΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ 

ƛƳƳǳƴƻ-ǎƭƻǘ-ōƭƻǘ ŀƴŀƭȅǎŜǎ ǳǎƛƴƎ ŀ ŎƻƳƳŜǊŎƛŀƭ ŀƴǘƛōƻŘȅ ŀƎŀƛƴǎǘ у-ƻȄƻD ǊŜǾŜŀƭŜŘ ŀ ǎƛƎƴƛŦƛŎŀƴǘƭȅ 

ƘƛƎƘŜǊ ƳŜŀƴ ƭŜǾŜƭ ƻŦ ƻȄƛŘƛȊŜŘ wb! ƛƴ ɲǊōŎ[ ǘƘŀƴ ƛƴ ŜƛǘƘŜǊ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴ ƻǊ ɲw./{Φ ¢ƘŜ 

ƘƛƎƘ ƳŜŀƴ у-ƻȄƻD wb! ƭŜǾŜƭ ƛƴ ɲǊōŎ[ ƛǎ ƴƻǘ ŘǳŜ ǘƻ wǳōƛǎŎƻ-ŘŜŦƛŎƛŜƴŎȅ ōŜŎŀǳǎŜ ɲw./{ ǎƘƻǿŜŘ 

ŀƴ ŜǾŜƴ ƭƻǿŜǊ ƳŜŀƴ ƭŜǾŜƭ ƻŦ у-ƻȄƻD wb! ǘƘŀƴ ǘƘŀǘ ƻŦ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴ όCƛƎΦ нΦн !ύΦ ¢ƘŜ ƭƻǿ 

ƳŜŀƴ у-ƻȄƻD wb! ƭŜǾŜƭ ƛƴ ɲw./{ ƛǎ ƴƻǘ ŘǳŜ ǘƻ ƎŜƴŜǘƛŎ ōŀŎƪƎǊƻǳƴŘ ŜŦŦŜŎǘǎ ōŜŎŀǳǎŜ 

ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ƻŦ ǘƘƛǎ Ƴǳǘŀƴǘ ǿƛǘƘ ŀ ǿƛƭŘ-ǘȅǇŜ ŎƻǇȅ ƻŦ w./{н ǊŜǎǘƻǊŜŘ ǘƘŜ у-ƻȄƻD wb! ƭŜǾŜƭ ǘƻ 

ƴŜŀǊƭȅ ǘƘŀǘ ƻŦ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴ όCƛƎΦ нΦн !ύΦ CƛƴŀƭƭȅΣ ǘƘŜ ƭƻǿ у-ƻȄƻD wb! ƭŜǾŜƭ ŦǊƻƳ ɲw./{ ƛǎ 

ƴƻǘ ŘǳŜ ǘƻ ƛǘǎ ŘŜŦƛŎƛŜƴŎȅ ŦƻǊ ǎƻƳŜ ǳƴƪƴƻǿƴ w./{ ŦǳƴŎǘƛƻƴ ōŜŎŀǳǎŜ ŀ ŘƻǳōƭŜ Ƴǳǘŀƴǘ ƭŀŎƪƛƴƎ 

ōƻǘƘ w./[ ŀƴŘ w./{ ǎƘƻǿŜŘ ƘƛƎƘ ƳŜŀƴ у-ƻȄƻD wb! ƭŜǾŜƭǎΣ ǎƛƳƛƭŀǊ ǘƻ ǘƘŀǘ ƻŦ ɲǊōŎ[ όCƛƎΦ нΦн !ύΦ 

¢ƘŜǊŜŦƻǊŜΣ ǿŜ ǇǊƻǇƻǎŜ ǘƘŀǘ w./[ ŎƻƴǘǊƻƭǎ ǘƘŜ ƭŜǾŜƭ ƻŦ ƻȄƛŘƛȊŜŘ wb! ƛƴŘŜǇŜƴŘŜƴǘƭȅ ƻŦ wǳōƛǎŎƻΣ 

ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ ǇǊƻǇƻǎŜŘ ŦǳƴŎǘƛƻƴ ƛƴ ǘƘŜ ŎƻƴǘǊƻƭ ƻŦ ƻȄƛŘƛȊŜŘ wb!Φ 
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 CƛƎǳǊŜ нΦн w./[ ŎƻƴǘǊƻƭǎ ǘƘŜ ƭŜǾŜƭ ƻŦ ƻȄƛŘƛȊŜŘ wb!Σ ōǳǘ ƴƻǘ ǘƘŜ ƭŜǾŜƭǎ ƻŦ ƻȄƛŘƛȊŜŘ 5b!Φ !ύ 

[ŜǾŜƭǎ ƻŦ у-ƻȄƻD ƛƴ wb! ŦǊƻƳ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴΣ ɲǊōŎ[Σ ɲw./{Σ ǘƘŜ ǊŜǎŎǳŜŘ-ɲw./{Σ ŀƴŘ ǘƘŜ 

ŘƻǳōƭŜ Ƴǳǘŀƴǘ ŀǊŜ ǎƘƻǿƴ όŘŀǊƪ ōŀǊǎύΦ [ŜǾŜƭǎ ƻŦ у-ƻȄƻD ƛƴ wb! ŦǊƻƳ ŎŜƭƭǎ ŜȄǇƻǎŜŘ ǘƻ нΦл Ƴa 

Iнhн ǿŜǊŜ ŀƴŀƭȅȊŜŘ ŦǊƻƳ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴΣ ɲǊōŎ[Σ ɲw./{ όƎǊŜȅ ōŀǊǎύΦ .ŀǊ ƘŜƛƎƘǘ ǊŜǇǊŜǎŜƴǘǎ 

ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ у-ƻȄƻD ŜƴƘŀƴŎŜŘ ŎƘŜƳƻ-ƭǳƳƛƴŜǎŎŜƴǘ ǎƛƎƴŀƭ ƻŦ ɲǊōŎ[ ǎǘǊŀƛƴ ōŜŦƻǊŜ ǎǘǊŜǎǎ 

όǿƘƛǘŜ ōŀǊΤ млл҈ύΦ .ύ ¢ƘŜ ǊŜƭŀǘƛǾŜ ƭŜǾŜƭǎ ƻŦ у-ƻȄƻD ƛƴ 5b! ŦǊƻƳ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴΣ ɲǊōŎ[Σ ŀƴŘ 

ɲw./{ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ŀǎ ŘŜǎŎǊƛōŜŘ ŦƻǊ wb! ƛƴ ǇŀƴŜƭ !Φ wŜǎǳƭǘǎ ǿŜǊŜ ŀƴŀƭȅȊŜŘ ŀƴŘ ŀǊŜ ǇǊŜǎŜƴǘŜŘ 

ŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ aŀǘŜǊƛŀƭǎ ŀƴŘ aŜǘƘƻŘǎΦ 9ǊǊƻǊ ōŀǊǎ ƛƴŘƛŎŀǘŜ ǘƘŜ ǎǘŀƴŘŀǊŘ ŜǊǊƻǊ ƻŦ ǘƘŜ ƳŜŀƴΦ 

!ǎǘŜǊƛǎƪǎ ƛƴŘƛŎŀǘŜ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜ ŦǊƻƳ ɲǊōŎ[Σ ŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ƻƴŜ-ǎŀƳǇƭŜ ǘ-ǘŜǎǘǎ όǇ Җ 

лΦлрύΦ  
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      9ȄǇƻǎǳǊŜ ƻŦ ǘƘŜ ŎŜƭƭǎ ǘƻ Iнhн ŘƛŘ ƴƻǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŎƘŀƴƎŜ ǘƘŜ ƳŜŀƴ ƭŜǾŜƭ ƻŦ у-ƻȄƻD wb! ƛƴ 

ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴΣ ɲǊōŎ[Σ ƻǊ ɲw./{ όCƛƎΦ нΦн !ύΦ ¢ƘŜǎŜ ǊŜǎǳƭǘǎ ǎǳƎƎŜǎǘ ǘƘŀǘ ǘƘŜ wǳōƛǎŎƻ-

ƛƴŘŜǇŜƴŘŜƴǘ ŦǳƴŎǘƛƻƴ ƻŦ w./[ ƛƴ ǘƘŜ ŎƻƴǘǊƻƭ ƻŦ ƻȄƛŘƛȊŜŘ wb! ƛǎ ŎƻƴǎǘƛǘǳǘƛǾŜΣ ƛΦŜΦ ǘƘŀǘ ƛǘ ŀŎǘǎ 

ǳƴŘŜǊ ōƻǘƘ ƴƻƴ-ǎǘǊŜǎǎ ŀƴŘ ǎǘǊŜǎǎ ŎƻƴŘƛǘƛƻƴǎΦ  

      w./[ ŘŜŦƛŎƛŜƴŎȅ ƛƴ ɲǊōŎ[ ǿŀǎ ƴƻǘ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŀƴ ŜƭŜǾŀǘŜŘ ƳŜŀƴ ƭŜǾŜƭ ƻŦ у-ƻȄƻD ƛƴ ǘƻǘŀƭ 

5b!Σ ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴ όCƛƎΦ нΦн .ύΦ ¢ƘŜ ƭŜǾŜƭ ƻŦ у-ƻȄƻD ƛƴ 5b! ǿŀǎ ƘƛƎƘŜǊ ƛƴ ɲǊōŎ[ 

ǘƘŀƴ ƛƴ ɲw./{Φ ²Ŝ ŘƛŘ ƴƻǘ ŎƻƴǎƛŘŜǊ ǘƘŜ ƭŀǘǘŜǊ ŀǎ ǎǳǇǇƻǊǘƛǾŜ ƻŦ ŀ ǊƻƭŜ ƻŦ w./[ ƛƴ ŎƻƴǘǊƻƭƭƛƴƎ ǘƘŜ 

ƭŜǾŜƭ ƻŦ ƻȄƛŘƛȊŜŘ 5b! ōŜŎŀǳǎŜ ǘƘƛǎ ŘƛŦŦŜǊŜƴŎŜ ǿŀǎ мΦп ŦƻƭŘ ǾŜǊǎǳǎ мл ŦƻƭŘ ŦƻǊ ǘƘŜ ǎŀƳŜ 

ŎƻƳǇŀǊƛǎƻƴ ƻŦ у-ƻȄƻD ƛƴ wb! ŀƴŘ ōŜŎŀǳǎŜ ǘƘŜǊŜ ǿŀǎ ƴƻ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜ ƛƴ ǘƘŜ ƭŜǾŜƭ ƻŦ у-

ƻȄƻD ƛƴ 5b! ōŜǘǿŜŜƴ ɲǊōŎ[ ŀƴŘ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴ όCƛƎΦ нΦн .ύΦ ¢ǊŜŀǘƛƴƎ ŎǳƭǘǳǊŜǎ ǿƛǘƘ Iнhн 

ƛƴŎǊŜŀǎŜŘ ǘƘŜ ǾŀǊƛŀōƛƭƛǘȅ ōŜǘǿŜŜƴ ōƛƻƭƻƎƛŎŀƭ ǊŜǇƭƛŎŀǘŜ ŜȄǇŜǊƛƳŜƴǘǎ ōǳǘ ŘƛŘ ƴƻǘ ƛƴŎǊŜŀǎŜ ǘƘŜ 

ƳŜŀƴ ƭŜǾŜƭǎ ǊŜƭŀǘƛǾŜ ǘƻ 5b! ŦǊƻƳ ǘƘŜ ƴƻƴ-ǘǊŜŀǘŜŘ ŎǳƭǘǳǊŜǎ όCƛƎΦ нΦн .ύΦ ¢ƘŜ ŘŜǘŜŎǘƛƻƴ ƻŦ ƭŜǾŜƭ ƻŦ 

ŎŀǊōƻƴȅƭŀǘŜŘ ŀƳƛƴƻ ŀŎƛŘ ŀǎ ŀ ƳŀǊƪŜǊ ƻŦ ǇǊƻǘŜƛƴ ƻȄƛŘŀǘƛƻƴ ŀƭǎƻ ŘƛŘ ƴƻǘ ǎƘƻǿ ǎƛƎƴƛŦƛŎŀƴǘ 

ŘƛŦŦŜǊŜƴŎŜ ŀƳƻƴƎ ŀƭƭ ǘƘǊŜŜ ǎǘǊŀƛƴǎ ό½Ƙŀƴ Ŝǘ ŀƭΦ ǎǳōƳƛǘǘŜŘΣ CƛƎǳǊŜ пΣ !ǇǇŜƴŘƛȄ LLύΦ ¢ƘŜǊŜŦƻǊŜΣ w./[ 

ƛǎ ƴƻǘ ƛƴǾƻƭǾŜŘ ƛƴ ŎƻƴǘǊƻƭƭƛƴƎ ǘƘŜ ƻȄƛŘŀǘƛƻƴ ƭŜǾŜƭǎ ƻŦ 5b! ƻǊ ǇǊƻǘŜƛƴΦ  

нΦоΦо w./[ ƳƛǘƛƎŀǘŜǎ wb! ƻȄƛŘŀǘƛƻƴ ǳƴŘŜǊ ǾŀǊƛƻǳǎ ǎǘǊŜǎǎŜǎ ƻǘƘŜǊ ǘƘŀƴ Iнhн-ƛƴŘǳŎŜŘ ƻȄƛŘŀǘƛǾŜ 

ǎǘǊŜǎǎ 

Lƴ ŀŘŘƛǘƛƻƴ ǘƻ IнhнΣ ŎƻǳƭŘ w./[ ƳƛǘƛƎŀǘŜ wb! ƻȄƛŘŀǘƛƻƴ ǳƴŘŜǊ ƻǘƘŜǊ ǎǘǊŜǎǎŜǎ ǘƘŀǘ ŀǊŜ 

ƪƴƻǿƴ ǘƻ ƛƴŘǳŎŜ wb! ƻȄƛŘŀǘƛƻƴΚ ±ŀǊƛƻǳǎ ǎǘǊŜǎǎ ƛƴŘǳŎŜǊǎ ǿŜǊŜ ŎƘƻǎŜƴ ǘƻ ǘǊŜŀǘ ŎŜƭƭǎΣ ƭƛƪŜ 

ǳƭǘǊŀǾƛƻƭŜǘ ƭƛƎƘǘ ŀƴŘ ƘƛƎƘ ƭƛƎƘǘ ǎǘǊŜǎǎΦ ¢ƘŜ wb! ƻȄƛŘŀǘƛƻƴ ŀƭǊŜŀŘȅ ŀǇǇŜŀǊŜŘ ƛƴ ɲǊōŎ[ ōŜŦƻǊŜ 

ǘǊŜŀǘƳŜƴǘ ǿƛǘƘ ŀƭƭ ǎǘǊŜǎǎŜǎ ŀƴŘ ǿŀǎ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŀǘ ƛƴ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴ όCƛƎ нΦоύΦ {ƛƳƛƭŀǊ ǘƻ ǘƘŜ 

ǊŜǎǳƭǘǎ ŦǊƻƳ ǘƘŜ Iнhн ǘǊŜŀǘƳŜƴǘΣ ƴƻ ƛƴŎǊŜŀǎŜ ƻŦ у-ƻȄƻD wb! ƭŜǾŜƭǎ ǿŀǎ ŦƻǳƴŘ ƛƴ ɲǊōŎ[ ǳƴŘŜǊ 
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ŀƴȅ ƻŦ ǘƘŜǎŜ ǎǘǊŜǎǎ ŎƻƴŘƛǘƛƻƴǎ όCƛƎ нΦоύΦ [ŜǾŜƭǎ ƻŦ у-ƻȄƻD wb! ǎƛƎƴŀƭ ƛƴŎǊŜŀǎŜŘ ƛƴ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ 

ǎǘǊŀƛƴ ŀŦǘŜǊ ǎǘǊŜǎǎ ǘǊŜŀǘƳŜƴǘ ƛƴ ǘƘƛǎ ŜȄǇŜǊƛƳŜƴǘŀƭ ǘǊƛŀƭΣ ƘƻǿŜǾŜǊΣ ƛƴŘŜŜŘ ǘƘŜ ƭŜǾŜƭǎ ƻŦ у-ƻȄƻD 

ǾŀǊƛŜŘ ƛƴ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴΦ Lƴ wb! ŦǊƻƳ ɲw./{Σ у-ƻȄƻD wb! ǿŀǎ ƴƻǘ ŘŜǘŜŎǘŜŘ ōŜŦƻǊŜ ǎǘǊŜǎǎ ŀƴŘ ƛǘ 

ƛƴŎǊŜŀǎŜŘ ǿƛǘƘ ǘƘŜ ¦±Σ /ǳнҌ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǘǿƻ ǎǘǊŜǎǎ ƛƴŘǳŎŜǊǎΤ wƻǎŜ .ŜƴƎŀƭ ŀƴŘ aŜǘƘȅƭ 

ǾƛƻƭƻƎŜƴΣ ǇƘƻǘƻǎŜƴǎƛǘƛȊŜǊǎ ƻŦ ǘƘŜ ǇǊƻŘǳŎǘƛƻƴ ƻŦ ǎƛƴƎƭŜǘ ƻȄȅƎŜƴ ŀƴŘ ǎǳǇŜǊ ƻȄƛŘŜ ǊŀŘƛŎŀƭΣ 

ǊŜǎǇŜŎǘƛǾŜƭȅ  όCƛƎ нΦоύ ώнмлϐΦ IƻǿŜǾŜǊΣ ɲw./{ ǎǘƛƭƭ ǎƘƻǿŜŘ ƭŜǎǎ wb! ƻȄƛŘŀǘƛƻƴ ŎƻƳǇŀǊŜŘ ǘƻ ɲǊōŎ[ 

ŀƴŘ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴΦ 5ƛŦŦŜǊŜƴǘ ǎǘǊŜǎǎŜǎ ǘǊŜŀǘƳŜƴǘ ŘƛŘ ƴƻǘ ǊŜǾŜŀƭŜŘ ŀƴ ƻōǾƛƻǳǎ ŘƛŦŦŜǊŜƴǘ ǊŜǎǳƭǘ 

ŦǊƻƳ Iнhн ǘǊŜŀǘƳŜƴǘΦ ¢ƘŜǎŜ ǊŜǎǳƭǘǎ ƛƴŘƛŎŀǘŜ ǘƘŀǘ w./[ ƳƛƎƘǘ ƳƛǘƛƎŀǘŜ wb! ǳƴŘŜǊ ƻǘƘŜǊ 

ƻȄƛŘŀǘƛǾŜ ƻǊ ƴƻƴ-ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎ ŎƻƴŘƛǘƛƻƴǎ ƻǘƘŜǊ ǘƘŀƴ IнhнΦ  

{ƛƴŎŜ IнhнΣ ¦± ŀƴŘ ƘƛƎƘ ƭƛƎƘǘ ŀƭƭ ƛƴŘǳŎŜ ǘƘŜ ŦƻǊƳŀǘƛƻƴ ƻŦ ŎǇ{Dǎ ŀƴŘ w./[ ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ 

ŎƻƳǇƻƴŜƴǘ ƻŦ ŎǇ{DǎΣ ǿŜ ǿŜǊŜ ǿƻƴŘŜǊƛƴƎ ƛŦ ǘƘƛǎ ƳƻƻƴƭƛƎƘǘƛƴƎ ŦǳƴŎǘƛƻƴ ƻŦ w./[ ƛǎ ǊŜƭŀǘŜŘ ǘƻ 

ŎǇ{Dǎ ŦƻǊƳŀǘƛƻƴΦ  
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CƛƎǳǊŜ нΦо у-ƻȄƻD wb! ǿŀǎ ŘŜǘŜŎǘŜŘ ǳƴŘŜǊ ǾŀǊƛƻǳǎ ǎǘǊŜǎǎŜǎ ŎƻƴŘƛǘƛƻƴǎΦ 

¦±Σ ǊƻǎŜ ōŜƴƎŀƭΣ ƘƛƎƘ ƭƛƎƘǘΣ ƳŜǘƘȅƭ ǾƛƻƭƻƎŜƴ ŀƴŘ ŎƻǇǇŜǊ ǿŜǊŜ ǳǎŜŘ ǘƻ ƛƴŘǳŎŜ ǎǘǊŜǎǎΦ ¢ƻǘŀƭ wb! 

ǿŀǎ ŜȄǘǊŀŎǘŜŘ ŦǊƻƳ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǎǘǊŜǎǎŜǎ ǘǊŜŀǘŜŘ ŎŜƭƭǎ ƻŦ ǘƘŜ ǎŀƳŜ ŎǳƭǘǳǊŜ ƻŦ ŘƛŦŦŜǊŜƴǘ ǎǘǊŀƛƴǎ 

ŀƴŘ ƭƻŀŘŜŘ ƻƴ ǘƘŜ ǎƭƻǘ ōƭƻǘΦ [ŜǾŜƭǎ ƻŦ у-ƻȄƻD ƛƴ wb! ŦǊƻƳ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴΣ ɲǊōŎ[Σ ɲw./{ 

ǿŜǊŜ ŘŜǘŜŎǘŜŘ ƛƴ ƛƳƳǳƴƻ-ǎƭƻǘ ōƭƻǘ ǿƛǘƘ ǘƘŜ ŎƻƳƳŜǊŎƛŀƭ ŀƴǘƛōƻŘȅ ŀƎŀƛƴǎǘ у-ƻȄƻDΦ  

  

  ōŜƴƎŀƭ 
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нΦоΦп CƻǊƳŀǘƛƻƴ ƻŦ ŎǇ{Dǎ ƛǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ƭŜǾŜƭ ƻŦ wb! ƻȄƛŘŀǘƛƻƴΦ 

      /ȅǘƻǇƭŀǎƳƛŎ {Dǎ ƘŀǾŜ ōŜŜƴ ǇǊƻǇƻǎŜŘ ǘƻ ŦǳƴŎǘƛƻƴ ƛƴ ǘƘŜ ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭ ƻŦ ƻȄƛŘƛȊŜŘ wb! 

ώмфмϐΦ ¢Ƙƛǎ ƘȅǇƻǘƘŜǎƛǎ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ŦŀŎǘ ǘƘŀǘ {Dǎ ŀǎǎŜƳōƭŜ ǳƴŘŜǊ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎ ŎƻƴŘƛǘƛƻƴǎΣ 

ǿƘŜƴ wb! ƻȄƛŘŀǘƛƻƴ ƛǎ ǇǊŜǎǳƳŜŘ ǘƻ ōŜ ŜƭŜǾŀǘŜŘΦ Lƴ ŀŘŘƛǘƛƻƴΣ {Dǎ ǊŜŎǊǳƛǘ ƻȄƛŘƛȊŜŘ wb!-ōƛƴŘƛƴƎ 

ǇǊƻǘŜƛƴǎ ώмрнΣ мсмϐΦ  

       Lƴ ƻǊŘŜǊ ǘƻ ǘŜǎǘ ǘƘŜ ƘȅǇƻǘƘŜǎƛǎ ǘƘŀǘ ŎǇ{Dǎ ŀǊŜ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ ŎƻƴǘǊƻƭ ƻŦ ƻȄƛŘƛȊŜŘ wb! ƛƴ ǘƘŜ 

ŎƘƭƻǊƻǇƭŀǎǘΣ L ŀǎƪŜŘ ǿƘŜǘƘŜǊ ǘƘŜ wb! ƻȄƛŘŀǘƛƻƴ ƭŜǾŜƭ ŎƘŀƴƎŜǎ ǿƘŜƴ ŎǇ{Dǎ ŀǊŜ ǎǘŀōƛƭƛȊŜŘ ƻǊ 

ŜƭƛƳƛƴŀǘŜŘ ǳǎƛƴƎ ƛƴƘƛōƛǘƻǊǎ ƻŦ ŘƛŦŦŜǊŜƴǘ ǎǘŜǇǎ ƻŦ ǘǊŀƴǎƭŀǘƛƻƴ ώоуϐΦ LŦ ŎǇ{Dǎ ŀǊŜ ƛƴǾƻƭǾŜŘ ƛƴ 

ŎƻƴǘǊƻƭƭƛƴƎ ǘƘŜ ƭŜǾŜƭ ƻŦ ƻȄƛŘƛȊŜŘ wb!Σ ǘƘŜ ƭŜǾŜƭ ƻŦ ƻȄƛŘƛȊŜŘ wb! ǎƘƻǳƭŘ ŘŜŎǊŜŀǎŜ ǿƘŜƴ ŎǇ{Dǎ ŀǊŜ 

ǎǘŀōƛƭƛȊŜŘ ŀƴŘ ƛƴŎǊŜŀǎŜ ǿƘŜƴ ŎǇ{Dǎ ŀǊŜ ŜƭƛƳƛƴŀǘŜŘΦ ! ǇǊŜǾƛƻǳǎ ǎǘǳŘȅ ƛƴ ƻǳǊ ƭŀō ǊŜǇƻǊǘŜŘ ǘƘŀǘ ŀ 

ǘǊŀƴǎƭŀǘƛƻƴ ƛƴƘƛōƛǘƻǊ ǘƘŀǘ ŘƛǎŀǎǎŜƳōƭŜǎ ǇƻƭȅǎƻƳŜǎΣ ƭƛƴŎƻƳȅŎƛƴΣ ǇǊŜǎŜǊǾŜǎ ŎǇ{Dǎ ŦƻǊ ƘƻǳǊǎ ώоуϐΦ  

.ȅ ŎƻƴǘǊŀǎǘΣ ŀƴ ƛƴƘƛōƛǘƻǊ ǘƘŀǘ ǎǘŀōƛƭƛȊŜǎ ǇƻƭȅǎƻƳŜǎΣ ŎƘƭƻǊŀƳǇƘŜƴƛŎƻƭΣ ǇǊŜǾŜƴǘǎ ǘƘŜ ŦƻǊƳŀǘƛƻƴ ƻŦ 

ŎǇ{Dǎ ώоуϐΦ ²ƛƭŘ-ǘȅǇŜ ŎŜƭƭǎ ǿŜǊŜ ǘǊŜŀǘŜŘ ǿƛǘƘ ŜƛǘƘŜǊ ƭƛƴŎƻƳȅŎƛƴ ƻǊ ŎƘƭƻǊŀƳǇƘŜƴƛŎƻƭ ŦƻǊ мр Ƴƛƴ 

ǇǊƛƻǊ ǘƻ ŜȄǇƻǎǳǊŜ ǘƻ IнhнΦ ¢ƘŜ wb! ǎŀƳǇƭŜǎ ŦǊƻƳ ǘƘŜǎŜ ǘǊŜŀǘƳŜƴǘǎ ǿŜǊŜ ŜȄŀƳƛƴŜŘ ōȅ ƛƳƳǳƴƻ-

ǎƭƻǘ ōƭƻǘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƭŜǾŜƭ ƻŦ у-ƻȄƻD wb!Φ ¢ǊŜŀǘƳŜƴǘ ǿƛǘƘ Iнhн ŜƭŜǾŀǘŜŘ ǘƘŜ ƭŜǾŜƭ ƻŦ у-

ƻȄƻD ƛƴ wb! ŦǊƻƳ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴΦ ²ƘŜƴ ǿƛƭŘ-ǘȅǇŜ ŎŜƭƭǎ ǿŜǊŜ ǘǊŜŀǘŜŘ ǿƛǘƘ ƭƛƴŎƻƳȅŎƛƴΣ ǘƘŜ 

ƭŜǾŜƭ ƻŦ у-ƻȄƻD ƛƴ wb! ŘƛŘ ƴƻǘ ƛƴŎǊŜŀǎŜ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ Iнhн όCƛƎ нΦпύΦ .ȅ ŎƻƴǘǊŀǎǘΣ ǘǊŜŀǘƳŜƴǘ ƻŦ 

ŎŜƭƭǎ ǿƛǘƘ ŎƘƭƻǊŀƳǇƘŜƴƛŎƻƭ ŘƛŘ ƴƻǘ ŀŦŦŜŎǘ ǘƘŜ ƛƴŎǊŜŀǎŜŘ у-ƻȄƻD ǎƛƎƴŀƭ ƛƴ wb! όCƛƎ нΦпύΦ 

¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ǇǊŜŘƛŎǘƛƻƴ ƻŦ ǘƘŜ ƘȅǇƻǘƘŜǎƛǎ ƛǎ ƳŜǘΤ ƭƛƴŎƻƳȅŎƛƴ ŎƻǳƭŘ ǇǊŜǎŜǊǾŜǎ ŎǇ{Dǎ ŀƴŘ ƭƻǿŜǊǎ 

ƻȄƛŘƛȊŜŘ wb! ƭŜǾŜƭ ŀƴŘ ŎƘƭƻǊŀƳǇƘŜƴƛŎƻƭ ǇǊŜǾŜƴǘǎ ǘƘŜ ŦƻǊƳŀǘƛƻƴ ƻŦ ŎǇ{Dǎ ǘƘǳǎ ƛǘ ŘƻŜǎ ƴƻǘ 

ǊŜŘǳŎŜ ǘƘŜ ƭŜǾŜƭ ƻŦ уƻȄƻD ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ǎŀƳǇƭŜǎ ǿƛǘƘ Iнhн ǘǊŜŀǘƳŜƴǘΦ  IƻǿŜǾŜǊΣ ƛǘ ƛǎ ŀƭǎƻ 

ǇƻǎǎƛōƭŜ ǘƘŀǘ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ у-ƻȄƻD wb! ǊŜŦƭŜŎǘ ǘƘŜ ŀǎǎŜƳōƭȅ ǎǘŀǘŜ ƻŦ ŎƘƭƻǊƻǇƭŀǎǘ ǇƻƭȅǎƻƳŜǎΦ 
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CƻǊ ŜȄŀƳǇƭŜΣ ƛŦ Ƴwb! ƻǊ Ǌwb! ƻƴ ǇƻƭȅǎƻƳŜǎ ƛǎ ŜǎǇŜŎƛŀƭƭȅ ǎŜƴǎƛǘƛǾŜ ǘƻ ƻȄƛŘŀǘƛƻƴΣ ǘƘŜƴ ǘƘƛǎ ŎƻǳƭŘ 

ŀƭǎƻ ŜȄǇƭŀƛƴ ǘƘŜ ƭƻǿŜǊ ƭŜǾŜƭ ƻŦ у-ƻȄƻD wb! ƛƴ ǘƘŜ ƭƛƴŎƻƳȅŎƛƴ-ǘǊŜŀǘŜŘ ŎŜƭƭǎ όǿƘƛŎƘ ƭŀŎƪ 

ŎƘƭƻǊƻǇƭŀǎǘ ǇƻƭȅǎƻƳŜǎύ ŀƴŘ ǘƘŜ ŜƭŜǾŀǘŜŘ ƭŜǾŜƭ ƻŦ у-ƻȄƻD ƻŦ ŎƘƭƻǊŀƳǇƘŜƴƛŎƻƭ ǘǊŜŀǘƳŜƴǘ όǿƘƛŎƘ 

ǎǘŀōƛƭƛȊŜǎ ŎƘƭƻǊƻǇƭŀǎǘ ǇƻƭȅǎƻƳŜǎύΦ   

        L ŀƭǎƻ ǘǊŜŀǘŜŘ ǘƘŜ ŎǳƭǘǳǊŜǎ ƻŦ ǘƘŜ Ƴǳǘŀƴǘǎ ɲǊōŎ[ ŀƴŘ ɲw./{ ǿƛǘƘ ƭƛƴŎƻƳȅŎƛƴ ƻǊ 

ŎƘƭƻǊŀƳǇƘŜƴƛŎƻƭ ǇǊƛƻǊ ǘƻ ŜȄǇƻǎƛƴƎ ǘƘŜƳ Iнhн ŀƴŘ ŀǎǎŀȅŜŘ ǘƘŜƛǊ wb! ŦƻǊ у-ƻȄƻDΣ ŀǎ L ŘƛŘ ŦƻǊ ǘƘŜ 

ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴ όŘŜǎŎǊƛōŜŘ ƛƴ ǘƘŜ ǇǊŜǾƛƻǳǎ ǇŀǊŀƎǊŀǇƘύΦ Lƴ ōƻǘƘ ƳǳǘŀƴǘǎΣ ǘƘŜ ƭŜǾŜƭ ƻŦ у-ƻȄƻD wb! 

ǎƛƎƴŀƭ ŘƛŘ ƴƻǘ ǎƘƻǿ ƳǳŎƘ ŘƛŦŦŜǊŜƴŎŜ ǿƛǘƘ ƻǊ ǿƛǘƘƻǳǘ ǇǊŜ-ǘǊŜŀǘƳŜƴǘ ƻŦ ƭƛƴŎƻƳȅŎƛƴ ƻǊ 

ŎƘƭƻǊŀƳǇƘŜƴƛŎƻƭ όCƛƎ нΦпύΦ ɲǊōŎ[ ǎƘƻǿŜŘ ƘƛƎƘŜǊ wb! ƻȄƛŘŀǘƛƻƴ ƭŜǾŜƭ ǿƘƛƭŜ ɲw./{ ǎƘƻǿŜŘ ƭƻǿŜǊ 

ƭŜǾŜƭ ƻŦ ƻȄƛŘƛȊŜŘ wb! ŀǎ ǎƘƻǿŜŘ ōŜŦƻǊŜ ƛƴ CƛƎ нΦмΦ !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǇǊŜǾƛƻǳǎ ǊŜǎŜŀǊŎƘ ƛƴ ƻǳǊ ƭŀōΣ 

ŎǇ{Dǎ ǿŜǊŜ ƴƻǘ ŘŜǘŜŎǘŜŘ ƛƴ ǘƘƻǎŜ ǘǿƻ ƳǳǘŀƴǘǎΦ IƻǿŜǾŜǊΣ w./[-wbt ŎƻǳƭŘ ŜȄƛǎǘ ƛƴ ɲw./{ ŀƴŘ 

ŦǳƴŎǘƛƻƴ ŎƻƴǎƛǎǘŜƴǘƭȅ ǳƴŘŜǊ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ƻǊ ǎǘǊŜǎǎ ŎƻƴŘƛǘƛƻƴΦ  

       ²Ŝ Ŏŀƴ ǘŀƪŜ ǘƘŜ ŦƻǊƳŀǘƛƻƴ ƻŦ ŎǇ{Dǎ ƛƴ ǿƛƭŘ-ǘȅǇŜ ǎǘŀƛƴ ŀǎ ŀ ƳŀǊƪŜǊ ǘƻ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ƛƴŎǊŜŀǎŜ 

ŀƳƻǳƴǘ ƻŦ w./[ ǿƘƛŎƘ ŦǳƴŎǘƛƻƴǎ ƛƴ ŎƻƴǘǊƻƭ wb! ƻȄƛŘŀǘƛƻƴΦ ¢ƘǳǎΣ ǘƘŜ ŦƻǊƳŀǘƛƻƴ ƻŦ ŎǇ{Dǎ ǿŀǎ 

ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ wb! ƻȄƛŘŀǘƛƻƴ ƭŜǾŜƭ ƛƴ ǘƘƛǎ ǎǘǊŀƛƴΦ L ǎǇŜŎǳƭŀǘŜ ǘƘŀǘ ǘƘŜ ǳƴŎƘŀƴƎŜŘ ƭŜǾŜƭ ƻŦ у-ƻȄƻD 

wb! ƛƴ ɲǊōŎ[ ƛǎ ŘǳŜ ǘƻ ƛǘǎ ƘƛƎƘ wb! ƻȄƛŘŀǘƛƻƴ ƭŜǾŜƭ ŀǘ ǘƘŜ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŎƻƴŘƛǘƛƻƴǎ ŀƭƳƻǎǘ ŀǊǊƛǾŜǎ 

ǘƻ ǘƘŜ ƭƛƳƛǘ ŎŜƭƭǎ Ŏŀƴ ƘŀƴŘƭŜΦ ¢ǊŀŎŜ ŀƳƻǳƴǘ ƻŦ wh{ ŎƻǳƭŘ ƭŜŀŘ ǘƘŜ ŘŜŀǘƘ ƻŦ ǘƘƛǎ ǎǘǊŀƛƴΦ ¢ƘŜ wb! 

ƻȄƛŘŀǘƛƻƴ ƭŜǾŜƭ ŘƻŜǎ ƴƻǘ ŎƘŀƴƎŜ ōŜŎŀǳǎŜ ƻŦ ǊŀǇƛŘ ŘŜŀǘƘΦ !ƭƭ ǘƘŜ w./[ ƛƴ ɲw./{ ŎƻǳƭŘ ŦƻǊƳ w./[-

wbtǎ ŀƴŘ ŎƻƴǎƛǎǘŜƴǘƭȅ ǳƴŘŜǊǘŀƪŜ ǘƘŜ ƳƻƻƴƭƛƎƘǘƛƴƎ ŦǳƴŎǘƛƻƴ ōŜŦƻǊŜ ŀƴŘ ŀŦǘŜǊ ǎǘǊŜǎǎΦ ¢ƘŜǎŜ wbtǎ 

ŎƻǳƭŘ ƭŜǘ ɲw./{ ōŜ ƳƻǊŜ ǊŜǎƛǎǘŀƴǘ ǘƻ ǘǊŜŀǘƳŜƴǘ ƻŦ н Ƴa Iнhн ŦƻǊ мр ƳƛƴǎΦ IƻǿŜǾŜǊΣ ǘƘŜ ƭŜǾŜƭ 

ƻŦ wb! ƻȄƛŘŀǘƛƻƴ ŎƻǳƭŘ ōŜ ƛƴŘǳŎŜŘ ōȅ ƻǘƘŜǊ ǘȅǇŜǎ ƻŦ ǎǘǊŜǎǎ ƛƴ ɲw./{ όCƛƎ нΦоύΦ 
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CƛƎǳǊŜ нΦп ¢ƘŜ ŀǎǎŜƳōƭȅ ŀƴŘ ŘƛǎŀǎǎŜƳōƭȅ ƻŦ ŎǇ{Dǎ ŜŦŦŜŎǘŜŘ ǘƘŜ у-ƻȄƻD wb! ƭŜǾŜƭΦ  

¢ƻǘŀƭ wb! όр ҡƎύ ƻŦ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴΣ ɲǊōŎ[ ŀƴŘ ɲw./{ ǿŀǎ ƛǎƻƭŀǘŜŘ ŀƴŘ ƭƻŀŘŜŘ ǘƻ ǎƭƻǘ ōƭƻǘΦ 

[ŜǾŜƭǎ ƻŦ у-ƻȄƻD ƛƴ wb! ǿŜǊŜ ŘŜǘŜŎǘŜŘ ƛƴ ƛƳƳǳƴƻ-ǎƭƻǘ ōƭƻǘ ōȅ ŀƴǘƛōƻŘȅ ŀƎŀƛƴǎǘ у-ƻȄƻDΦ Iнhн 

ǿŀǎ ŀŘŘŜŘ ǘƻ ƛƴŘǳŎŜ ǘƘŜ ŦƻǊƳŀǘƛƻƴ ƻŦ ŎǇ{Dǎ ŀƴŘ ŎŀǳǎŜ ǇƻƭȅǎƻƳŜǎ ŘƛǎŀǎǎŜƳōƭȅΦ [ƛƴŎƻƳȅŎƛƴ ƻǊ 

ŎƘƭƻǊŀƳǇƘŜƴƛŎƻƭ ǇǊŜ-ǘǊŜŀǘƳŜƴǘ ǿŀǎ ǳǎŜŘ ǘƻ ǎǘŀōƛƭƛȊŜ ƻǊ ǇǊŜǾŜƴǘ ǘƘŜ ŀǎǎŜƳōƭȅ ƻŦ ŎǇ{Dǎ 

ǊŜǎǇŜŎǘƛǾŜƭȅΦ ¢ƘŜ άҌέΣ άҌҌέŀƴŘ ά-έ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ǇǊŜǎŜƴŎŜ ŀƴŘ ǘƘŜ ŀǇǇǊƻȄƛƳŀǘŜ ŀƳƻǳƴǘ ƻŦ 

ŘƛŦŦŜǊŜƴǘ ŎƻƳǇƻƴŜƴǘǎΦ 
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нΦоΦр 5ǳǊƛƴƎ ǎǳŎǊƻǎŜ ŘŜƴǎƛǘȅ ƎǊŀŘƛŜƴǘ ǳƭǘǊŀŎŜƴǘǊƛŦǳƎŀǘƛƻƴΣ ƻȄƛŘƛȊŜŘ wb! Ŏƻ-ƳƛƎǊŀǘŜŘ ǿƛǘƘ w./[ 

ŀƴŘ ǊƛōƻǎƻƳŜǎκƳƻƴƻǎƻƳŜǎΣ ōǳǘ ƴƻǘ ǿƛǘƘ ǇƻƭȅǎƻƳŜǎΦ 

Iƻǿ w./[ ŎƻƴǘǊƻƭǎ ƻȄƛŘƛȊŜŘ wb! ƛǎ ǳƴƪƴƻǿƴ ŀƴŘ ǘƘŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ у-ƻȄƻD wb! ƛǎ ǊŜƭŜǾŀƴǘ 

ǘƻ ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ w./[ ŎŀǊǊƛŜǎ ƻǳǘ ǘƘƛǎ ŦǳƴŎǘƛƻƴΦ !ǎ ƳŜƴǘƛƻƴŜŘ ŀōƻǾŜΣ ǿƘŜƴ ǘƘŜ ŎŜƭƭǎ ǿŜǊŜ 

ǘǊŜŀǘŜŘ ǿƛǘƘ ƭƛƴŎƻƳȅŎƛƴ όǘƻ ǎǘŀōƛƭƛȊŜ ŎǇ{DǎύΣ wb! ƻȄƛŘŀǘƛƻƴ ŘƛŘ ƴƻǘ ƛƴŎǊŜŀǎŜ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ Iнhн 

ŜȄǇƻǎǳǊŜ όCƛƎΦ нΦпύΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǿƘŜƴ ǇƻƭȅǎƻƳŜǎ ǿŀǎ ǎǘŀōƛƭƛȊŜŘ ǿƛǘƘ ŎƘƭƻǊŀƳǇƘŜƴƛŎƻƭΣ 

ǘƘŜ ƭŜǾŜƭ ƻŦ wb! ƻȄƛŘŀǘƛƻƴ ƛƴŎǊŜŀǎŜŘ ǿƛǘƘ Iнhн ǘǊŜŀǘƳŜƴǘΦ hƴŜ ǇƻǎǎƛōƭŜ ŜȄǇƭŀƴŀǘƛƻƴ ƛǎ ǘƘŀǘ wb!ǎ 

ƳŀƛƴǘŀƛƴŜŘ ǘǊŀǇǇŜŘ ƻƴ ǇƻƭȅǎƻƳŜǎ ƎŜǘ ƻȄƛŘƛȊŜŘ ƳƻǊŜ ŜŀǎƛƭȅΦ Lƴ ǘƘƛǎ ŎŀǎŜΣ ǇƻƭȅǎƻƳŜǎ ǿƻǳƭŘ ōŜ 

ŜȄǇŜŎǘŜŘ ǘƻ ƘŀǾŜ у-ƻȄƻD wb!Φ !ƭǘŜǊƴŀǘƛǾŜƭȅΣ ƛŦ ƻȄƛŘƛȊŜŘ ōŀǎŜǎ ƛƴ Ƴwb! ǎǘŀƭƭ ǘǊŀƴǎƭŀǘƛƴƎ 

ǊƛōƻǎƻƳŜǎ ƻǊ ŎŀǳǎŜ ǘƘŜ Ƴwb! ǘƻ ōŜ ǊŜŎǊǳƛǘŜŘ ǘƻ wbt ǇŀǊǘƛŎƭŜǎ όǎǳŎƘ ŀǎ ŎǇ{DǎύΣ ǘƘŜƴ у-ƻȄƻD 

wb! ǿƻǳƭŘ ōŜ ŜȄǇŜŎǘŜŘ ǘƻ ōŜ ƛƴ ŀ ŎƻƳǇƭŜȄ ǎƳŀƭƭŜǊ ǘƘŀƴ ǇƻƭȅǎƻƳŜǎΣ Ǉƻǎǎƛōƭȅ ǘƘŜ ǎƛȊŜ ƻŦ 

ǊƛōƻǎƻƳŜǎ ƻǊ ƳƻƴƻǎƻƳŜǎΦ ¢ƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǎƛȊŜόǎύ ƻŦ ŎƻƳǇƭŜȄŜǎ ǿƛǘƘ ƻȄƛŘƛȊŜŘ wb!Σ L ǊŜǎƻƭǾŜŘ 

ǊƛōƻǎƻƳŜǎκƳƻƴƻǎƻƳŜǎ ŀƴŘ ǇƻƭȅǎƻƳŜǎ ŦǊƻƳ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴ ōȅ ǎǳŎǊƻǎŜ ƎǊŀŘƛŜƴǘ 

ǳƭǘǊŀŎŜƴǘǊƛŦǳƎŀǘƛƻƴ ŀƴŘ мн ŦǊŀŎǘƛƻƴǎ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ǘƘŜ ōƻǘǘƻƳ ǘƻ ǘƻǇΦ ¢ƻǘŀƭ wb! ǿŀǎ 

ƛǎƻƭŀǘŜŘ ŦǊƻƳ ŜŀŎƘ ŦǊŀŎǘƛƻƴΦ !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ h5нсл ǾŀƭǳŜǎ ƳŜŀǎǳǊŜŘ ƻŦ ǘƘŜ ŦǊŀŎǘƛƻƴǎΣ ǘƘŜ ǘƻǇ 

ŦǊŀŎǘƛƻƴǎ м ǘƻ п ǎƘƻǳƭŘ ōŜ ǊƛōƻǎƻƳŜ ǎǳōǳƴƛǘǎ ŀƴŘ ƳƻƴƻǎƻƳŜǎ ŀƴŘ ǘƘŜ ōƻǘǘƻƳ ǇŀǊǘ ƻŦ ǘƘŜ 

ƎǊŀŘƛŜƴǘ όŦǊŀŎǘƛƻƴ т ǘƻ мнύ ǎƘƻǳƭŘ Ŏƻƴǘŀƛƴ ǘƘŜ ǇƻƭȅǎƻƳŜǎ όCƛƎ нΦр !ύΦ ¢Ƙƛǎ ǿŀǎ ŎƻƴŦƛǊƳŜŘ ōȅ ǘƘŜ 

ŘŜǘŜŎǘƛƻƴ ƻŦ Ƴwb! Ǉǎō/ ǎƛƎƴŀƭ ƛƴ ōƻǘǘƻƳ ŦǊŀŎǘƛƻƴǎ ƻŦ ƎǊŀŘƛŜƴǘ όōȅ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ bƻǊǘƘŜǊƴ ōƭƻǘ 

ŀƴŀƭȅǎƛǎύ όŦǊŀŎǘƛƻƴǎ т ǘƻ мнΣ CƛƎ нΦр .ύΦ ¢ƘŜ wb! ǎŀƳǇƭŜǎ ǿŜǊŜ ŜȄŀƳƛƴŜŘ ŦƻǊ wb! ƻȄƛŘŀǘƛƻƴ ōȅ 

ƛƳƳǳƴƻǎƭƻǘōƭƻǘ ŀƴŀƭȅǎŜǎ ǿƛǘƘ ǘƘŜ ŀƴǘƛōƻŘȅ ŀƎŀƛƴǎǘ у-ƻȄƻDΦ ¢ƘŜ у-ƻȄƻD ǎƛƎƴŀƭ ǿŀǎ ŘŜǘŜŎǘŜŘ ƻƴ 

ǘƘŜ ǘƻǇ ǇŀǊǘ ƻŦ ǘƘŜ ǎǳŎǊƻǎŜ ƎǊŀŘƛŜƴǘ ƛƴ ǘƘŜ wb! ŦǊƻƳ ŦǊŀŎǘƛƻƴǎ м-п όCƛƎ нΦр /ύΦ ¢ƘŜǊŜ ǿŀǎ ƴƻ у-

ƻȄƻD wb! ŘŜǘŜŎǘŜŘ ƛƴ ǘƘŜ ǇƻƭȅǎƻƳŜ ŦǊŀŎǘƛƻƴǎ όCǊŀŎǘƛƻƴ т-мнύ όCƛƎ нΦр /ύΦ ¢ƘŜ ŦŀŎǘ ǘƘŀǘ ƻȄƛŘƛȊŜŘ 
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wb!ǎ ŘƛŘ ƴƻǘ Ŏƻ-ƳƛƎǊŀǘŜ ǿƛǘƘ ǇƻƭȅǎƻƳŜǎ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǇƻƭȅǎƻƳŜ ŀǎǎƻŎƛŀǘŜŘ wb! ƛǎ ƴƻǘ ŀ 

ǇǊŜŦŜǊŜƴǘƛŀƭ ǘŀǊƎŜǘ ƻŦ ƻȄƛŘŀǘƛƻƴΦ у-ƻȄƻD wb! Ƴŀȅ ƴƻǘ ōŜ ǘǊŀǇǇŜŘ ƻƴ ǇƻƭȅǎƻƳŜǎΦ ¢ƘŜ ƻȄƛŘƛȊŜŘ 

wb! ŎƻǳƭŘ ōŜ ƻƴ ǊƛōƻǎƻƳŜǎΣ ƳƻƴƻǎƻƳŜǎΣ ƛƴ ǘƘŜ Ǌwb! ƻŦ ǘƘŜ ǊƛōƻǎƻƳŜ ǎǳōǳƴƛǘǎΣ ƻǊ ƳƻǊŜ ǘƘŀƴ 

ƻƴŜ ƻŦ ǘƘŜǎŜ ǇƻǎǎƛōƛƭƛǘƛŜǎΦ !ƭǘŜǊƴŀǘƛǾŜƭȅΣ ƛǘ ŎƻǳƭŘ ōŜ ƛƴ wbt ǇŀǊǘƛŎƭŜǎ ǘƘŀǘ ƘŀǾŜ ǘƘŜ ǎƛȊŜ ƻŦ 

ƳƻƴƻǎƻƳŜǎΣ ōǳǘ ƘŀǾŜ ƻǘƘŜǊ ŎƻƳǇƻƴŜƴǘǎΦ  ²ƘƛƭŜ ŀ ŦƛǊƳ ŎƻƴŎƭǳǎƛƻƴ Ŏŀƴƴƻǘ ōŜ ōŀǎŜŘ ƻƴ ǘƘŜǎŜ 

ǊŜǎǳƭǘǎΣ ǘƘŜȅ Řƻ ǇǊƻǾƛŘŜ ǾŀƭǳŀōƭŜ ƛƴŦƻǊƳŀǘƛƻƴ ŦƻǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴŘ ŜȄǇƭƻǊƛƴƎ ǘƘŜ ƳŜǘŀōƻƭƛǎƳ 

ƻŦ ƻȄƛŘƛȊŜŘ wb!Φ  

        L ŀƭǎƻ ŀǎƪŜŘ Ƙƻǿ w./[ ƛǎ ŘƛǎǘǊƛōǳǘŜŘ ƻƴ ǘƘƛǎ ǇƻƭȅǎƻƳŜ ǇǊƻŦƛƭŜΦ w./[ ǿŀǎ Ƴƻǎǘƭȅ ŘŜǘŜŎǘŜŘ ƛƴ 

ǘƘŜ ǘƻǇ ŦǊŀŎǘƛƻƴǎ όм-пύ ƻŦ ǘƘŜ ǇƻƭȅǎƻƳŜ ƎǊŀŘƛŜƴǘ ƛƴ ōȅ ƛƳƳǳƴƻōƭƻǘ ŀƴŀƭȅǎƛǎ όCƛƎ нΦр 5ύΦ ¢ƘŜǊŜ 

ǿŀǎ ƴƻ Ŏƻ-ƳƛƎǊŀǘƛƻƴ ōŜǘǿŜŜƴ w./[ ŀƴŘ ǇƻƭȅǎƻƳŜǎΦ ¢Ƙƛǎ ǊŜǎǳƭǘ ǎƘƻǿŜŘ ǘƘŀǘ w./[ Ŏƻ-

ǎŜŘƛƳŜƴǘŜŘ ǿƛǘƘ ǘƘŜ у-ƻȄƻD wb!Φ ¢ƘŜ Ŏƻ-ƳƛƎǊŀǘƛƻƴ ƻŦ w./[ ŀƴŘ у-ƻȄƻD wb! ŘƛŘ ƴƻǘ ƻŦŦŜǊ ŀƴ 

ŜǾƛŘŜƴŎŜ ŦƻǊ ǘƘŜƛǊ ǇƘȅǎƛŎŀƭ ŀǎǎƻŎƛŀǘƛƻƴΣ ƘƻǿŜǾŜǊ ƛǘ ƛǎ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ ǇǊƻǇƻǎŜŘ ŦǳƴŎǘƛƻƴ ƻŦ 

w./[ ƛƴ ǘƘŜ ŎƻƴǘǊƻƭ ƻŦ ǘƘŜ ƭŜǾŜƭ ƻŦ у-ƻȄƻD wb!Φ  
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CƛƎǳǊŜ нΦр у-ƻȄƻD wb! ŀƴŘ w./[ ŘƛŘ ƴƻǘ Ŏƻ-ǎŜŘƛƳŜƴǘ ǿƛǘƘ ǇƻƭȅǎƻƳŜǎ ƻƴ ǘƘŜ ǎǳŎǊƻǎŜ ƎǊŀŘƛŜƴǘΦ 

¢ǿŜƭǾŜ ŦǊŀŎǘƛƻƴǎ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ǇƻƭȅǎƻƳŜ ƛǎƻƭŀǘƛƻƴ ǎǳŎǊƻǎŜ ƎǊŀŘƛŜƴǘ ŦǊƻƳ ǘƻǇ ǘƻ ōƻǘǘƻƳΦ 

!ύ h5нсл ǿŀǎ ƳŜŀǎǳǊŜŘ ōȅ ǎǇŜŎǘǊƻǇƘƻǘƻƳŜǘŜǊ ƻŦ ŀƭƭ ǘǿŜƭǾŜ ŦǊŀŎǘƛƻƴǎΦ .ύ ¢ƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ Ǉǎō/ 

Ƴwb! ǿŀǎ ŘŜǘŜŎǘŜŘ ōȅ ƴƻǊǘƘŜǊƴ ōƭƻǘ ŀƴŀƭȅǎƛǎΦ ¢ǿƻ ŦǊŀŎǘƛƻƴǎ ǿŜǊŜ Ǉǳǘ ǘƻƎŜǘƘŜǊ ŀǎ ƻƴŜ ǎŀƳǇƭŜΦ 

¢ƘŜ ǇǊŜǎŜƴŎŜ ƻŦ Ǉǎō/ ƛƴ ǘƘŜ ŦǊŀŎǘƛƻƴ т-мн ƛƴŘƛŎŀǘŜŘ ǘƘŜ ǎǳŎŎŜǎǎŦǳƭ ƛǎƻƭŀǘƛƻƴ ƻŦ ǇƻƭȅǎƻƳŜǎΦ /ύ ¢ƘŜ 

у-ƻȄƻD wb! ǿŜǊŜ ŦƻǳƴŘ ƛƴ ǘƘŜ м-п ŦǊŀŎǘƛƻƴ ōȅ ƛƳƳǳƳƻ-ǎƭƻǘ ōƭƻǘ ŀƴŀƭȅǎƛǎΦ 5ύ LƳƳǳƴƻ-ōƭƻǘ 

ǎƘƻǿŜŘ ǘƘŀǘ w./[ Ŏƻ-ǎŜŘƛƳŜƴǘ ǿƛǘƘ у-ƻȄƻD wb! ƛƴ ǘƘŜ ǘƻǇ ŦǊŀŎǘƛƻƴǎ м-сΦ  
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нΦоΦс hȄƛŘƛȊŜŘ wb! ƭƻŎŀƭƛȊŜǎ ǘƻ ǘƘŜ ǇȅǊŜƴƻƛŘΤ ǘƘŜ ƳŀƧƻǊ ƛƴǘǊŀŎŜƭƭǳƭŀǊ ƭƻŎŀǘƛƻƴ ƻŦ w./[Φ  

Lƴ ƻǊŘŜǊ ǘƻ ŘŜǘŜǊƳƛƴŜ ǿƘŜǘƘŜǊ ƻȄƛŘƛȊŜŘ wb! ŀŎŎǳƳǳƭŀǘŜǎ ƛƴ ŎǇ{DǎΣ L ŎƘŀǊŀŎǘŜǊƛȊŜŘ ǘƘŜ 

ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ у-ƻȄƻD ƛƴ /Φ ǊŜƛƴƘŀǊŘǘƛƛ ōȅ LC ƳƛŎǊƻǎŎƻǇȅ ǳǎƛƴƎ ŀ ŎƻƳƳŜǊŎƛŀƭ ŀƴǘƛōƻŘȅ ŀƎŀƛƴǎǘ у-

ƻȄƻDΦ ¢ƘŜ LC ǎƛƎƴŀƭ όCƛƎΦ нΦс !ύ ǿŀǎ ǎǇŜŎƛŦƛŎ ǘƻ у-ƻȄƻD ōŜŎŀǳǎŜ ƛǘ ǿŀǎ ŜƭƛƳƛƴŀǘŜŘ ǿƘŜƴ ǘƘŜ 

ŀƴǘƛōƻŘȅ ǿŀǎ ƛƴŎǳōŀǘŜŘ ǿƛǘƘ у-ƻȄƻD ǇǊƛƻǊ ǘƻ ǎǘŀƛƴƛƴƎ όCƛƎΦ нΦс .ύΦ  

LƴǎǇŜŎǘƛƻƴ ƻŦ ŎŜƭƭ ƛƳŀƎŜǎ ƛƴ CƛƎΦ нΦс ! ǊŜǾŜŀƭŜŘ ƘƛƎƘŜǊ у-ƻȄƻD LC ǎƛƎƴŀƭ ƛƴ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ 

ǘƘŀƴ ƛƴ ǘƘŜ ŎŜƴǘǊŀƭ ǊŜƎƛƻƴ ǿƛǘƘ ǘƘŜ ƴǳŎƭŜǳǎ ŀƴŘ Ƴƻǎǘ ŎȅǘƻǎƻƭƛŎ ŎƻƳǇŀǊǘƳŜƴǘǎΦ ¢ƘŜ у-ƻȄƻD LC 

ǎƛƎƴŀƭ ǿŀǎ ƛƴ ǘǿƻ ŘƛǎǘƛƴŎǘ ǇŀǘǘŜǊƴǎΤ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǇȅǊŜƴƻƛŘ ŀƴŘ ƛƴ ǇǳƴŎǘŀǘŜ ŦƻŎƛ ƭƻŎŀǘŜŘ ŜƛǘƘŜǊ 

ƛƴ ƻǊ ƴŜŀǊ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘΦ Lƴ ƻǊŘŜǊ ǘƻ ŘŜǘŜǊƳƛƴŜ ǿƘŜǘƘŜǊ ǘƘŜǎŜ ǇŀǘǘŜǊƴǎ ǊŜǇǊŜǎŜƴǘ у-ƻȄƻD ƛƴ 

5b! ƻǊ wb!Σ ǿŜ ǳǎŜŘ ǘǿƻ ŀǇǇǊƻŀŎƘŜǎΦ CƛǊǎǘΣ L Ŏƻ-ǎǘŀƛƴŜŘ ŎŜƭƭǎ ǿƛǘƘ 5!tLΣ ǘƻ ǾƛǎǳŀƭƛȊŜ ǘƘŜ ƴǳŎƭŜǳǎ 

ŀƴŘ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ƴǳŎƭŜƻƛŘǎ όǘƘŜ ƭŀǘǘŜǊ Ŏƻƴǘŀƛƴ ǘƘŜ ƳǳƭǘƛŎƻǇȅ ŎƘƭƻǊƻǇƭŀǎǘ ƎŜƴƻƳŜύΦ ¢ƘŜǎŜ 

5b!-ŎƻƴǘŀƛƴƛƴƎ ǎǘǊǳŎǘǳǊŜǎ ƻƴƭȅ ǿŜŀƪƭȅ LC-ǎǘŀƛƴŜŘ ŦƻǊ у-ƻȄƻD όCƛƎΦ нΦс !ύ ŀƴŘ ōƻǘƘ ǿŜǊŜ ŎƭŜŀǊƭȅ 

ŘƛǎǘƛƴŎǘ ŦǊƻƳ ǘƘŜ у-ƻȄƻD LC-ǎǘŀƛƴƛƴƎ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ ŀƴŘ ŦƻŎƛΦ ¢ƘŜǊŜŦƻǊŜΣ Ƴƻǎǘ у-ƻȄƻD ƛǎ ƴƻǘ ƛƴ 

ǘƘŜ ƎŜƴƻƳƛŎ 5b! ƻŦ ŜƛǘƘŜǊ ǘƘŜ ƴǳŎƭŜǳǎ ƻǊ ŎƘƭƻǊƻǇƭŀǎǘΦ {ŜŎƻƴŘΣ L ŀǎƪŜŘ ǿƘŜǘƘŜǊ wbŀǎŜ ƻǊ 5bŀǎŜ 

ǘǊŜŀǘƳŜƴǘ ŀƭǘŜǊŜŘ ǘƘŜ у-ƻȄƻD LC-ǎǘŀƛƴƛƴƎ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘΣ ǘƘŜ ŦƻŎƛΣ ƻǊ ōƻǘƘΦ ¢ƘŜ у-ƻȄƻD LC ǎƛƎƴŀƭ 

ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘ ǿŀǎ ŜƭƛƳƛƴŀǘŜŘ ōȅ ǘǊŜŀǘƳŜƴǘ ǿƛǘƘ wbŀǎŜΣ ōǳǘ ƴƻǘ 5bŀǎŜΣ ǎǳƎƎŜǎǘƛƴƎ ǘƘŀǘ ƛǘ 

ǊŜǇǊŜǎŜƴǘǎ ƻȄƛŘƛȊŜŘ wb! όCƛƎΦ нΦс /ύΦ .ȅ ŎƻƴǘǊŀǎǘ ǘƘŜ у-ƻȄƻD LC ǎƛƎƴŀƭ ƛƴ Ƴƻǎǘ ǇǳƴŎǘŀǘŜ ŦƻŎƛ ǿŀǎ 

ŜƭƛƳƛƴŀǘŜŘ ōȅ ǘǊŜŀǘƳŜƴǘ ǿƛǘƘ 5bŀǎŜΣ ōǳǘ ƴƻǘ ǿƛǘƘ wbŀǎŜΣ ǎǳƎƎŜǎǘƛƴƎ ƛǘ ƛǎ ƛƴ 5b! όCƛƎΦ нΦс 5ύΦ 

¢ƘŜǎŜ ŦƻŎƛ ŎƻǳƭŘ ōŜ ǘƘŜ 5b! ƻŦ ƳƛǘƻŎƘƻƴŘǊƛŀΣ ǿƘƛŎƘ ŀǊŜ ƻŦǘŜƴ ōŜǘǿŜŜƴ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ŀƴŘ ǘƘŜ 

ǇƭŀǎƳŀ ƳŜƳōǊŀƴŜ ώнммϐΦ ¢ƘŜǎŜ ŦƻŎƛ ǿŜǊŜ ƴƻǘ ŜȄǇƭƻǊŜŘ ŦǳǊǘƘŜǊ ƘŜǊŜΦ 
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CƛƎǳǊŜ нΦс ¢ƘŜ ƛƴ ǎƛǘǳ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ у-ƻȄƻD wb! ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎΦ !ύ ²ƛƭŘ-ǘȅǇŜ ŎŜƭƭǎ ǿŜǊŜ 

LC-ǎǘŀƛƴŜŘ ŦƻǊ у-ƻȄƻD όƎǊŜŜƴύ ŀƴŘ Ŏƻ-ǎǘŀƛƴŜŘ ǿƛǘƘ 5!tL ǘƻ ǾƛǎǳŀƭƛȊŜ 5b!Φ ¢ƘŜ ǇȅǊŜƴƻƛŘ ƛǎ ǎŜŜƴ ƛƴ 

ŘƛŦŦŜǊŜƴǘƛŀƭ ƛƴǘŜǊŦŜǊŜƴŎŜ ŎƻƴǘǊŀǎǘ ό5L/ύ ƛƳŀƎŜǎΦ ! ŎŜƭƭ ƛƭƭǳǎǘǊŀǘƛƻƴ όǊƛƎƘǘ-ƘŀƴŘ Ƴƻǎǘ ƛƳŀƎŜ ƛƴ !ύ 

ǎƘƻǿǎ ǘƘŜ ƭƻŎŀǘƛƻƴǎ ƻŦ ǘƘŜ ƴǳŎƭŜǳǎ όbύΣ Ŏȅǘƻǎƻƭ ό/ȅύΣ ŀƴŘ ŎƘƭƻǊƻǇƭŀǎǘ ό/ǇύΣ ǿƘŜǊŜƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘ 

όtύ ƛǎ ǎǳǊǊƻǳƴŘŜŘ ōȅ ŀ ǎǘŀǊŎƘ ǎƘŜŀǘƘ όǿƘƛǘŜύ ŀƴŘ Ŏƻƴǘŀƛƴǎ ŎǇ{Dǎ όǊŜŘύΦ .ύ ¢ƘŜ LC ǎƛƎƴŀƭ ŦǊƻƳ у-

ƻȄƻD ǿŀǎ ŜƭƛƳƛƴŀǘŜŘ ōȅ ǇǊŜ-ƛƴŎǳōŀǘƛƴƎ ǘƘŜ ǇǊƛƳŀǊȅ ŀƴǘƛōƻŘȅ ǿƛǘƘ у-ƻȄƻDΦ /ύ ¢ƘŜ у-ƻȄƻD LC 

ǎƛƎƴŀƭ ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘ ƛǎ ǎŜƴǎƛǘƛǾŜ ǘƻ wbŀǎŜ όмл Ǝ˃κƳƭύ ǘǊŜŀǘƳŜƴǘΦ 5ύ 5bŀǎŜ όрл Ǝ˃κƳƭύ 

ǘǊŜŀǘƳŜƴǘ ŘƛŘ ƴƻǘ ǊŜŘǳŎŜ ǘƘŜ у-ƻȄƻD ǎƛƎƴŀƭ ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘ ōǳǘ ŘƛŘ ƛƴ ǘƘŜ ǇǳƴŎǘŀǘŜ ŦƻŎƛΦ 9 ŀƴŘ Cύ 

Lƴ ŎŜƭƭǎ ǘƘŀǘ ƘŀŘ ōŜŜƴ ǘǊŜŀǘŜŘ ǿƛǘƘ нΦл Ƴa Iнhн ǘƻ ƛƴŘǳŎŜ ŎǇ{D ŦƻǊƳŀǘƛƻƴΣ ǘƘŜ у-ƻȄƻD LC ǎƛƎƴŀƭ 

όƎǊŜŜƴύ ǿŀǎ ǎŜŜƴ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǇȅǊŜƴƻƛŘ ŀƴŘ ƴƻǘ ƛƴ ŎǇ{Dǎ όǿƘƛǘŜ ŀǊǊƻǿǎύΣ ǿƘƛŎƘ ǿŜǊŜ LC-

ǎǘŀƛƴŜŘ όǊŜŘύ ŦƻǊ ŜƛǘƘŜǊ w./[ ό9ύ ƻǊ ǘƘŜ ǇǊƻǘŜƛƴ ƻŦ ǘƘŜ ол{ ŎƘƭƻǊƻǇƭŀǎǘ ǊƛōƻǎƻƳŀƭ ǎǳōǳƴƛǘ όCύΦ {ƛȊŜ 

ōŀǊǎ Ґ рΦл ҡƳΦ  
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          L ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ у-ƻȄƻD LC-ǎǘŀƛƴƛƴƎ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ ōŜŎŀǳǎŜ ƛǘ ǊŜǇǊŜǎŜƴǘǎ ƻȄƛŘƛȊŜŘ wb! ŀƴŘ 

ǿŀǎ ŀǘȅǇƛŎŀƭΤ ŜȄŎŜǇǘ ŦƻǊ ǘƘŜ ōƻƴŀ ŦƛŘŜ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƛƴǎ w./[ ŀƴŘ w./{Σ ǿŜ ƘŀǾŜ ƴƻǘ ǎŜŜƴ ǘƘŜ 

ǇǊŜǎŜƴŎŜ ƛƴ ǇȅǊŜƴƻƛŘ ŦƻǊ ŀƴȅ ƻŦ ǘƘŜ ŦƻǳǊ ŎƘƭƻǊƻǇƭŀǎǘ Ƴwb!ǎ ƻǊ ƴƛƴŜ ŎƘƭƻǊƻǇƭŀǎǘ ǇǊƻǘŜƛƴǎ 

ŀƴŀƭȅȊŜŘ ǇǊŜǾƛƻǳǎƭȅ ƛƴ ǘƘŜ ƭŀō ώоуΣ нлмΣ нмн-нмпϐΦ ¢ƘŜǊŜŦƻǊŜΣ у-ƻȄƻD LC-ǎǘŀƛƴƛƴƎ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ 

ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǎǇŜŎƛŦƛŎ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ƻȄƛŘƛȊŜŘ wb! ŀƴŘ ƛǎ ƴƻǘ ŘǳŜΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ǘƻ ƴƻƴǎǇŜŎƛŦƛŎ 

ŜƴǘǊȅ ƛƴǘƻ ǘƘŜ ǇȅǊŜƴƻƛŘ ƻŦ ŎƘƭƻǊƻǇƭŀǎǘ ǎǘǊƻƳŀΣ ǿƘƛŎƘ Ŏƻƴǘŀƛƴǎ wb!Φ /ƻƴǎƛŘŜǊƛƴƎ ǘƘŀǘ ǘƘŜ 

ǇȅǊŜƴƻƛŘ ƛǎ ǘƘŜ ƳŀƧƻǊ ƭƻŎŀǘƛƻƴ ƻŦ w./[Σ ǘƘŜǎŜ ǊŜǎǳƭǘǎ ǇǊƻǾƛŘŜ ŎƛǊŎǳƳǎǘŀƴǘƛŀƭ ŜǾƛŘŜƴŎŜ ƛƴ ǎǳǇǇƻǊǘ 

ƻŦ ǘƘŜ ƳƻƻƴƭƛƎƘǘƛƴƎ ŦǳƴŎǘƛƻƴ ƻŦ w./[Φ 

²ƘŜƴ ŎŜƭƭǎ ǿŜǊŜ ŜȄǇƻǎŜŘ ǘƻ IнhнΣ ŀ wh{ ǳǎŜŘ ǘƻ ƛƴŘǳŎŜ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎΣ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ 

ƻŦ ŎŜƭƭǎ ƛƴ ǿƘƛŎƘ ǘƘŜ ǇȅǊŜƴƻƛŘ LC-ǎǘŀƛƴŜŘ ŦƻǊ у-ƻȄƻD ƛƴŎǊŜŀǎŜŘ ŦǊƻƳ пп҈ όƴҐнмрύ ǘƻ сп҈ όƴҐмуфύΦ 

¢Ƙƛǎ ǊŜǎǳƭǘ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ƻȄƛŘƛȊŜŘ wb! Ƴŀȅ ƭƻŎŀƭƛȊŜ ǘƻ ǘƘŜ ǇȅǊŜƴƻƛŘ ŦƻǊ ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭΦ  

L ǘƘŜƴ ŀǎƪŜŘ ǿƘŜǘƘŜǊ ŎǇ{Dǎ ŀǊŜ ŜƴǊƛŎƘŜŘ ƛƴ ƻȄƛŘƛȊŜŘ wb!Φ ŎǇ{Dǎ ǿŜǊŜ ǾƛǎǳŀƭƛȊŜŘ ōȅ LC-

ǎǘŀƛƴƛƴƎ ŎŜƭƭǎ ŦƻǊ ƻƴŜ ƻŦ ǘǿƻ ŎǇ{D ƳŀǊƪŜǊ ǇǊƻǘŜƛƴǎΤ w./[ ƻǊ ŀ ǇǊƻǘŜƛƴ ƻŦ ǘƘŜ ол{ ǎǳōǳƴƛǘ ƻŦ ǘƘŜ 

ŎƘƭƻǊƻǇƭŀǎǘ ǊƛōƻǎƻƳŜ όCƛƎ нΦс 9 ŀƴŘ CύΦ !ǎ ŜȄǇŜŎǘŜŘΣ ǘƘŜ LC ǎƛƎƴŀƭǎ ŦǊƻƳ ǘƘŜǎŜ ƳŀǊƪŜǊ ǇǊƻǘŜƛƴǎ 

ǿŜǊŜ ǎŜŜƴ ƛƴ ŎǇ{Dǎ ŀǘ ǘƘŜ ǇŜǊƛƳŜǘŜǊ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ ώоуϐΦ IƻǿŜǾŜǊΣ ǘƘŜ LC ǎƛƎƴŀƭ ŦǊƻƳ у-ƻȄƻD 

ǊŜƳŀƛƴŜŘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǇȅǊŜƴƻƛŘ ŀƴŘ ŘƛŘ ƴƻǘ ƭƻŎŀƭƛȊŜ ǎǇŜŎƛŦƛŎŀƭƭȅ ƛƴ ŎǇ{Dǎ όCƛƎΦ нΦс 9 ŀƴŘ CύΦ 

hǳǊ ŦƛƴŘƛƴƎ ǘƘŀǘ ƴƻ ŎǇ{D ǿŀǎ ǎǇŜŎƛŦƛŎŀƭƭȅ ŜƴǊƛŎƘŜŘ ƛƴ у-ƻȄƻD LC ǎƛƎƴŀƭ ǎǘǊƻƴƎƭȅ ǎǳƎƎŜǎǘǎ ǘƘŀǘ 

ŎǇ{Dǎ Řƻ ƴƻǘ ŀŎŎǳƳǳƭŀǘŜ ƻȄƛŘƛȊŜŘ wb!Φ IƻǿŜǾŜǊΣ ǘƘŜ ŀǎǎŜƳōƭȅ ƻŦ ŎǇ{Dǎ ŀǊŜ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ wb! 

ƻȄƛŘŀǘƛƻƴ ƭŜǾŜƭ όCƛƎ нΦпύΦ ¢ƘǳǎΣ ƛƴǎǘŜŀŘ ƻŦ ǊŜŎǊǳƛǘƛƴƎ ƻȄƛŘƛȊŜŘ wb!Σ ŎǇ{Dǎ Ƴŀȅ ƘŀǾŜ ƻǘƘŜǊ 

ƳŜŎƘŀƴƛǎƳǎ ǘƻ ŎƻƴǘǊƻƭ wb! ƻȄƛŘŀǘƛƻƴΣ ƛΦŜΦ ǇǊƻǘŜŎǘƛƴƎ ǘƘŜ ƛƴǘŀŎǘ wb! ŦǊƻƳ ƻȄƛŘŀǘƛƻƴΦ 
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нΦоΦт ŎǇ{Dǎ ǿŜǊŜ ƴƻǘ ŘŜǘŜŎǘŜŘ ƛƴ ɲw./{  

ɲw./{ ǎƘƻǿŜŘ ŀ ƭƻǿŜǊ ƳŜŀƴ ƭŜǾŜƭ ƻŦ wb! ƻȄƛŘŀǘƛƻƴ ŀƴŘ ƘƛƎƘŜǊ ǘƻƭŜǊŀƴŎŜ ǘƻ IнhнΣ 

ǊŜƭŀǘƛǾŜ ǘƻ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴ όCƛƎ нΦм ŀƴŘ нΦнύΦ ¢ƘŜ wb! ƻȄƛŘŀǘƛƻƴ ƻŦ ɲw./{ ƛǎ ŀǘ ǘƘŜ ōŀŎƪƎǊƻǳƴŘ 

ƭŜǾŜƭ ƛƴ LC όŘŀǘŀ ƴƻǘ ǎƘƻǿƴύΦ L ŀƭǎƻ ŦƻǳƴŘ ǘƘŜ ŦƻǊƳŀǘƛƻƴ ƻŦ ŎǇ{Dǎ ǿŀǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƭƻǿŜǊ ƭŜǾŜƭ 

ƻŦ wb! ƻȄƛŘŀǘƛƻƴ όCƛƎ нΦпύΦ ¢ƘǳǎΣ L ŀǎƪŜŘ ƛŦ ǘƘŜǊŜ ǿŜǊŜ ŎƻƴǎǘƛǘǳǘƛǾŜ ƻǊ ƳƻǊŜ ŎǇ{Dǎ ŦƻǊƳŜŘ ƛƴ 

ɲw./{Φ LŦ ǎƻΣ ǘƘŜǎŜ ŎǇ{Dǎ ƳƛƎƘǘ ŜȄǇƭŀƛƴ ǘƘŜ ƘƛƎƘŜǊ ǘƻƭŜǊŀƴŎŜ ǘƻ Iнhн ŀƴŘ ƭƻǿ ƭŜǾŜƭ ƻŦ wb! 

ƻȄƛŘŀǘƛƻƴΦ IƻǿŜǾŜǊΣ ǘƘŜ ǇǊŜǾƛƻǳǎ ǎǘǳŘȅ ƛƴ ƻǳǊ ƭŀō ŘƛŘ ƴƻǘ ǎƘƻǿ ǘƘŜ ŎǇ{Dǎ ƛƴ ɲw./{ όWƛƳ 

¦ƴƛŀŎƪŜΩǎ ǳƴǇǳōƭƛǎƘŜŘ ŘŀǘŀύΦ ŎǇ{Dǎ ǿŜǊŜ ŘŜǘŜŎǘŜŘ ŀǘ ǘƘŜ ǇŜǊƛƳŜǘŜǊ ƻŦ ǇȅǊŜƴƻƛŘǎ ŀƴŘ ǇȅǊŜƴƻƛŘǎ 

ƻŦŦŜǊŜŘ ŀ ƭƻǿ ōŀŎƪƎǊƻǳƴŘ ŦƻǊ ŦƭǳƻǊŜǎŎŜƴǘ ǎƛƎƴŀƭ ŘŜǘŜŎǘƛƻƴΣ ōǳǘ ɲw./{ ƭŀŎƪ ŀ ǇȅǊŜƴƻƛŘ ŀǎ ŀ ŎǇ{Dǎ 

ƭƻŎŀƭƛȊŀǘƛƻƴ ƛƴŘƛŎŀǘƻǊ ōŜŎŀǳǎŜ ǘƘŜ ŦƻǊƳŀǘƛƻƴ ƻŦ ǇȅǊŜƴƻƛŘ ƴŜŜŘǎ ǘǿƻ ŀƭǇƘŀ ƘŜƭƛŎŜǎ ƛƴ w./{ 

ǇǊƻǘŜƛƴΦ ¢ƘǳǎΣ ɲw./{ Ƴŀȅ ǎǘƛƭƭ ƘŀǾŜ ǘƘŜ ŎǇ{DǎΣ ōǳǘ ǿƘƛŎƘ ŀǊŜ ƳƻǊŜ ŘƛŦŦƛŎǳƭǘ ǘƻ ƛŘŜƴǘƛŦȅΦ CƻǊ 

ŜȄŀƳǇƭŜΣ ǘƘŜǊŜ Ƴŀȅ ōŜ ŀ ƭƻǘ ƻŦ ǎƳŀƭƭ ŦƻŎƛ ǿƛǘƘ ŎǇ{Dǎ ŎƻƳǇƻƴŜƴǘǎ ŘƛǎǇŜǊǎƛƴƎ ǘƘǊƻǳƎƘƻǳǘ ɲw./{ 

ǿƘƛŎƘ ŀǊŜ ŘƛŦŦƛŎǳƭǘ ǘƻ ŘƛǎǘƛƴƎǳƛǎƘΦ ¢ƘŜǊŜŦƻǊŜΣ L ǘǊƛŜŘ ǘƻ ƭƻŎŀƭƛȊŜ ŀƴ ŎƘƭƻǊƻǇƭŀǎǘ Ƴwb! ŀƴŘ ǎŜǾŜǊŀƭ 

ŎǇ{Dǎ ƳŀǊƪŜǊ ǇǊƻǘŜƛƴǎ ōȅ CL{I ŀƴŘ LC ƛƴ ɲw./{ ŀƎŀƛƴΣ ǘƻ ŘŜǘŜǊƳƛƴŜ ǿƘŜǘƘŜǊ L ŎƻǳƭŘ ŘŜǘŜŎǘ 

ŎǇ{DǎΦ  

           L ŦƻǳƴŘ ǘƘŀǘ ǘƘŜ Ǉǎō! ƳŜǎǎŀƎŜ Ŏƻ-ƭƻŎŀƭƛȊŜŘ ǿƛǘƘ w./[ ƛƴ ǎŜǾŜǊŀƭ ŦƻŎƛ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ŎŜƭƭǎ 

όCƛƎ нΦт !ύΦ aƻǊŜƻǾŜǊΣ ǘƘŜ ƻǘƘŜǊ ŎǇ{D ƳŀǊƪŜǊ ǇǊƻǘŜƛƴǎΤ w./[ ŀƴŘ ол{ ǊƛōƻǎƻƳŀƭ ǇǊƻǘŜƛƴ ŀƭǎƻ 

ǎƘƻǿŜŘ ŀ ǎƛƳƛƭŀǊ Ŏƻ-ƭƻŎŀƭƛȊŜŘ ŘƛǎǘǊƛōǳǘƛƻƴ όCƛƎ нΦт .ύΦ Lǘ ǿŀǎ ŜƴŎƻǳǊŀƎƛƴƎ ǘƻ ŦƛƴŘ ǘƘŜ Ŏƻ-

ƭƻŎŀƭƛȊŀǘƛƻƴ ǇŀǘǘŜǊƴ ƻŦ ǘƘŜ ŎǇ{Dǎ ƳŀǊƪŜǊǎ ƛƴ ɲw./{Φ IƻǿŜǾŜǊΣ ǿƘŜƴ L ƭƻƻƪŜŘ ŀǘ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ŀ 

ƴƻƴ-ŎǇ{DǎΣ ǎǘǊƻƳŀ ƘŜŀǘ ǎƘƻŎƪ ǇǊƻǘŜƛƴΣ I{tтл ώнмрϐΣ L ŦƻǳƴŘ ǘƘŀǘ ƛǘ ŀƭǎƻ Ŏƻ-ƭƻŎŀƭƛȊŜŘ ǿƛǘƘ w./[ 

ƛƴ ŦƻŎƛ όCƛƎ нΦт /ύΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜǎŜ ŦƻŎƛ ǿƛǘƘ Ŏƻ-ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ŎǇ{Dǎ ƳŀǊƪŜǊǎ ŎƻǳƭŘ Ƨǳǎǘ ōŜ 

ǇƻŎƪŜǘǎ ƻŦ ǎǘǊƻƳŀΣ ƛƴǎǘŜŀŘ ƻŦ ŎǇ{DǎΦ 
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CƛƎǳǊŜ нΦт 5ŜǘŜŎǘƛƻƴ ƻŦ ŎǇ{Dǎ ƛƴ ɲw./{Φ ɲw./{ ŎŜƭƭǎ ǿŜǊŜ LC-ǎǘŀƛƴŜŘ ǿƛǘƘ ƻƴŜ ŎǇ{Dǎ ƳŀǊƪŜǊ 

ǇǊƻǘŜƛƴΤ w./[ όǊŜŘύΦ !ύ tǎō! Ƴwb! ǿŀǎ ŘŜǘŜŎǘŜŘ ǿƛǘƘ CL{I όƎǊŜŜƴύΦ .ύ !ƴƻǘƘŜǊ ŎǇ{Dǎ ƳŀǊƪŜǊ 

ǇǊƻǘŜƛƴΤ ол{ ǊƛōƻǎƻƳŜ όƎǊŜŜƴύ ǿŀǎ Ŏƻ-ǎǘŀƛƴŜŘ ǿƛǘƘ w./[Φ /ύ ¢ƘŜ ǎǘǊƻƳŀ ǿŀǎ ƭŀōŜƭŜŘ ōȅ ƘŜŀǘ 

ǎƘƻŎƪ ǇǊƻǘŜƛƴ I{tтл όƎǊŜŜƴύΦ 5ύ ! ŎŜƭƭ ƛƭƭǳǎǘǊŀǘƛƻƴ ǎƘƻǿǎ ǘƘŜ ƭƻŎŀǘƛƻƴǎ ƻŦ ǘƘŜ ƴǳŎƭŜǳǎ όbύΣ Ŏȅǘƻǎƻƭ 

ό/ȅύΣ ŀƴŘ ŎƘƭƻǊƻǇƭŀǎǘ ό/ǇύΣ ǇƻǎǎƛōƭŜ ƭƻŎŀǘƛƻƴ ŦƻǊ ŎǇ{Dǎ ƻǊ w./[-wbtǎ όǊŜŘύΦ {ƛȊŜ ōŀǊ ƛƴŘƛŎŀǘŜ р 

ҡƳΦ 
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 {ƛƴŎŜ ƴƻ ƻōǾƛƻǳǎ ŎǇ{Dǎ ǿŜǊŜ ŘŜǘŜŎǘŜŘ ƛƴ ɲw./{Σ ǘƘŜ ƘƛƎƘŜǊ ǘƻƭŜǊŀƴŎŜ ǘƻ Iнhн ŀƴŘ ƭƻǿŜǊ 

ƳŜŀƴ ƭŜǾŜƭ ƻŦ wb! ƻȄƛŘŀǘƛƻƴ ƛƴ ǘƘƛǎ ǎǘǊŀƛƴ ǎƘƻǳƭŘ ōŜ ŎƻƴŦŜǊǊŜŘ ōȅ ŀƴ ǳƴƪƴƻǿƴ w./[-wbt ƛƴǎǘŜŀŘ 

ƻŦ ǘƘŜ ǿƘƻƭŜ ŎǇ{DǎΦ ¢ƘŜ ǊŜǎǳƭǘǎ ǎǳƎƎŜǎǘ ǘƘŀǘ ŦƻǊƳŀǘƛƻƴ ƻŦ ŎǇ{Dǎ Ƴŀȅ ōŜ ǊŜƭŀǘŜŘ ǘƻΣ ōǳǘ ƴƻǘ 

ǊŜǉǳƛǊŜŘ ŦƻǊΣ ǘƘŜ ƳƻƻƴƭƛƎƘǘƛƴƎ ŦǳƴŎǘƛƻƴ ƻŦ w./[Φ  

нΦоΦу !ƴ w./[ ŎƻƳǇƭŜȄ ƳƛƎƘǘ ŎŀǊǊȅ ƻǳǘ ǘƘŜ ƳƻƻƴƭƛƎƘǘƛƴƎ ŦǳƴŎǘƛƻƴ ƻŦ w./[ ƛƴ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ 

ǎǘǊŀƛƴ ŀƴŘ ɲw./{Φ 

wŜǎǳƭǘǎ ǇǊŜǎŜƴǘŜŘ ŜŀǊƭƛŜǊ ƛƴ ǘƘƛǎ ŎƘŀǇǘŜǊ ǎǳƎƎŜǎǘ ǘƘŀǘ w./[ Ƙŀǎ ŀ άƳƻƻƴƭƛƎƘǘƛƴƎέ ŦǳƴŎǘƛƻƴ ƛƴ 

ŎƻƴǘǊƻƭƭƛƴƎ ǘƘŜ ƭŜǾŜƭ ƻŦ ƻȄƛŘƛȊŜŘ wb! ƛƴ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ŜǾŜƴ ǳƴŘŜǊ ǘƘŜ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŎƻƴŘƛǘƛƻƴ 

όCƛƎΦ нΦнύΦ ²Ŝ ǿŀƴǘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ w./[ ŎƻƴŦŜǊǎ ǘƘƛǎ ŦǳƴŎǘƛƻƴΦ ! ƳƛƴƻǊ w./[ ǇƻƻƭΣ ǿƘƛŎƘ 

ŎƻǳƭŘ ōŜ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǘƘƛǎ wǳōƛǎŎƻ-ƛƴŘŜǇŜƴŘŜƴǘ ŦǳƴŎǘƛƻƴ ǿŀǎ ƛŘŜƴǘƛŦƛŜŘ ōȅ Ƴȅ ŎƻƭƭŜŀƎǳŜΣ 

WŀƳŜǎ 5Ƙŀƭƛǿŀƭ όCƛƎ пΣ !ǇǇŜƴŘƛȄ LLύΦ ¢Ƙƛǎ w./[ Ǉƻƻƭ ǿŀǎ ǎƘƻǿƴ ǘƻ ǇŜƭƭŜǘ ŘǳǊƛƴƎ ŎŜƴǘǊƛŦǳƎŀǘƛƻƴ 

ǿƛǘƘ ƳŜƳōǊŀƴŜǎ ōǳǘ ǳƴƭƛƪŜ ǘƘŜ ƳŜƳōǊŀƴŜǎΣ ƛǘ ǊŜƳŀƛƴǎ ƛƴǎƻƭǳōƭŜ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ¢Ǌƛǘƻƴ ·-

мллΦ ¢ƘŜǎŜ ǊŜǎǳƭǘǎ ǎǳƎƎŜǎǘ ǘƘŀǘ w./[ ƛǎ ƛƴ ŀ ƴƻƴ-ƳŜƳōǊŀƴŜΣ ǾŜǊȅ ƘƛƎƘ ƳƻƭŜŎǳƭŀǊ Ƴŀǎǎ ŎƻƳǇƭŜȄ 

όCƛƎ пΣ !ǇǇŜƴŘƛȄ LLύΦ ¢ƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǘƘƛǎ w./[ Ǉƻƻƭ ŎƻǊǊŜƭŀǘŜǎ ǿƛǘƘ ǘƘŜ wǳōƛǎŎƻ-ƛƴŘŜǇŜƴŘŜƴǘ 

ƳƻƻƴƭƛƎƘǘƛƴƎ ŦǳƴŎǘƛƻƴΦ Lǘ ǿŀǎ ŘŜǘŜŎǘŜŘ ƛƴ ŦǊŀŎǘƛƻƴŀǘƛƻƴ ŜȄǇŜǊƛƳŜƴǘǎ ǳǎƛƴƎ ōƻǘƘ ǿƛƭŘ-ǘȅǇŜ ŀƴŘ 

ɲw./{ ǎǘŀƛƴǎΦ 

L ŀŘŘǊŜǎǎ ǘƘŜ ŀǎǎŜƳōƭȅ ǎǘŀǘŜ ƻŦ ǘƘŜ w./[ ǘƘŀǘ ŎŀǊǊƛŜǎ ƻǳǘ ǘƘŜ wǳōƛǎŎƻ-ƛƴŘŜǇŜƴŘŜƴǘ 

ƳƻƻƴƭƛƎƘǘƛƴƎ ŦǳƴŎǘƛƻƴΦ .ŜŎŀǳǎŜ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴ Ƙŀǎ ŀ ǘǊŜƳŜƴŘƻǳǎ ŀƳƻǳƴǘ ƻŦ w./[ ƛƴ ǘƘŜ 

wǳōƛǎŎƻ ƘƻƭƻŜƴȊȅƳŜ ŎƻƳǇƭŜȄ όŎƻƴǎǘƛǘǳǘƛƴƎ ол-рл҈ ƻŦ ǘƻǘŀƭ ǇǊƻǘŜƛƴύ ώнмсϐΣ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ŀ 

ƳƛƴƻǊ w./[ Ǉƻƻƭ ǿƻǳƭŘ ōŜ ƘŀƳǇŜǊŜŘΦ ɲw./{Σ ƘƻǿŜǾŜǊΣ ƭŀŎƪǎ ǘƘŜ wǳōƛǎŎƻ ƘƻƭƻŜƴȊȅƳŜ ōǳǘ Ƙŀǎ 

ƭƻǿŜǊ wb! ƻȄƛŘŀǘƛƻƴ ǘƘŀƴ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴ ŀƴŘ ŀƭƭ ǘƘŜ w./[ ƛƴ ǘƘƛǎ ǎǘǊŀƛƴ ƛǎ ƛƴ ŀ ¢Ǌƛǘƻƴ ·-млл-

ƛƴǎƻƭǳōƭŜ Ǉƻƻƭ όCƛƎ пΣ !ǇǇŜƴŘƛȄ LLύΦ L ƘȅǇƻǘƘŜǎƛȊŜ ǘƘŀǘ ǘƘƛǎ w./[ ŦƻǊƳ ƛǎ ŀƭǎƻ ǇǊŜǎŜƴǘ ƛƴ ǿƛƭŘ ǘȅǇŜΣ 
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ǿƘŜǊŜ ƛǘ ŎƻƴǎǘƛǘǳǘŜǎ ŀ ƳƛƴƻǊ Ǉƻƻƭ ŀƭƻƴƎ ǿƛǘƘ ǘƘŜ ƳŀƧƻǊ w./[ Ǉƻƻƭ ƛƴ ǘƘŜ wǳōƛǎŎƻ ƘƻƭƻŜƴȊȅƳŜΦ 

¢ƘŜǊŜŦƻǊŜΣ L ŎƘŀǊŀŎǘŜǊƛȊŜŘ ǘƘŜ w./[ ŎƻƳǇƭŜȄ ƛƴ ǘƘƛǎ Ƴǳǘŀƴǘ ǿƛǘƘ ƴƻƴ-ŘŜƴŀǘǳǊƛƴƎ ǇƻƭȅŀŎǊȅƭŀƳƛŘŜ 

ƎŜƭ ŜƭŜŎǘǊƻǇƘƻǊŜǎƛǎ ŀƴŘ ƛƳƳǳƴƻōƭƻǘǘƛƴƎ ŀǎ ǿŜƭƭ ŀǎ ǎƛȊŜ-ŜȄŎƭǳǎƛƻƴ chromatography ǿƛǘƘ ǘƘŜ 

ǇǊŜƳƛǎŜ ǘƘŀǘ ƛǘ ƛǎ ǘƘŜ w./[ ǘƘŀǘ ŎŀǊǊƛŜǎ ƻǳǘ ǘƘŜ ƳƻƻƴƭƛƎƘǘƛƴƎ ŦǳƴŎǘƛƻƴ ƛƴǾƻƭǾƛƴƎ ƻȄƛŘƛȊŜŘ wb!Φ  

мύ w./[ ǿŀǎ ŘŜǘŜŎǘŜŘ ƛƴ ŀ ŎƻƳǇƭŜȄ ƛƴ ɲw./{ ŀƴŘ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴ ōȅ ƴƻƴ-ŘŜƴŀǘǳǊƛƴƎ ƎŜƭΦ 

    L ƛƴƛǘƛŀƭƭȅ ƛƴǘŜƴŘŜŘ ǘƻ ǳǎŜ ƴƻƴ-ŘŜƴŀǘǳǊƛƴƎ ƎŜƭ ǘƻ ƛŘŜƴǘƛŦȅ ŀƴ w./[-ŎƻƴǘŀƛƴƛƴƎ ŎƻƳǇƭŜȄ ƛƴ 

ɲw./{Φ IƻǿŜǾŜǊΣ ōŜŎŀǳǎŜ ǘƘŜ ŀƳƻǳƴǘ ƻŦ w./[ ƛƴ ɲw./{ ƛǎ ƭƻǿΣ ƛǘ ǿŀǎ ǾŜǊȅ ŘƛŦŦƛŎǳƭǘ ǘƻ ŘŜǘŜŎǘ ƛƴ 

ǘƘŜ ŎǊǳŘŜ ŎŜƭƭ ƭȅǎŀǘŜǎ όŘŀǘŀ ƴƻǘ ǎƘƻǿƴύΦ L ŦƻǳƴŘ ǘƘŀǘ ǘƘŜ w./[ ƛƴ ɲw./{ ǿŀǎ ŜƴǊƛŎƘŜŘ ƛƴ ǘƘŜ ǘƻǇ 

ŦǊŀŎǘƛƻƴǎ м ǘƻ п ƻŦ ǎǳŎǊƻǎŜ ŘŜƴǎƛǘȅ ƎǊŀŘƛŜƴǘǎ ǘƘŀǘ ǊŜǎƻƭǾŜŘ ǊƛōƻǎƻƳŜǎ ŀƴŘ ǇƻƭȅǎƻƳŜǎ όCƛƎ нΦу !ύΦ 

¢ƘǳǎΣ L ŘŜŎƛŘŜŘ ǘƻ ǳǎŜ ǘƘŜǎŜ ŦǊŀŎǘƛƻƴǎ ǘƻ ƛŘŜƴǘƛŦȅ ǇǊƻǘŜƛƴ ŎƻƳǇƭŜȄŜǎ ƻŦ w./[ ƛƴ ɲw./{Φ aƻǎǘ ƻŦ 

ǘƘŜ ŘŜǘŜŎǘŀōƭŜ w./[ ǿŀǎ ƛƴ ǘƘŜǎŜ ŦǊŀŎǘƛƻƴǎ ŀƴŘΣ ǘƘŜǊŜŦƻǊŜΣ L ǇǊŜǎǳƳŜ ǘƘŀǘ ǘƘƛǎ ŀƴŀƭȅǎƛǎ ƛǎ ƻŦ ǘƘŜ 

ƳŀƧƻǊƛǘȅ ƻŦ w./[ ƛƴ ǘƘƛǎ ƳǳǘŀƴǘΦ 9ŀŎƘ ƻŦ ǘƘŜ ŦǊŀŎǘƛƻƴǎ ŦǊƻƳ ǘƘŜ ǎǳŎǊƻǎŜ ƎǊŀŘƛŜƴǘ ǿŀǎ ǊŜǎƻƭǾŜŘ ƻƴ 

ǘƘŜ ƴƻƴ-ŘŜƴŀǘǳǊƛƴƎ ǇƻƭȅŀŎǊȅƭŀƳƛŘŜ ƎŜƭ ŀƴŘ w./[ ǿŀǎ ŘŜǘŜŎǘŜŘ ƛƴ ƛƳƳǳƴƻōƭƻǘ ŀƴŀƭȅǎƛǎΦ !ǎ 

ŜȄǇŜŎǘŜŘ ŦƻǊ ɲw./{Σ ǘƘŜǊŜ ǿŀǎ ƴƻ ōŀƴŘ ŘŜǘŜŎǘŀōƭŜ ǿƛǘƘ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘŜ wǳōƛǎŎƻ ƘƻƭƻŜƴȊȅƳŜ 

όŎΦŀΦ рсл ƪ5ŀύΦ ¢ƘŜ ƳƻƴƻƳŜǊ ƻŦ w./[ όрс ƪ5ŀύ ǿŀǎ ƴƻǘ ŘŜǘŜŎǘŜŘ ƻƴ ǘƘŜ ƎŜƭΣ ǇǊƻōŀōƭȅ ōŜŎŀǳǎŜ ƛǘ 

Ǌŀƴ ƻŦŦΦ ¢ƘŜǊŜ ǿŀǎ ŀ ōŀƴŘ ōŜǘǿŜŜƴ сс Y5ŀ ŀƴŘ мпл Y5ŀ ŦƻǳƴŘ ƛƴ ŦǊŀŎǘƛƻƴ м-о όCƛƎ нΦу .ύΦ ¢Ƙƛǎ 

ōŀƴŘ ǎƘƻǿŜŘ ǘƘŀǘ ǘƘŜǊŜ ƳƛƎƘǘ ōŜ ŀ ŎƻƳǇƭŜȄ ǿƛǘƘ w./[ ǇǊŜǎŜƴǘ ƛƴ ɲw./{Φ {ƻƳŜ w./[ ŘƛŘ ƴƻǘ 

ŜƴǘŜǊ ǘƘŜ ƎŜƭΣ ōŜŎŀǳǎŜ ƛǘ ƛǎ ƛƴ ŀ ǾŜǊȅ ƘƛƎƘ ƳƻƭŜŎǳƭŀǊ ǿŜƛƎƘǘ ŦƻǊƳΣ ǇǊƻōŀōƭȅ ŀƴ ƛƴǎƻƭǳōƭŜ 

ŀƎƎǊŜƎŀǘŜ όCƛƎ нΦу .ύΦ L ŀƭǎƻ ŘŜǘŜŎǘŜŘ ǘƘƛǎ млл Y5ŀ w./[ ōŀƴŘ ƛƴ ǎƛƳƛƭŀǊ ŀƴŀƭȅǎŜǎ ǳǎƛƴƎ ŀ ǿƛƭŘ-

ǘȅǇŜ ǎǘǊŀƛƴΤ ƛΦŜΦ ƛƴ ǘƻǇ ŦǊŀŎǘƛƻƴǎ ƻŦ ŀ ǇƻƭȅǎƻƳŜ ǇǊƻŦƛƭŜΣ ŀƭǘƘƻǳƎƘ Ƴƻǎǘ ƛƴǘŜƴǎƛǾŜ ǎƛƎƴŀƭ ƻŦ w./[ 

ǿŀǎ ŦƻǳƴŘ ƛƴ ǘƘŜ wǳōƛǎŎƻ ƘƻƭƻŜƴȊȅƳŜ ό{ǳǇǇƭŜƳŜƴǘŀƭ CƛƎ нΦн !ύΦ ¢Ƙƛǎ ōŀƴŘ ǿŀǎ ŀōǎŜƴǘ ƛƴ ǘƘŜ 

ɲǊōŎ[ ŎǊǳŘŜ ƭȅǎŀǘŜΣ ǿƘƛŎƘ ƳŜŀƴǎ ǘƘŀǘ ƛǘ ǿŀǎ ƴƻǘ ŘǳŜ ǘƻ ƴƻƴ-ǎǇŜŎƛŦƛŎ ŎǊƻǎǎ-ǊŜŀŎǘƛǾƛǘȅ ƻŦ ǘƘŜ 
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ŀƴǘƛōƻŘȅ ό{ǳǇǇƭŜƳŜƴǘŀƭ CƛƎ нΦн !ύΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜǊŜ ǿŜǊŜ ƻǘƘŜǊ ŎƻƳǇƭŜȄŜǎ ǿƛǘƘ w./[ ǎƛƎƴŀƭ ŀǘ 

ŘƛŦŦŜǊŜƴǘ ǎƛȊŜǎ ŘŜǘŜŎǘŜŘ ƛƴ ɲw./{ ƛƴ ƻƴƭȅ ƻƴŜ ǘǊƛŀƭ ό{ǳǇǇƭŜƳŜƴǘŀƭ CƛƎ нΦнύΦ ¢Ƙƛǎ ƳƛƎƘǘ ƳŜŀƴ 

ɲw./{ ŎƻǳƭŘ ƘŀǾŜ w./[ ŎƻƳǇƭŜȄŜǎ ǘƘŀǘ ŀǊŜ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǘƘŜ ƳƻƻƴƭƛƎƘǘƛƴƎ ŦǳƴŎǘƛƻƴ ƛƴ ǘƘŜ 

ŎƻƴǘǊƻƭ ƻŦ ƻȄƛŘƛȊŜŘ wb!Φ IƻǿŜǾŜǊΣ ǘƘŜǎŜ ŎƻƳǇƭŜȄŜǎ ŎƻǳƭŘ ōŜ ǾŜǊȅ ŘȅƴŀƳƛŎ ŀƴŘ ƘŀǊŘ ǘƻ ŘŜǘŜŎǘ ƛƴ 

ǾƛǘǊƻΣ ŜȄǇƭŀƛƴƛƴƎ ǘƘŜ ǇƻƻǊ ǊŜǇǊƻŘǳŎƛōƛƭƛǘȅΦ ¢ƘŜ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜǎŜ w./[ ŎƻƳǇƭŜȄŜǎ ǿŜǊŜ ǾŜǊȅ 

ƛƴǘǊƛƎǳƛƴƎ ŀƴŘ ǘƘŜȅ ƳƛƎƘǘ ǊŜǾŜŀƭ Ƙƻǿ w./[ ŎŀǊǊƛŜǎ ƻǳǘ ƛǘ ƳƻƻƴƭƛƎƘǘƛƴƎ ŦǳƴŎǘƛƻƴ ƛƴ ŎƻƴǘǊƻƭƭƛƴƎ ǘƘŜ 

ƭŜǾŜƭ ƻŦ ƻȄƛŘƛȊŜŘ wb!Φ  
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CƛƎǳǊŜ нΦу w./[ ŎƻƳǇƭŜȄ ǿŀǎ ŘŜǘŜŎǘŜŘ ƛƴ ɲw./{ ƻƴ ƴƻƴ-ŘŜƴŀǘǳǊŜŘ ƎŜƭΦ 

{ǳŎǊƻǎŜ ƎǊŀŘƛŜƴǘ ŦǊŀŎǘƛƻƴǎ ǊŜǎƻƭǾƛƴƎ ǊƛōƻǎƻƳŜǎ ŀƴŘ ǇƻƭȅǎƻƳŜǎ ƻŦ ɲw./{ ǿŜǊŜ ŀƴŀƭȅȊŜŘ ōȅ !ύ 

{5{-t!D9 ŀƴŘ .ύ ƴŀǘƛǾŜ t!D9Σ ƛƴ ǿƘƛŎƘ w./[ ǿŀǎ ŘŜǘŜŎǘŜŘ ōȅ ƛƳƳǳƴƻōƭƻǘǘƛƴƎΦ !ύ !ƭƭ ǘǿŜƭǾŜ 

ǎŀƳǇƭŜǎ ǿŜǊŜ ŜȄŀƳƛƴŜŘ ōȅ {5{-t!D9 ŀƴŘ ƛƳƳǳƴƻōƭƻǘ ŀƴŀƭȅǎƛǎ ǘƻ ǎƘƻǿ ǘƘŜ ƭƻŎŀǘƛƻƴ ƻŦ w./[Φ .ύ 

LƳƳǳƴƻōƭƻǘ ƻŦ ƴƻƴ-ŘŜƴŀǘǳǊŜŘ ƎŜƭ ƻŦ ŀƭƭ ǘƘŜ ǇƻƭȅǎƻƳŜ ŦǊŀŎǘƛƻƴǎ ŦǊƻƳ ɲw./{ ǎƘƻǿŜŘ ǘƘŜǊŜ ǿŀǎ 

ŀƴ w./[ ŎƻƳǇƭŜȄ ŀǊƻǳƴŘ млл Y5ŀ ƛƴ м-о ŦǊŀŎǘƛƻƴǎ ƻŦ ǇƻƭȅǎƻƳŜ ƛǎƻƭŀǘƛƻƴΦ Lƴ ŀŘŘƛǘƛƻƴΣ w./[ ǿŀǎ 

ŘŜǘŜŎǘŜŘ ŀǘ ǘƘŜ ǾŜǊȅ ǘƻǇ ƻŦ ƭŀƴŜǎ м-тΣ ǎǳƎƎŜǎǘƛƴƎ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŀƴ ŀƎƎǊŜƎŀǘŜŘ ŦƻǊƳΦ IƛƎƘ 

ƳƻƭŜŎǳƭŀǊ ǿŜƛƎƘǘ ƳŀǊƪŜǊ ǿŀǎ ǳǎŜŘ ǘƻ ŎŀƭŎǳƭŀǘŜ ŀǇǇǊƻȄƛƳŀǘŜ ǎƛȊŜ ƻŦ ǘƘŜ ŎƻƳǇƭŜȄΦ 
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нύ {ƛȊŜ-ŜȄŎƭǳǎƛƻƴ ŎƘǊƻƳŀǘƻƎǊŀǇƘȅ ŀƭǎƻ ǊŜǾŜŀƭŜŘ ǘƘƛǎ w./[ ŎƻƳǇƭŜȄ ƛƴ ɲw./{Φ  

    {ƛȊŜ-ŜȄŎƭǳǎƛƻƴ ŎƘǊƻƳŀǘƻƎǊŀǇƘȅ ƛǎ ŀƴƻǘƘŜǊ ƳŜǘƘƻŘ ǘƻ ǊŜǎƻƭǾŜ ŀƴŘ ŎƘŀǊŀŎǘŜǊƛȊŜ ŎƻƳǇƭŜȄŜǎ 

ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜƛǊ ŀǇǇǊƻȄƛƳŀǘŜ ǎƛȊŜ ώнмтϐΦ CƛǊǎǘΣ L ǳǎŜŘ ŀ {ǳǇŜǊŘŜȄ нлл ŎƻƭǳƳƴ ǘƻ ǎŜǇŀǊŀǘŜ ǘƘŜ 

w./[ ŎƻƳǇƭŜȄŜǎ ƛƴ ǘƘŜ ɲw./{ ƭȅǎŀǘŜ ŀǎ ŘŜǎŎǊƛōŜŘ ŦƻǊ ǇƻƭȅǎƻƳŜ ƛǎƻƭŀǘƛƻƴΦ !ƭƭ ǘƘŜ ƳŜƳōǊŀƴŜǎ 

ǿŜǊŜ ǎƻƭǳōƛƭƛȊŜŘ ǿƛǘƘ ŘŜƻȄȅŎƘƻƭŀǘŜΦ !ǎ ŀ ƴŜƎŀǘƛǾŜ ŎƻƴǘǊƻƭ ŦƻǊ ŎǊƻǎǎ-ǊŜŀŎǘƛǾƛǘȅ ƻŦ ǘƘŜ ŀƴǘƛōƻŘȅΣ 

ƭȅǎŀǘŜ ƻŦ ɲǊōŎ[ ǿŀǎ ŀƴŀƭȅȊŜŘ ƛƴ ǇŀǊŀƭƭŜƭ όŘŀǘŀ ƴƻǘ ǎƘƻǿƴύΦ L ŎƻƭƭŜŎǘŜŘ мт ŦǊŀŎǘƛƻƴǎ ŀƴŘ ŀǎǎŀȅŜŘ 

ǘƘŜƳ ŦƻǊ w./[ ǳǎƛƴƎ ƛƳƳǳƴƻōƭƻǘ ŀƴŀƭȅǎŜǎΦ w./[ ǿŀǎ ŘŜǘŜŎǘŜŘ ƛƴ CǊŀŎǘƛƻƴǎ с ŀƴŘ т ƻŦ ǘƘŜ ɲw./{ 

ƭȅǎŀǘŜ ŀƴŘ ƛǘ ǿŀǎ ƴƻǘ ŘŜǘŜŎǘŜŘ ƛƴ ŀƴȅ ƻŦ ǘƘŜ ŦǊŀŎǘƛƻƴǎ ŦǊƻƳ ɲǊōŎ[ όCƛƎ нΦф !ύΦ CǊŀŎǘƛƻƴǎ с ŀƴŘ т 

ŎƻǊǊŜǎǇƻƴŘ ǘƻ ǘƘŜ ƳƻƭŜŎǳƭŀǊ Ƴŀǎǎ ǊŀƴƎŜ ƻŦ ор-ппл Y5ŀ όCƛƎ нΦф !ύΦ ¢ƘŜ ƳƻƴƻƳŜǊ w./[ ƛǎ рр 

Y5ŀ ŀƴŘΣ ǘƘŜǊŜŦƻǊŜΣ ƛǘ ǎƘƻǳƭŘ ƘŀǾŜ ōŜŜƴ ƛƴ CǊŀŎǘƛƻƴ тΦ ¢ƘŜ ōŀƴŘ ŘŜǘŜŎǘŜŘ ƛƴ CǊŀŎǘƛƻƴ с ƛǎ 

ōŜǘǿŜŜƴ ст Y5ŀ ǘƻ ппл Y5ŀ ŎƻǳƭŘ Ŏƻƴǘŀƛƴ w./[ ŎƻƳǇƭŜȄŜǎΦ {ƛƴŎŜ ст Y5ŀ ǘƻ ппл Y5ŀ ƛǎ ŀ ǾŜǊȅ 

ǿƛŘŜ ǊŀƴƎŜΣ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘƛǎ ŎƻƳǇƭŜȄ ƛǎ ŘƛŦŦƛŎǳƭǘ ǘƻ ŘŜǘŜǊƳƛƴŜ ōŀǎŜŘ ƻƴ ǘƘŜǎŜ ǊŜǎǳƭǘǎΦ 

bŜǾŜǊǘƘŜƭŜǎǎΣ ǘƘŜ ǊŜǎǳƭǘǎ ŀǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ ŎƻƳǇƭŜȄ ŘŜǘŜŎǘŜŘ ōȅ ƴŀǘƛǾŜ ƎŜƭ ŜƭŜŎǘǊƻǇƘƻǊŜǎƛǎ 

όCƛƎ нΦу .ύΦ  

     L ǳǎŜŘ {ǳǇŜǊƻǎŜ мн ŎƻƭǳƳƴ ōŜŎŀǳǎŜ ƛǘ ǇǊƻǾƛŘŜǎ ōŜǘǘŜǊ ǊŜǎƻƭǳǘƛƻƴ ƛƴ ǘƘŜ ǎƛȊŜ ǊŀƴƎŜ ƻŦ ǘƘŜ 

w./[ ŎƻƳǇƭŜȄ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘŜ ƭŀǎǘ ǇŀǊŀƎǊŀǇƘΣ ƛΦŜΦ ƴŜŀǊ млл Y5ŀ όCƛƎ нΦф .ύΦ ¢ƘŜ ŦǊŀŎǘƛƻƴǎ ǿŜǊŜ 

ǎŜǇŀǊŀǘŜŘ ŀƴŘ ŎƻƭƭŜŎǘŜŘ ŀǎ ŘŜǎŎǊƛōŜŘ ŀōƻǾŜΦ w./[ ǿŀǎ ŀǎǎŀȅŜŘ ōȅ ƛƳƳǳƴƻōƭƻǘ ƛƴ ɲw./{ ŀƴŘ 

ƴŜƎŀǘƛǾŜ ŎƻƴǘǊƻƭ ǳǎŜŘ ƭȅǎŀǘŜ ŦǊƻƳ ɲǊōŎ[Φ L ŦƻǳƴŘ w./[ ƻƴƭȅ ƛƴ ŦǊŀŎǘƛƻƴ с ƻŦ ɲw./{ ŀƴŘΣ ŀƎŀƛƴΣ ƛǘ 

ǿŀǎ ǳƴŘŜǘŜŎǘŀōƭŜ ƛƴ ŀƭƭ ǘƘŜ ŦǊŀŎǘƛƻƴǎ ŦǊƻƳ ɲǊōŎ[Φ CǊŀŎǘƛƻƴ с ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ŀ ƳƻƭŜŎǳƭŀǊ ǿŜƛƎƘǘ 

ǊŀƴƎŜ ƻŦ ст ǘƻ мрл Y5ŀΦ ¢Ƙƛǎ ǊŜǎǳƭǘ ǎǳƎƎŜǎǘŜŘ ǘƘŀǘ w./[ ƛǎ ƛƴ ŀ ŎƻƳǇƭŜȄ ƻŦ ǘƘƛǎ ǎƛȊŜ ƛƴ ɲw./{Σ 

ǿƘƛŎƘ ƛǎ ƴƻǘ wǳōƛǎŎƻ ƘƻƭƻŜƴȊȅƳŜ ƻǊ ƳƻƴƻƳŜǊ ƛƴ ǘƘŜ ɲw./{Φ ¢ƘŜ ǎƛȊŜ ƻŦ ǘƘŜ ŎƻƳǇƭŜȄ ŀƭǎƻ 

ŎƻǊǊŜƭŀǘŜǎ ǿƛǘƘ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘŜ ōŀƴŘ ŘŜǘŜŎǘŜŘ ƻƴ ƴƻƴ-ŘŜƴŀǘǳǊƛƴƎ ƎŜƭ όCƛƎ нΦуύΦ Lǘ ǿŀǎ ƴƻǘ 
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ǎǳǊǇǊƛǎƛƴƎ ǘƻ ǎŜŜ ǘƘŀǘ ŀƭƭ ǘƘŜ w./[ ǿŀǎ ƛƴ ǘƘƛǎ ŎƻƳǇƭŜȄ ŦƻǊƳ ŀƴŘ ƴƻ ƳƻƴƻƳŜǊ w./[ όрс Y5ŀύ ǿŀǎ 

ŦƻǳƴŘΣ ǎƛƴŎŜ ŘƛŦŦŜǊŜƴǘƛŀƭ ŎŜƴǘǊƛŦǳƎŀǘƛƻƴ ǊŜǎǳƭǘ ƻŦ ɲw./{ ǎƘƻǿŜŘ ǘƘŀǘ ŀƭƭ w./[ ƛƴ ɲw./{ ǿŀǎ ƛƴ ŀ 

ǘǊƛǘƻƴ ƛƴǎƻƭǳōƭŜ ǇŜƭƭŜǘ όCƛƎǳǊŜ пΣ !ǇǇŜƴŘƛȄ LLύΦ ¢ƻ ǳƴŘŜǊǎǘŀƴŘ ƳƻǊŜ ŀōƻǳǘ ǘƘƛǎ w./[ ŎƻƳǇƭŜȄΣ ŀ 

ǇǊƻǘŜƻƳƛŎ ǊŜǎŜŀǊŎƘ ǎƘƻǳƭŘ ōŜ ǘŀƪŜƴ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊŜ ƛǘǎ ŎƻƳǇƻƴŜƴǘǎΦ 
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CƛƎǳǊŜ нΦф w./[ ǿŀǎ ƛŘŜƴǘƛŦƛŜŘ ƛƴ ŀ ŎƻƳǇƭŜȄ ƛƴ ɲw./{ ōȅ   ŎƘǊƻƳŀǘƻƎǊŀǇƘȅΦ  

¢ƻǘŀƭ ŎŜƭƭ ƭȅǎŀǘŜ ŦǊƻƳ ɲw./{ όϤр ƳƎύ ǿŀǎ ŦǊŀŎǘƛƻƴŀǘŜŘ ōȅ ƎŜƭ-ŦƛƭǘǊŀǘƛƻƴΦ ¢ǿƻ ŘƛŦŦŜǊŜƴǘ ŎƻƭǳƳƴǎ 

ǿŜǊŜ ǳǎŜŘΤ {ǳǇŜǊŘŜȄ нлл ό!ύ ŀƴŘ {ǳǇŜǊƻǎŜ мн ό.ύΦ CǊŀŎǘƛƻƴǎ м-мт ǿŜǊŜ ǎǳōƧŜŎǘŜŘ ǘƻ ƛƳƳǳƴƻōƭƻǘ 

ŀƴŀƭȅǎƛǎ ǘƻ ŘŜǘŜŎǘ ǘƘŜ ƭƻŎŀǘƛƻƴ ƻŦ ǘƘŜ w./[ ŎƻƳǇƭŜȄΦ ¢ƘŜ ǎƛȊŜ ƻǊ ƳŀǊƪŜǊ ǇǊƻǘŜƛƴǎ ƛǎ ǎƘƻǿƴ ƻƴ ǘƘŜ 

ǘƻǇ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ǘƘŜ ŦǊŀŎǘƛƻƴ ƴǳƳōŜǊǎ ŀǘ ǘƘŜ ōƻǘǘƻƳΦ  
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нΦп 5ƛǎŎǳǎǎƛƻƴ 

нΦпΦм w./[ Ƙŀǎ ŀ άƳƻƻƴƭƛƎƘǘƛƴƎέ ŦǳƴŎǘƛƻƴ ǿƘƛŎƘ ŎƻƴǘǊƻƭǎ ǘƘŜ ƭŜǾŜƭ ƻŦ ƻȄƛŘƛȊŜŘ wb! ƛƴ ǘƘŜ 

ŎƘƭƻǊƻǇƭŀǎǘΦ  

         aȅ ǊŜǎǳƭǘǎ ǎƘƻǿ ǘƘŀǘ w./[ ŎƻƴǘǊƻƭǎ ǘƘŜ ƭŜǾŜƭ ƻŦ ƻȄƛŘƛȊŜŘ wb! ƛƴ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ŀƴŘ 

Ƴŀƛƴǘŀƛƴǎ Ǿƛŀōƛƭƛǘȅ ŘǳǊƛƴƎ ŜȄǇƻǎǳǊŜ ǘƻ IнhнΦ ¢ƘŜǎŜ ŦǳƴŎǘƛƻƴǎ ŀǊŜ ƛƴŘŜǇŜƴŘŜƴǘ ƻŦ wǳōƛǎŎƻ ŀƴŘΣ 

ǘƘŜǊŜŦƻǊŜΣ ŎƻǳƭŘ ŜȄǇƭŀƛƴ ǘƘŜ ŜǾƻƭǳǘƛƻƴŀǊȅ ǊŜǘŜƴǘƛƻƴ ƻŦ w./[ ƛƴ Ǉƭŀƴǘ ŀƴŘ ŀƭƎŀƭ ƭƛƴŜŀƎŜǎ ǘƘŀǘ ƘŀǾŜ 

ƭƻǎǘ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ώнмуϐΦ ¢ƘŜ ǳƴŜȄǇŜŎǘŜŘ ɲw./{ ǇƘŜƴƻǘȅǇŜǎΤ Iнhн ƘȅǇŜǊǘƻƭŜǊŀƴŎŜ ŀƴŘ ƭƻǿ у-

ƻȄƻD wb! ƭŜǾŜƭΣ ǊŜƭŀǘƛǾŜ ǘƻ ǿƛƭŘ ǘȅǇŜΣ ǇǊƻōŀōƭȅ ǊŜŦƭŜŎǘ ŀƴ w./[ Ǝŀƛƴ-ƻŦ-ŦǳƴŎǘƛƻƴ ōŜŎŀǳǎŜ ǘƘŜȅ 

ŀǊŜ w./[-ŘŜǇŜƴŘŜƴǘΦ ¢ƘŜǎŜ ǇƘŜƴƻǘȅǇŜǎ ŎƻǳƭŘ ǊŜǎǳƭǘ ŦǊƻƳ ŜƴƘŀƴŎŜŘ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ w./[ ŦƻǊ ƛǘǎ 

wb! ƳƻƻƴƭƛƎƘǘƛƴƎ ŦǳƴŎǘƛƻƴ ǿƘŜƴ ƛǘ ƛǎ ƴƻǘ ǎŜǉǳŜǎǘŜǊŜŘ ōȅ w./{ ŦƻǊ ŀǎǎŜƳōƭȅ ƻŦ ǘƘŜ wǳōƛǎŎƻ 

ƘƻƭƻŜƴȊȅƳŜΦ w./[ ŀǇǇŜŀǊǎ ǘƻ ōŜ ŀ ǇŀǊǘƛŎǳƭŀǊƭȅ ŎǊƛǘƛŎŀƭ ŦŀŎǘƻǊ ƛƴ ǘƘŜ ŎƻƴǘǊƻƭ ƻŦ ƻȄƛŘƛȊŜŘ wb! ƛƴ 

ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ŀƴŘ ƛƴ Iнhн ǘƻƭŜǊŀƴŎŜ ōŜŎŀǳǎŜΣ ƛŦ ŀƴȅ ƻǘƘŜǊ ŦŀŎǘƻǊ ǿŜǊŜ ƳƻǊŜ ƛƳǇƻǊǘŀƴǘ ǘƘŀƴ 

w./[Σ ǘƘŜƴ ǘƘŜ w./[ ƛƴ ɲw./{ ǿƻǳƭŘ ƴƻǘ ōŜ ŀōƭŜ ǘƻ ǎǳǊǇŀǎǎ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ǇƘŜƴƻǘȅǇŜǎ ŦƻǊ ǘƘŜǎŜ 

ǘǊŀƛǘǎΦ  

w./[ ƛǎ ƛƴ ŀ ƎǊƻǿƛƴƎ Ŏƭŀǎǎ ƻŦ ƳŜǘŀōƻƭƛŎ ǇǊƻǘŜƛƴǎ ǘƘŀǘ ƘŀǾŜ Řǳŀƭ ŦǳƴŎǘƛƻƴǎ ŀǎ wb!-ōƛƴŘƛƴƎ 

ǇǊƻǘŜƛƴǎ ώрпϐΦ ¢ƘŜǎŜ ǇǊƻǘŜƛƴǎ ƘŀǾŜ ōŜŜƴ ǇǊƻǇƻǎŜŘ ǘƻ ŎƻƻǊŘƛƴŀǘŜ ƳŜǘŀōƻƭƛǎƳ ŀƴŘ ƎŜƴŜ 

ŜȄǇǊŜǎǎƛƻƴ ŀƴŘ ǘƻ ŜƴƘŀƴŎŜ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭ ŘƛǾŜǊǎƛǘȅ ƻŦ ǇǊƻǘŜƻƳŜǎ ώнмфϐΦ hƴƭȅ ŀ ŦŜǿ ƻŦ ǘƘŜǎŜ Řǳŀƭ 

ŦǳƴŎǘƛƻƴŀƭ ǇǊƻǘŜƛƴǎ ƘŀǾŜ ōŜŜƴ ŘŜƳƻƴǎǘǊŀǘŜŘ ƛƴ ǾƛǾƻΣ ŀǎ ǿŜ ƘŀǾŜ ŘƻƴŜ ƘŜǊŜ ŦƻǊ w./[ ǿƛǘƘ ǊŜǎǳƭǘǎ 

ƻŦ ƎŜƴŜǘƛŎ ŀƴŘ ƛƴ ǎƛǘǳ ŀƴŀƭȅǎŜǎΦ w./[ ƛǎ ŀǘȅǇƛŎŀƭ ŀƳƻƴƎ ǘƘŜǎŜ ƳŜǘŀōƻƭƛŎ ǇǊƻǘŜƛƴǎ ōŜŎŀǳǎŜ ƛǘǎ Řǳŀƭ 

ŦǳƴŎǘƛƻƴ ƛƴǾƻƭǾŜǎ ǘƘŜ ŎƻƴǘǊƻƭ ƻŦ ƻȄƛŘƛȊŜŘ wb!Φ 

нΦпΦн ¢ƘŜ άƳƻƻƴƭƛƎƘǘƛƴƎέ ŦǳƴŎǘƛƻƴ ƻŦ w./[ ƛǎ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ǎǘǊŜǎǎΦ 

¢ƘŜ wb! άƳƻƻƴƭƛƎƘǘƛƴƎέ ŦǳƴŎǘƛƻƴ ƻŦ w./[ ƛǎ ŎƭŜŀǊƭȅ ŀŎǘƛǾŜ ǳƴŘŜǊ ǇƘȅǎƛƻƭƻƎƛŎŀƭ 
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ŎƻƴŘƛǘƛƻƴǎΦ wb! ƻȄƛŘŀǘƛƻƴ ƛǎ ōŜƭƛŜǾŜŘ ǘƻ ōŜ ŘŜǘǊƛƳŜƴǘŀƭ ōŜŎŀǳǎŜ ǘƘŜ ǘǊŀƴǎƭŀǘƛƻƴ ƻŦ ƻȄƛŘƛȊŜŘ 

Ƴwb!ǎ ǊŜǎǳƭǘǎ ƛƴ ǘƘŜ ǎȅƴǘƘŜǎƛǎ ƻŦ ŀōŜǊǊŀƴǘ ǇǊƻǘŜƛƴǎ ώннлΣ ннмϐΦ IƻǿŜǾŜǊΣ ǳƴŘŜǊ ŀ ŎŜǊǘŀƛƴ ƭŜǾŜƭΣ 

ƻȄƛŘƛȊŜŘ wb! ƛƴ ŎŜƭƭǎ ƳƛƎƘǘ ƴƻǘ ŀŦŦŜŎǘ ŎŜƭƭ Ǿƛŀōƛƭƛǘȅ ώмррϐΦ ¢Ƙƛǎ ŎƻǳƭŘ ŜȄǇƭŀƛƴ ƻǳǊ ŦƛƴŘƛƴƎ ǘƘŀǘ 

ɲǊōŎ[ Ƙŀǎ ŀƴ ŜƭŜǾŀǘŜŘ ƭŜǾŜƭ ƻŦ ƻȄƛŘƛȊŜŘ wb! ŀƴŘ ȅŜǘ ŀ ǿƛƭŘ-ǘȅǇŜ ƎǊƻǿǘƘ ǊŀǘŜ όCƛƎ нΦн !Σ {ǳǇ CƛƎ 

нΦм !ύΦ tŜǊƘŀǇǎ ǘƘŜ ƭŜǾŜƭ ƻŦ ƻȄƛŘƛȊŜŘ wb! ƛƴ ɲǊōŎ[ ƛǎ ƻƴƭȅ ƳŀǊƎƛƴŀƭƭȅ ŘŜǘǊƛƳŜƴǘŀƭ ŀƴŘ ŘƻŜǎ ƴƻǘ 

ŀŦŦŜŎǘ ƎǊƻǿǘƘ ǳƴŘŜǊ ǘƘŜ ƻǇǘƛƳŀƭ ŎƻƴŘƛǘƛƻƴǎΣ ƻǊ ǘƘŜ ƻȄƛŘƛȊŜŘ wb! ƛǎ ƴƻǘ ǊŜƭŀǘŜŘ ǘƻ ŎŜƭƭ ǎǳǊǾƛǾŀƭΣ 

ŦƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ wb! ǿƘƛŎƘ ŜƴŎƻŘŜǎ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ǇǊƻǘŜƛƴΦ !ƭǘŜǊƴŀǘƛǾŜƭȅΣ ƻȄƛŘƛȊŜŘ wb! ƛƴ ǘƘŜ 

ŎƘƭƻǊƻǇƭŀǎǘ ƳƛƎƘǘ ƻƴƭȅ ōŜ ŘŜǘǊƛƳŜƴǘŀƭ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ IнhнΣ ŦƻǊ ŜȄŀƳǇƭŜ ǳƴŘŜǊ ǘƘŜ 

ŎƻƴŘƛǘƛƻƴǎ ƻŦ ǘƘŜ ŎŜƭƭ ǎǳǊǾƛǾŀƭ ŜȄǇŜǊƛƳŜƴǘǎ ƛƴ CƛƎ нΦм ƻǊ ǿƘŜƴ ǘƘƛǎ wh{ ƛǎ ǇǊƻŘǳŎŜŘ ōȅ 

ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ǳƴŘŜǊ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŎƻƴŘƛǘƛƻƴǎΦ ¢ƻ ŜȄǇƭŀƛƴ Ƙƻǿ ƻȄƛŘƛȊŜŘ wb! ŎƻǳƭŘ ōŜ 

ŘŜǘǊƛƳŜƴǘŀƭ ƻƴƭȅ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ IнhнΣ L Ŏŀƴ ǇǊƻǇƻǎŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƘȅǇƻǘƘŜǎƛǎΦ CƛǊǎǘ ƻŦ ŀƭƭΣ 

ƻȄƛŘƛȊŜŘ ōŀǎŜǎ ƛƴ ŎŜǊǘŀƛƴ ŎƘƭƻǊƻǇƭŀǎǘ Ƴwb!ǎ ŎƻǳƭŘ ǊŜǎǳƭǘ ƛƴ ǘƘŜ ǎȅƴǘƘŜǎƛǎ ƻŦ ŀōŜǊǊŀƴǘ ƛǊƻƴ-

ōƛƴŘƛƴƎ ǇǊƻǘŜƛƴǎ ǿƛǘƘ CŜƴǘƻƴ ŀŎǘƛǾƛǘȅΤ ƛΦŜΦ ǘƘŜ ƳŜǘŀƭ-ŎŀǘŀƭȅȊŜŘ ŎƻƴǾŜǊǎƛƻƴ ƻŦ Iнhн ǘƻ ǘƘŜ ƘƛƎƘƭȅ 

ǘƻȄƛŎ ƘȅŘǊƻȄȅƭ ǊŀŘƛŎŀƭΣ ǘƘŜǊŜōȅ ǇƻǘŜƴǘƛŀǘƛƴƎ Iнhн ǘƻȄƛŎƛǘȅ ώмотϐΦ  

Lƴ ŀ ǎŜŎƻƴŘ ƘȅǇƻǘƘŜǎƛǎΣ w./[ ŀƴŘ wb! ƻȄƛŘŀǘƛƻƴ ŎƻǳƭŘ ƘŀǾŜ ŀ ǊŜƎǳƭŀǘƻǊȅ ŦǳƴŎǘƛƻƴΦ CƻǊ 

ŜȄŀƳǇƭŜΣ ǘƘŜ ǘŀǊƎŜǘŜŘ ƻȄƛŘŀǘƛƻƴ ƻŦ ŀ ǎǇŜŎƛŦƛŎ wb! ƳƛƎƘǘ ōŜ ŀ ǎƛƎƴŀƭ ƛƴ ŀ ǇǊƻŎŜǎǎ ǘƘŀǘ ǊŜƎǳƭŀǘŜǎ ŀ 

ōƛƻƭƻƎƛŎŀƭ ǊŜǎǇƻƴǎŜΣ ǎǳŎƘ ŀǎ ŎŜƭƭ ǎǳǊǾƛǾŀƭ ƻǊ ǇǊƻƎǊŀƳƳŜŘ ŎŜƭƭ ŘŜŀǘƘ ŘǳǊƛƴƎ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎΦ ¢Ƙƛǎ 

ƛǎ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ƻǳǊ ŦƛƴŘƛƴƎ ǘƘŀǘ ǘƘŜ ɲǊōŎ[ ŀƴŘ ɲw./{ ǇƘŜƴƻǘȅǇŜǎ ŦƻǊ Iнhн ǘƻƭŜǊŀƴŎŜ ŀƴŘ у-

ƻȄƻD wb! ƭŜǾŜƭ ŀǊŜ ŀǘ ƻǇǇƻǎƛǘŜ ŜȄǘǊŜƳŜǎ ƻŦ ǿƛƭŘ-ǘȅǇŜΣ ƛΦŜΦ ǘƘŜȅ ŎƻǳƭŘ ǊŜŦƭŜŎǘ ǘƘŜ ŀƭǘŜǊƴŀǘŜ ǎǘŀǘŜǎ 

ƻŦ ŀ ǊŜƎǳƭŀǘƻǊȅ ŘŜŎƛǎƛƻƴ ƛƴǾƻƭǾƛƴƎ w./[ ŀƴŘ wb! ƻȄƛŘŀǘƛƻƴΦ  

нΦпΦо ¢ƘŜ ŎƻƳǇŀǊǘƳŜƴǘŀƭƛȊŀǘƛƻƴ ƻŦ у-ƻȄƻD ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘ Ƴŀȅ ƻǇŜƴ ƴŜǿ ŀǾŜƴǳŜǎ ǘƻ wb! 

ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭΦ 
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L ǎƘƻǿ ǘƘŀǘ ƻȄƛŘƛȊŜŘ wb! ƛǎ ŎƻƳǇŀǊǘƳŜƴǘŀƭƛȊŜŘ ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘ ƻŦ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘΦ hǳǊ 

ŎƻƭƭŀōƻǊŀǘƻǊǎ ŀƭǎƻ ǎƘƻǿŜŘ ǘƘŀǘ ǘƘŜ ƻȄƛŘƛȊŜŘ wb! ƭƻŎŀƭƛȊŜŘ ƛƴ IŜƭŀ ŎŜƭƭǎ ό½Ƙŀƴ Ŝǘ ŀƭΦ ǎǳōƳƛǘǘŜŘΣ 

CƛƎ нΣ !ǇǇŜƴŘƛȄ LL ǿƛǘƘ ƳŀƴǳǎŎǊƛǇǘύΦ ¢ƘŜǎŜ ŎƻƳǇŀǊǘƳŜƴǘǎ ƛƴ IŜƭŀ ŎŜƭƭǎ ŀǊŜ ƴŜƛǘƘŜǊ ǎǘǊŜǎǎ 

ƎǊŀƴǳƭŜǎ ƴƻǊ ǇǊƻŎŜǎǎƛƴƎ ōƻŘƛŜǎΣ ŀƭǘƘƻǳƎƘ ǘƘŜȅ ƳƛƎƘǘ ōŜ ŀƴŀƭƻƎƻǳǎ ǘƻ ¦±-ƛƴŘǳŎŜŘ wb! ƎǊŀƴǳƭŜǎ 

ƛƴ ȅŜŀǎǘ ώнннϐΦ ¢ƘŜ ŎƻƳǇŀǊǘƳŜƴǘŀƭƛȊŀǘƛƻƴ ƻŦ ƻȄƛŘƛȊŜŘ wb! ƛƴ ǘƘŜ ǇƘȅƭƻƎŜƴŜǘƛŎŀƭƭȅ Řƛǎǘŀƴǘ 

ǎȅǎǘŜƳǎ ǎǘǳŘƛŜŘ ƘŜǊŜΣ ŀƴ ŀƭƎŀƭ ŎƘƭƻǊƻǇƭŀǎǘ ŀƴŘ ƳŀƳƳŀƭƛŀƴ ŎŜƭƭǎΣ ǎǳƎƎŜǎǘǎ ƛǘ Ƙŀǎ ŦǳƴŘŀƳŜƴǘŀƭ 

ǎƛƎƴƛŦƛŎŀƴŎŜΦ LƴŘŜŜŘΣ ŎƻƳǇŀǊǘƳŜƴǘŀƭƛȊŀǘƛƻƴ ƻŦ 5b! ŀƴŘ ǇǊƻǘŜƛƴ ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭ ƛǎ ƻŎŎǳǊǊƛƴƎ ŀƴŘ 

ƛǘ Ƙŀǎ ōŜŜƴ ǇǊƻǇƻǎŜŘ ǊŜŎŜƴǘƭȅ ŦƻǊ wb! ώнно-ннрϐΦ ¢ƘŜ ǎŜǉǳŜǎǘǊŀǘƛƻƴ ƻŦ ŘŀƳŀƎŜŘ ƳƻƭŜŎǳƭŜǎ 

ǇǊŜǾŜƴǘǎ ǘƘŜƳ ŦǊƻƳ ƛƴǘŜǊŦŜǊƛƴƎ ǿƛǘƘ ǘƘŜ ǇǊƻŎŜǎǎŜǎ ƛƴ ǿƘƛŎƘ ǘƘŜȅ ƴƻǊƳŀƭƭȅ ŦǳƴŎǘƛƻƴΦ 

/ƻƳǇŀǊǘƳŜƴǘŀƭƛȊŀǘƛƻƴ ƻŦ ŘŜŦŜŎǘƛǾŜ ƳƻƭŜŎǳƭŜǎ ŎƻǳƭŘ ŀƭǎƻ ǇǊŜǾŜƴǘ ǘƘŜ ŘŜƎǊŀŘŀǘƛƻƴ ƻǊ ŀǘǘŜƳǇǘŜŘ 

ǊŜǇŀƛǊ ƻŦ ǳƴŘŀƳŀƎŜŘ ǎǳōǎǘǊŀǘŜǎΦ Lƴ ŀŘŘƛǘƛƻƴΣ ŎƻƳǇŀǊǘƳŜƴǘŀƭƛȊŀǘƛƻƴ ƳƛƎƘǘ ŜƴƘŀƴŎŜ ƭƻŎŀƭ 

ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ ŘŀƳŀƎŜŘ ƳƻƭŜŎǳƭŜǎ ŀƴŘ ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭ ŦŀŎǘƻǊǎ ǘƻ ŜǎǘŀōƭƛǎƘ ǘƘŜǊƳƻŘȅƴŀƳƛŎ 

ǇŀǊŀƳŜǘŜǊǎ ǘƘŀǘ ŦŀǾƻǊ wb! ǊŜǇŀƛǊ ƻǊ ŘŜƎǊŀŘŀǘƛƻƴΦ aȅ ǊŜǎǳƭǘǎ ƻǇŜƴ ŀǾŜƴǳŜǎ ǘƻ ǎǘǳŘȅ ŀ ƴŜǿ ǘȅǇŜ 

ƻŦ wb! ƎǊŀƴǳƭŜΣ ŀ ǇƻǘŜƴǘƛŀƭ ǊƻƭŜ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ ƛƴ wb! ƳŜǘŀōƻƭƛǎƳΣ ŀƴŘ ǘƘŜ ŦŀŎǘƻǊǎ ŀƴŘ 

ƳŜŎƘŀƴƛǎƳǎ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ ƘŀƴŘƭƛƴƎ ƻŦ ƻȄƛŘƛȊŜŘ wb! ƛƴ ŎƘƭƻǊƻǇƭŀǎǘǎΦ  

        aȅ ŦƛƴŘƛƴƎǎ ŀƭǎƻ ƘŀǾŜ ǇƻǘŜƴǘƛŀƭ ǊŜƭŜǾŀƴŎŜ ǘƻ ŎȅǘƻǇƭŀǎƳƛŎ ǎǘǊŜǎǎ ƎǊŀƴǳƭŜǎ ŀƴŘ ǇǊƻŎŜǎǎƛƴƎ 

ōƻŘƛŜǎΦ ¢ƘŜǎŜ wb! ƎǊŀƴǳƭŜǎ ƘŀǾŜ ōŜŜƴ ƛƳǇƭƛŎŀǘŜŘ ƛƴ ŦǳƴŘŀƳŜƴǘŀƭ ŎŜƭƭ ōƛƻƭƻƎƛŎŀƭ ǇǊƻŎŜǎǎŜǎ ōǳǘ 

ǘƘŜƛǊ ŦǳƴŎǘƛƻƴǎ ŀƴŘ ǇƘȅǎƛƻŎƘŜƳƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎ ŀǊŜ ƻƴƭȅ ǇŀǊǘƛŀƭƭȅ ǳƴŘŜǊǎǘƻƻŘΦ hǳǊ ǊŜǎǳƭǘǎ ǎǘǊƻƴƎƭȅ 

ǎǳƎƎŜǎǘ ǘƘŀǘ w./[ ŎŀǊǊƛŜǎ ƻǳǘ ƛǘǎ wb! ƳƻƻƴƭƛƎƘǘƛƴƎ ŦǳƴŎǘƛƻƴ мύ ƛƴŘŜǇŜƴŘŜƴǘƭȅ ƻŦ ŎƘƭƻǊƻǇƭŀǎǘ 

ǎǘǊŜǎǎ ƎǊŀƴǳƭŜǎ ŀƴŘ нύ ŎƻƴǎǘƛǘǳǘƛǾŜƭȅ όƛΦŜΦ ǳƴŘŜǊ ōƻǘƘ ƴƻƴ-ǎǘǊŜǎǎ ŀƴŘ ǎǘǊŜǎǎ ŎƻƴŘƛǘƛƻƴǎύΣ ǘƘŜǊŜōȅ 

ǊŀƛǎƛƴƎ ǘƘŜ ǉǳŜǎǘƛƻƴ ƻŦ ǿƘŜǘƘŜǊ ƻǊ ƴƻǘ ŎȅǘƻǇƭŀǎƳƛŎ ǎǘǊŜǎǎ ƎǊŀƴǳƭŜǎ ŀƴŘ ǇǊƻŎŜǎǎƛƴƎ ōƻŘƛŜǎ 

ŦǳƴŎǘƛƻƴ ŀǎ ǎǳōƳƛŎǊƻǎŎƻǇƛŎ wbt ŀǎǎŜƳōƭƛŜǎ ǳƴŘŜǊ ƴƻƴ-ǎǘǊŜǎǎ ŎƻƴŘƛǘƛƻƴǎΦ 
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нΦпΦп Iƻǿ w./[ ƳƛǘƛƎŀǘŜǎ wb! ƻȄƛŘŀǘƛƻƴ ǊŜƳŀƛƴǎ ǘƻ ōŜ ŘŜǘŜǊƳƛƴŜŘΦ 

²Ŝ ƘŀǾŜ ǎƘƻǿƴ ǘƘŀǘ w./[ ƳƛǘƛƎŀǘŜǎ wb! ƻȄƛŘŀǘƛƻƴ ŀƴŘ у-ƻȄƻD wb! ƛǎ ƭƻŎŀƭƛȊŜŘ ƛƴ ǘƘŜ 

ǇȅǊŜƴƻƛŘΣ ǘƘŜ ƳŀƧƻǊ ǊŜǎŜǊǾƻƛǊ ƻŦ w./[ ƛƴ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴΦ IƻǿŜǾŜǊΣ ǿŜ Řƻ ƴƻǘ ƪƴƻǿ ǘƘŜ 

ƳŜŎƘŀƴƛǎƳ ōȅ ǿƘƛŎƘ w./[ ŎŀǊǊƛŜǎ ƻǳǘ ǘƘƛǎ ŦǳƴŎǘƛƻƴΦ L ƘŀǾŜ ǘƘǊŜŜ ƘȅǇƻǘƘŜǎŜǎ ŦƻǊ Ƙƻǿ w./[ 

ƳƛǘƛƎŀǘŜǎ wb! ƻȄƛŘŀǘƛƻƴΦ ¢ƘŜ ŦƛǊǎǘ ƻƴŜ ƛǎ ǘƘŀǘ w./[ ǇǊƻǘŜŎǘǎ wb! ŦǊƻƳ ƻȄƛŘŀǘƛƻƴΦ w./[ Ŏŀƴ ōƛƴŘ 

ǿƛǘƘ ƴƻƴ-ǎǇŜŎƛŦƛŎ wb! ǘƻ ŦƻǊƳ ŎǇ{Dǎ ώоуϐ ŀƴŘ L ǎƘƻǿŜŘ ǇǊŜǾƛƻǳǎƭȅ ǘƘŀǘ ǇǊŜǎŜǊǾŀǘƛƻƴ ƻŦ ŎǇ{Dǎ 

ŎƻǳƭŘ ǊŜŘǳŎŜ ǘƘŜ wb! ƻȄƛŘŀǘƛƻƴ ƭŜǾŜƭ όCƛƎ нΦпύΦ Lƴ ŀŘŘƛǘƛƻƴΣ LC ǊŜǎǳƭǘ ŀƭǎƻ ǎƘƻǿŜŘ ǘƘŀǘ у-ƻȄƻD 

wb! ŘƛŘ ƴƻǘ ƭƻŎŀƭƛȊŜ ƛƴ ǘƘŜ ŎǇ{Dǎ όCƛƎ нΦсύΦ ¢Ƙŀǘ ǊŜǾŜŀƭǎ ǘƘŀǘ ǘƘŜ Ƴwb! ƛƴ ǘƘŜ ŎǇ{Dǎ Ƴŀȅ ƴƻǘ ōŜ 

ƻȄƛŘƛȊŜŘ ŀƴŘ Ƙŀǎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǘƻ Ǝƻ ōŀŎƪ ǘƻ ǘƘŜ ǘǊŀƴǎƭŀǘƛƻƴŀƭ Ǉƻƻƭ ŀǎ ǘƘƻǎŜ ƛƴ ŎȅǘƻǇƭŀǎƳƛŎ {Dǎ 

ώннсϐΦ ¢ƘǳǎΣ w./[ ƛƴ ǘƘŜ ŎǇ{Dǎ Ƴŀȅ ǇǊƻǘŜŎǘ ǘƘŜ ƴƻƴ-ƻȄƛŘƛȊŜŘ wb! ŦǊƻƳ ƻȄƛŘŀǘƛǾŜ ŘŀƳŀƎŜ ǘƻ 

ǊŜŘǳŎŜ ǘƘŜ wb! ƻȄƛŘŀǘƛƻƴ ƭŜǾŜƭΦ  

¢ƘŜ ǎŜŎƻƴŘ ƘȅǇƻǘƘŜǎƛǎ ƛǎ ǘƘŀǘ w./[ ŘŜƎǊŀŘŜǎ ƻȄƛŘƛȊŜŘ wb! ǘƻ ƳƛǘƛƎŀǘŜ wb! ƻȄƛŘŀǘƛƻƴΦ ¢ƻ 

ǾŜǊƛŦȅ ǘƘƛǎ ƘȅǇƻǘƘŜǎƛǎΣ L ƴŜŜŘ ǘƻ ƪƴƻǿ ƛŦ ǘƘŜǊŜ ƛǎ ŀƴ wb! ŘŜƎǊŀŘŀǘƛƻƴ ƳŀŎƘƛƴŜǊȅ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ 

w./[ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎΦ ¢ƘŜ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ w./[-уƻȄƻD wb! ŎƻƳǇƭŜȄ ƳƛƎƘǘ ƎƛǾŜ ŀ ōŜǘǘŜǊ 

ƛŘŜŀΦ Lƴ ƳŀƳƳŀƭƛŀƴ ŎŜƭƭǎΣ t.ǎ ŀǊŜ Ƴŀƛƴ ǇƭŀŎŜ ŦƻǊ wb! ŘŜƎǊŀŘŀǘƛƻƴΣ ōǳǘ ƻǳǊ ŎƻƭƭŀōƻǊŀǘƻǊ 5ǊΦ 

wŀŎƘƛŘ aŀȊƻǳǊƛ ŀƴŘ Ƙƛǎ ƎǊƻǳǇ ŘƛŘ ƴƻǘ ŘŜǘŜŎǘ ǘƘŜ Ŏƻ-ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ у-ƻȄƻD wb! ŀƴŘ ƳŀǊƪŜǊǎ ŦƻǊ 

t.ǎ ƛƴ IŜƭŀ ŎŜƭƭǎ όtƻǳƭƛƴŜ !ŘƧƛōŀŘŜΩǎ ǳƴǇǳōƭƛǎƘŜŘ ŘŀǘŀύΦ ¢ƘǳǎΣ у-ƻȄƻD ŎƻƴǘŀƛƴƛƴƎ wb!ǎ Ƴŀȅ ƘŀǾŜ 

ŀ ŘƛŦŦŜǊŜƴǘ ŘŜƎǊŀŘŀǘƛƻƴ ƳŜŎƘŀƴƛǎƳ ƛƴ IŜƭŀ ŎŜƭƭǎΦ  

Lƴ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ŘŜƎǊŀŘŀǘƛƻƴΣ ǘƘŜ ƻȄƛŘƛȊŜŘ wb! Ƴŀȅ ŀƭǎƻ ōŜ ǊŜǇŀƛǊŜŘ ōȅ w./[-wbt ŀƴŘ 

ǊŜ-ŜƴǘŜǊ ǘƘŜ ǘǊŀƴǎƭŀǘƛƻƴ ǇƻƻƭΦ ¢Ƙƛǎ ǊŜǇŀƛǊ ƳŜŎƘŀƴƛǎƳ ƛǎ Ƴȅ ǘƘƛǊŘ ƘȅǇƻǘƘŜǎƛǎΦ ²Ŝ Řƻ ƴƻǘ ƪƴƻǿ 

ƳǳŎƘ ŀōƻǳǘ wb! ǊŜǇŀƛǊ ƳŜŎƘŀƴƛǎƳǎ ŀƴŘ ǘƘŜ ŘŜǘŜŎǘƛƻƴ ƻŦ ƻǘƘŜǊ ŎƻƳǇƻƴŜƴǘǎ ōƛƴŘƛƴƎ ǿƛǘƘ w./[ 

ŀƴŘ у-ƻȄƻD wb! ƛƴ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘǎ Ƴŀȅ ǊŜǾŜŀƭ ŀ ƴŜǿ ƳŜŎƘŀƴƛǎƳ ƻŦ wb! ǊŜǇŀƛǊ ƳŜŎƘŀƴƛǎƳΦ 
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нΦпΦрΦ ²Ƙŀǘ ŀǊŜ ǘƘŜ ǇƻǎǎƛōƭŜ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜ w./[ ŎƻƳǇƭŜȄ ƛƴ ɲw./{Κ 

        w./[ ǿŀǎ ŘŜǘŜŎǘŜŘ ƛƴ ǘǿƻ ŦƻǊƳǎ ƛƴ ǘƘŜ ƭȅǎŀǘŜ ƻŦ ɲw./{Σ ŀǎ ŀ ŎƻƳǇƭŜȄ ƛƴ ǘƘŜ ǎƛȊŜ ǊŀƴƎŜ 

ōŜǘǿŜŜƴ сс Y5ŀ ŀƴŘ мрл Y5ŀ ŀƴŘ ŀǎ ǾŜǊȅ ƘƛƎƘ ƳƻƭŜŎǳƭŀǊ ǿŜƛƎƘǘ ŦƻǊƳ ǿƘƛŎƘ ŘƛŘ ƴƻǘ ŜƴǘŜǊ ǘƘŜ 

ƴŀǘƛǾŜ ƎŜƭ όCƛƎ нΦу .ύΦ ¢ƘŜ ƭŀǊƎŜǊ ŦƻǊƳ ǿŀǎ ƴƻǘ ŘŜǘŜŎǘŜŘ ƛƴ ǘƘŜ ŦǊŀŎǘƛƻƴǎ ƻŦ ǎƛȊŜ-ŜȄŎƭǳǎƛƻƴ 

ŎƘǊƻƳŀǘƻƎǊŀǇƘȅΣ ǇǊƻōŀōƭȅ ōŜŎŀǳǎŜ ƛǘ ƛǎ ŀōƻǾŜ ǘƘŜ ƳƻƭŜŎǳƭŀǊ Ƴŀǎǎ ǘƘŀǘ Ŏŀƴ ŜƴǘŜǊ ǘƘŜǎŜ 

ŎƻƭǳƳƴǎΦ ¢ƘŜ ǎƳŀƭƭŜǊ ŎƻƳǇƭŜȄ ŎƻǳƭŘ ōŜ ǘƘŜ ŘƛƳŜǊ ƻŦ w./[Φ Lǘ ƛǎ ƪƴƻǿƴ ǘƘŀǘ w./[ ŦƻǊƳǎ ŀ ŘƛƳŜǊ 

ǿƘŜƴ ƛǘ ŀǎǎŜƳōƭŜǎ ǿƛǘƘ w./{ ǘƻ ŦǊƻƳ ǘƘŜ ƻŎǘŀƳŜǊƛŎ wǳōƛǎŎƻ ƘƻƭƻŜƴȊȅƳŜ ώннтϐΦ ¢ƘŜ ǎƛȊŜ ƻŦ ǘƘŜ 

w./[ ŘƛƳŜǊ ƛǎ ŀōƻǳǘ ммл Y5ŀΣ ǿƘƛŎƘ ƛǎ ƛƴ ǘƘŜ ǊŀƴƎŜ ƻŦ ст Y5ŀ ǘƻ мрл Y5ŀΦ w./[ Ŏŀƴƴƻǘ ŦƻǊƳ 

wǳōƛǎŎƻ ƛƴ ɲw./{ ŘǳŜ ǘƻ ǘƘŜ ƭŀŎƪ ƻŦ ƛǘǎ ǇŀǊǘƴŜǊ ǇǊƻǘŜƛƴΣ w./{Φ IƻǿŜǾŜǊΣ w./[ Ƴŀȅ ƪŜŜǇ ǘƘŜ 

ŀōƛƭƛǘȅ ǘƻ ŦƻǊƳ ǘƘŜ ŘƛƳŜǊΦ 

        !ƭǘŜǊƴŀǘƛǾŜƭȅΣ ǘƘƛǎ ст-мрл Y5ŀ ŎƻƳǇƭŜȄ ǿƛǘƘ w./[ ƳƛƎƘǘ ƴƻǘ ōŜ ŀ ŘƛƳŜǊΣ ōǳǘ ǊŀǘƘŜǊ ōŜ ŀ 

ŎƻƳǇƭŜȄ ǿƛǘƘ ƻƴŜ ƻǊ ƳƻǊŜ ƻǘƘŜǊ ǇǊƻǘŜƛƴǎΦ !ǎ ƳŜƴǘƛƻƴŜŘ ƛƴ /ƘŀǇǘŜǊ нΣ ɲw./{ ŎŜƭƭǎ ƘŀǾŜ ŀ w./[ 

ŘŜǇŜƴŘŜƴǘ ƘƛƎƘŜǊ ǎǳǊǾƛǾŀƭ ǊŀǘŜ ǿƛǘƘ Iнhн ǘǊŜŀǘƳŜƴǘΦ Lǘ Ƙŀǎ ƭƻǿ wb! ƻȄƛŘŀǘƛƻƴΣ ǿƘƛŎƘ ƛǎ ŀƭǎƻ 

Ǉƻǎǎƛōƭȅ ƳƛǘƛƎŀǘŜŘ ōȅ w./[ όCƛƎ нΦнύΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ L ǎƘƻǿŜŘ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ƴƻ ǾƛǎƛōƭŜ ŎǇ{Dǎ ƛƴ 

ɲw./{ όCƛƎ нΦтύΦ ¢ƘŜǎŜ ǊŜǎǳƭǘǎ ǎǳƎƎŜǎǘ ǘƘŀǘ ǘƘŜǊŜ Ƴŀȅ ōŜ w./[-wbtǎ ƛƴ ɲw./{ ǿƘƛŎƘ ǇŜǊŦƻǊƳ ǘƘŜ 

wǳōƛǎŎƻ-ƛƴŘŜǇŜƴŘŜƴǘ ƳƻƻƴƭƛƎƘǘƛƴƎ ŦǳƴŎǘƛƻƴΦ ¢ƘŜǎŜ w./[-wbtǎ Ƴŀȅ Ŏƻƴǘŀƛƴ wb! ŀƴŘ ǎƛƳƛƭŀǊ 

ǇǊƻǘŜƛƴ ŎƻƳǇƻƴŜƴǘǎ ŀǎ ŎǇ{DǎΦ ¢ƘŜȅ ŎƻǳƭŘ ōŜ ǇǊƛƳŀǊȅ ŎǇ{Dǎ ǿƛǘƘ ŀ ǎƳŀƭƭŜǊ ǎƛȊŜ ŀƴŘ ƭŜǎǎ ŎƻƴǘŜƴǘΦ 

LŦ ǘƘŜ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜǎŜ ŎƻƳǇƭŜȄŜǎ ǎƘŀǊŜ ǎƛƳƛƭŀǊƛǘȅ ǿƛǘƘ ŎǇ{Dǎ ƻǊ ƘŀǾŜ ŀ ƪƴƻǿƴ ōƛƻŎƘŜƳƛŎŀƭ 

ŦǳƴŎǘƛƻƴΣ ǎǳŎƘ ŀ ŦƛƴŘƛƴƎ ǿƻǳƭŘ ǎǳƎƎŜǎǘ Ƙƻǿ w./[ ƳƛǘƛƎŀǘŜǎ wb! ƻȄƛŘŀǘƛƻƴ ŀƴŘ ǘƘŜ ǇƻǘŜƴǘƛŀƭ 

ŦǳƴŎǘƛƻƴ ƻŦ ŎǇ{DǎΦ  

       ¢ƘƛǊŘƭȅΣ ǘƘŜ ст-мрл Y5ŀ w./[ ŎƻƳǇƭŜȄ Ƴŀȅ Ŏƻƴǘŀƛƴ ǎƻƳŜ ŎƻƳǇƻƴŜƴǘǎ ǊŜƭŀǘŜŘ ǘƻ ƻȄƛŘƛȊŜŘ 

wb! ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭΦ !ƭǘƘƻǳƎƘ L Ƴŀƛƴƭȅ ŦƻŎǳǎŜŘ ƻƴ ƛŘŜƴǘƛŦȅƛƴƎ w./[ ŎƻƳǇƭŜȄ ƛƴ ɲw./{Σ ǘƘƛǎ 
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ŎƻƳǇƭŜȄ ǿŀǎ ŀƭǎƻ ŘŜǘŜŎǘŜŘ ƛƴ ǿƛƭŘ ǘȅǇŜ ό{ǳǇ CƛƎ рΦмύΦ w./[ ƛǎ Ŏƻ-ƭƻŎŀƭƛȊŜŘ ǿƛǘƘ у-ƻȄƻD wb! ƛƴ 

ǇȅǊŜƴƻƛŘ ƛƴ ǿƛƭŘ ǘȅǇŜ ό/ƘŀǇǘŜǊ нύΦ ¢ƘǳǎΣ ǘƘŜ w./[ ŎƻƳǇƭŜȄ ŎƻǳƭŘ Ŏƻƴǘŀƛƴ ǎƻƳŜ ǇǊƻǘŜƛƴ 

ŎƻƳǇƻƴŜƴǘǎ ǊŜƭŀǘŜŘ ǘƻ ƻȄƛŘƛȊŜŘ wb! ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭΦ ¢ƘŜ ŀƴǘƛƻȄƛŘŀƴǘ ŦǳƴŎǘƛƻƴ ƻŦ w./[ ŎƻǳƭŘ ōŜ 

ǇŜǊŦƻǊƳŜŘ ōȅ ǊŜǇŀƛǊƛƴƎ ƻǊ ŘŜƎǊŀŘƛƴƎ у-ƻȄƻD wb! ƛƴ ǘƘƛǎ w./[ ŎƻƳǇƭŜȄΦ  

       CǳǘǳǊŜ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǘƘŜ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ƻƴŜ ƻǊ ōƻǘƘ ƻŦ ǘƘŜ ŦƻǊƳǎ ƻŦ w./[Σ ǘƘŜ ст-мрл 

Y5ŀ ŎƻƳǇƭŜȄ ŀƴŘ ǘƘŜ ǾŜǊȅ ƘƛƎƘ ƳƻƭŜŎǳƭŀǊ ǿŜƛƎƘǘ ŦƻǊƳΣ ŎƻǳƭŘ ǊŜǾŜŀƭ ǘƘŜ ƳƻƭŜŎǳƭŀǊ ƳŜŎƘŀƴƛǎƳǎ 

ƻŦ ǘƘŜ ƳƻƻƴƭƛƎƘǘƛƴƎ ŦǳƴŎǘƛƻƴΣ ŦƻǊ ŜȄŀƳǇƭŜ ǿƘŜǘƘŜǊ w./[ ŎƻƴǘǊƻƭǎ ƻȄƛŘƛȊŜŘ wb! ōȅ ǇǊƻǘŜŎǘƛƴƎ 

ƛƴǘŀŎǘ wb! ƻǊ ōȅ ǊŜǇŀƛǊƛƴƎ ƻǊ ŘŜƎǊŀŘƛƴƎ ƻȄƛŘƛȊŜŘ wb!Φ 
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/ƘŀǇǘŜǊ оΥ ! ǇŀǊǘƛŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜ ǎǳƎƎŜǎǘǎ ƴŜǿ ŦǳƴŎǘƛƻƴǎ ƻŦ ǘƘƛǎ 

ƳƛŎǊƻŎƻƳǇŀǊǘƳŜƴǘ ƻŦ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘΦ 

оΦм LƴǘǊƻŘǳŎǘƛƻƴ 

      tȅǊŜƴƻƛŘǎ ŀǊŜ ƴƻƴ-ƳŜƳōǊŀƴŜ ƳƛŎǊƻ-ŎƻƳǇŀǊǘƳŜƴǘ ƛƴ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘǎ ƻŦ Ƴŀƴȅ ŀƭƎŀŜ ŀƴŘ ŀƴ 

ŀǉǳŀǘƛŎ ǇƭŀƴǘΤ ǘƘŜ ƘƻǊƴǿƻǊǘǎ ώннуΣ ннфϐΦ ¢ƘŜ ǎƛƴƎƭŜ ǇȅǊŜƴƻƛŘ ƛƴ ŜŀŎƘ ŎƘƭƻǊƻǇƭŀǎǘ ƛǎ ǘƘŜ ƳŀƧƻǊ 

ƭƻŎŀǘƛƻƴ ŦƻǊ /hн ŦƛȄŀǘƛƻƴ ōȅ wǳōƛǎŎƻ ƛƴ ǘƘŜ /ŀƭǾƛƴ ŎȅŎƭŜΦ ! ǊŜǾƛŜǿ ƻŦ ǇȅǊŜƴƻƛŘǎ ǎǘǊǳŎǘǳǊŜ ŀƴŘ 

ŦǳƴŎǘƛƻƴǎ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ /ƘŀǇǘŜǊ м ƻŦ ǘƘƛǎ ǘƘŜǎƛǎΦ ! ǎǘŀǊŎƘ ǎƘŜŀǘƘ ǎǳǊǊƻǳƴŘƛƴƎ ǘƘŜ ǇȅǊŜƴƻƛŘ 

ƛƴŎǊŜŀǎŜǎ ƛƴ ǘƘƛŎƪƴŜǎǎ ǳƴŘŜǊ ƭƻǿ /hн ŎƻƴŘƛǘƛƻƴǎΣ ǿƘŜƴ ǘƘŜ //a ƛǎ ŀŎǘƛǾŀǘŜŘ ώнолϐΦ ¢ƘŜ ǊƻƭŜ ƻŦ 

ǘƘŜ ǇȅǊŜƴƻƛŘ ƛƴ /Φ ǊŜƛƴƘŀǊŘǘƛƛ ƛǎ ǎƛƳƛƭŀǊ ǘƻ ǘƘŀǘ ƻŦ ŎŀǊōƻȄȅǎƻƳŜǎ ƛƴ ŎȅŀƴƻōŀŎǘŜǊƛŀ ώномϐΤ ƛǘ 

ǇǊƻǾƛŘŜǎ ŀ ƭƻǿ hнκ/hн ŜƴǾƛǊƻƴƳŜƴǘ ŦƻǊ wǳōƛǎŎƻ ǘƻ ŦŀǾƻǊ ƛǘǎ ǇǊƻŘǳŎǘƛǾŜ ŎŀǊōƻȄȅƭŀǎŜ ό/hн-ŦƛȄƛƴƎύ 

ŀŎǘƛǾƛǘȅ ƛƴ ǘƘŜ /ŀƭǾƛƴ ŎȅŎƭŜ ƻǾŜǊ ƛǘǎ ǿŀǎǘŜŦǳƭ ƻȄȅƎŜƴŀǎŜ ŀŎǘƛǾƛǘȅ ώтрϐΦ Iƻǿ ŘƻŜǎ ǘƘŜ ǇȅǊŜƴƻƛŘ 

ŎƻƴŎŜƴǘǊŀǘŜ /hн ŀƴŘ Ƴŀƛƴǘŀƛƴ ƭƻǿ hн ŎƻƴŎŜƴǘǊŀǘƛƻƴΚ CƛǊǎǘƭȅΣ ǘƘŜ ǇȅǊŜƴƻƛŘ Ƙŀǎ ǘƘŜ //aΣ ǿƘƛŎƘ 

ŎƻƴŎŜƴǘǊŀǘŜǎ /hн ŀǊƻǳƴŘ wǳōƛǎŎƻ ό{ŜŎǘƛƻƴ мΦнύΦ {ŜŎƻƴŘƭȅΣ ǘƘŜ ǇȅǊŜƴƻƛŘ ǎŜǉǳŜǎǘŜǊǎ wǳōƛǎŎƻ ŀǿŀȅ 

ŦǊƻƳ ǇƘƻǘƻǎȅǎǘŜƳ LLΣ ǘƘŜ ŎƻƳǇƭŜȄ ǘƘŀǘ ǇǊƻŘǳŎŜǎ hн ŀǎ ŀ ōȅǇǊƻŘǳŎǘ ƻŦ ǇƘƻǘƻǎȅƴǘƘŜǘƛŎ ŜƭŜŎǘǊƻƴ 

ǘǊŀƴǎǇƻǊǘ ώооΣ трΣ нонϐΦ  

         !ƭǘƘƻǳƎƘ ǘƘŜ ǇȅǊŜƴƻƛŘ ƛǎ ƴƻǘ ōƻǳƴŘ ōȅ ŀ ƳŜƳōǊŀƴŜΣ ƛǘ ŘƻŜǎ Ŏƻƴǘŀƛƴ ŀ ƴŜǘǿƻǊƪ ƻŦ 

ƳŜƳōǊŀƴƻǳǎ ǘǳōǳƭŜǎΣ ǿƘƛŎƘ ŀǊŜ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴƻǳǎ ǾŜǎƛŎƭŜǎ ƻǳǘǎƛŘŜ ǘƘŜ 

ǇȅǊŜƴƻƛŘ ώнооϐΦ wŜŎŜƴǘƭȅΣ ŀƴ ŜƭŀōƻǊŀǘŜ ǳƭǘǊŀǎǘǊǳŎǘǳǊŜ ƻŦ ǇȅǊŜƴƻƛŘ Ƙŀǎ ōŜŜƴ ǊŜǾŜŀƭŜŘ ōȅ ŎǊȅƻ-

ŜƭŜŎǘǊƻƴ ǘƻƳƻƎǊŀǇƘȅ ώорϐΦ ¢Ƙƛǎ ǎǘǳŘȅ ǊŜǾŜŀƭŜŘ Ƴƛƴƛ-ǘǳōǳƭŜǎ ƛƴǎƛŘŜ ǘƘŜ ǇȅǊŜƴƻƛŘ ǘǳōǳƭŜǎΦ 9ŀŎƘ ƻŦ 

ǘƘŜǎŜ Ƴƛƴƛ-ǘǳōǳƭŜǎ ƛǎ ƻǇŜƴΣ ƻƴ ƻƴŜ ŜƴŘΣ ǘƻ ǘƘŜ ǎǘǊƻƳŀ ǎǳǊǊƻǳƴŘƛƴƎ ǘƘŜ ǇȅǊŜƴƻƛŘΦ ¢ƘŜ ƻǘƘŜǊ ŜƴŘ 

Ƙŀǎ ŀƴ ƻǇŜƴƛƴƎ ǿƛǘƘƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘ ƳŀǘǊƛȄΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜǎŜ Ƴƛƴƛ-ǘǳōǳƭŜǎ ŀǊŜ ǇǊŜǎǳƳŜŘ ǘƻ 

ŦŀŎƛƭƛǘŀǘŜ ǘƘŜ ŘƛǊŜŎǘ ŜȄŎƘŀƴƎŜ ƻŦ ƳŜǘŀōƻƭƛǘŜǎ ŀƴŘ ƻǘƘŜǊ ƳƻƭŜŎǳƭŜǎ ōŜǘǿŜŜƴ ǘƘŜ ǎǘǊƻƳŀ ŀƴŘ 



68 

ǇȅǊŜƴƻƛŘ ƳŀǘǊƛȄΦ ¢ƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘŜ ǇȅǊŜƴƻƛŘ Ƙŀǎ ŀ ŘƛǊŜŎǘ ŎƘŀƴƴŜƭ ǘƻ ŎƻƴƴŜŎǘ ǿƛǘƘ ǘƘŜ ǎǘǊƻƳŀ 

ǊŀƛǎŜǎ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ǘƘŀǘ ǘƘŜ ǇȅǊŜƴƻƛŘ ƳƛƎƘǘ ŎƻƴǘǊƛōǳǘŜ ǘƻ ƻǘƘŜǊ ōƛƻǎȅƴǘƘŜǎƛǎ ǇǊƻŎŜǎǎŜǎΦ  

        {ƻƳŜ ŜǾƛŘŜƴŎŜ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǇǊƻŎŜǎǎŜǎ ƛƴǾƻƭǾƛƴƎ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ƎŜƴƻƳŜ ƻŎŎǳǊ ƛƴ ǘƘŜ 

ǇȅǊŜƴƻƛŘΦ CƻǊ ŜȄŀƳǇƭŜΣ 5b! ǿŀǎ ŘŜǘŜŎǘŜŘ ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘ ƻŦ ǎƻƳŜ ƎǊŜŜƴ ŀƭƎŀŜΣ ōǳǘ ƴƻǘ ƛƴ /Φ 

ǊŜƛƴƘŀǊŘǘƛƛΦ IƻǿŜǾŜǊ ŎƘƭƻǊƻǇƭŀǎǘ ƴǳŎƭŜƻƛŘǎΣ ǘƘŜ ǎǘǊǳŎǘǳǊŜǎ ǘƘŀǘ Ŏƻƴǘŀƛƴ ǘƘŜ ƳǳƭǘƛǇƭŜ-ŎƻǇȅ 

ŎƘƭƻǊƻǇƭŀǎǘ ƎŜƴƻƳŜΣ ƘŀǾŜ ōŜŜƴ ǎƘƻǿƴ ǘƻ ōŜ ƭƻŎŀƭƛȊŜŘ ŀŘƧŀŎŜƴǘ ǘƻ ǇȅǊŜƴƻƛŘ ƛƴ /Φ ǊŜƛƴƘŀǊŘǘƛƛ ώмуΣ 

осϐΦ aƻǊŜƻǾŜǊΣ ŀ ǇǊƻǘŜƛƴ ǿƛǘƘ 5b! ŜƴŘƻƴǳŎƭŜŀǎŜ ŀŎǘƛǾƛǘȅΣ ¦±LомҌΣ ǿŀǎ ǊŜŎŜƴǘƭȅ ŦƻǳƴŘ ǘƻ ƭƻŎŀƭƛȊŜ 

ǘƻ ǘƘŜ ǇȅǊŜƴƻƛŘ ŀƴŘ ǘƘŜƴ ǘƻ ƭŜŀǾŜ ƛǘ ǳƴŘŜǊ ¦± ǎǘǊŜǎǎ ώотϐΦ !ƭƭ ƻŦ ǘƘŜǎŜ ǊŜǎǳƭǘǎ ǎǳƎƎŜǎǘ ǘƘŀǘ ǘƘŜ 

ǇȅǊŜƴƻƛŘǎ Ǉƭŀȅ ǎƻƳŜ ǳƴƪƴƻǿƴ ǊƻƭŜόǎύ ƛƴ ǘƘŜ ƳŀƛƴǘŜƴŀƴŎŜΣ ƛƴƘŜǊƛǘŀƴŎŜΣ ǊŜǇƭƛŎŀǘƛƻƴ ƻǊ ŜȄǇǊŜǎǎƛƻƴ 

ƻŦ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ƎŜƴƻƳŜΦ  

      Pyrenoid could have a role in RNA metabolism. Stress granules were found to form at the 

perimeter of pyrenoid during oxidative stress and other stress conditions in the chloroplast of 

C. reinhardtii [38]. These cpSGs recruit mRNAs, RNA binding proteins, and the small but not the 

large subunit of the chloroplast ribosome. Results in Chapter 2 report that pyrenoids contained 

oxidized RNA and reveal an alternate function of the major pyrenoid protein RBCL in controlling 

the level of oxidized RNA in the chloroplast of C. reinhardtii. The localization of cpSGs and 

oxidized RNA in the pyrenoid suggests that pyrenoids may have a role in RNA metabolism. 

Together, the detection of DNA and RNA in, or close to, pyrenoid suggests that the pyrenoid is a 

privileged location for some processes in nucleic acid metabolism involving both the chloroplast 

genome and RNAs encoded by it. 

 bŜǾŜǊǘƘŜƭŜǎǎΣ ŜȄŎŜǇǘ ŦƻǊ //a ŀƴŘ wǳōƛǎŎƻΣ ƭƛǘǘƭŜ ƛǎ ƪƴƻǿƴ ŀōƻǳǘ ǘƘŜ ƻǘƘŜǊ ōƛƻŎƘŜƳƛŎŀƭ ŀƴŘ 

ŎŜƭƭ ōƛƻƭƻƎƛŎŀƭ ŦǳƴŎǘƛƻƴǎ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘΦ LƴŘŜŜŘΣ ǘƘŜ ǇȅǊŜƴƻƛŘ ƛǎ ƻƴŜ ƻŦ ǘƘŜ Ŧƛƴŀƭ ǊŜƳŀƛƴƛƴƎ 
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ƛƴǘǊŀŎŜƭƭǳƭŀǊ ŎƻƳǇŀǊǘƳŜƴǘǎ ȅŜǘ ǘƻ ōŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǇǊƻǘŜƻƳƛŎǎΦ ¢ƘŜǊŜŦƻǊŜΣ ŀ ǇȅǊŜƴƻƛŘ 

ǇǊƻǘŜƻƳŜ ŎƻǳƭŘ ǊŜǾŜŀƭ ƳƻǊŜ ŀōƻǳǘ ǘƘŜ ǇŀǘƘǿŀȅǎ ŀƴŘ ǇǊƻŎŜǎǎŜǎ ǘƘŀǘ ƻŎŎǳǊ ǘƘŜǊŜƛƴΦ  

tǊƻǘŜƻƳƛŎǎ Ƙŀǎ ōŜŜƴ ǳǎŜŘ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊŜ ǘƘŜ ǇǊƻǘŜƛƴ ŎƻƳǇƻǎƛǘŜǎ ƻŦ ǎǇŜŎƛŦƛŎ ƛƴǘǊŀŎŜƭƭǳƭŀǊ 

ŎƻƳǇŀǊǘƳŜƴǘǎΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ ƛƴǾƻƭǾŜǎ ǘƘŜ ƛǎƻƭŀǘƛƻƴ ƻŦ ǘƘŜ ƛƴǘǊŀŎŜƭƭǳƭŀǊ ŎƻƳǇŀǊǘƳŜƴǘ ƻŦ ƛƴǘŜǊŜǎǘ 

ǿƘŜǊŜǳǇƻƴ ǘƘŜ ǇǊƻǘŜƛƴǎ ŀǊŜ ƛŘŜƴǘƛŦƛŜŘ ōȅ Ƴŀǎǎ ǎǇŜŎǘǊƻƳŜǘǊȅ ŀƴŘ ōƛƻƛƴŦƻǊƳŀǘƛŎǎ ŘŀǘŀōŀǎŜ 

ǎŜŀǊŎƘŜǎ ώнопϐΦ 9ŦŦƛŎƛŜƴǘ ǇǳǊƛŦƛŎŀǘƛƻƴ ƳŜǘƘƻŘǎ ŀǊŜ ƛƳǇƻǊǘŀƴǘ ōŜŎŀǳǎŜ ŀƴȅ ŎƻƴǘŀƳƛƴŀǘƛƴƎ 

ǇǊƻǘŜƛƴǎ ǿƛƭƭ ōŜ ŀǎǎƛƎƴŜŘ ŜǊǊƻƴŜƻǳǎƭȅ ǘƻ ƛƴ ǘƘŜ ŎƻƳǇŀǊǘƳŜƴǘ ǳƴŘŜǊ ǎǘǳŘȅΦ L ƳƻŘƛŦƛŜŘ ǇǊŜǾƛƻǳǎƭȅ 

ǊŜǇƻǊǘŜŘ ǇǊƻŎŜŘǳǊŜǎ ŦƻǊ ǇȅǊŜƴƻƛŘ ƛǎƻƭŀǘƛƻƴΣ ǘƻ ƻǇǘƛƳƛȊŜ ǘƘŜ ŜƴǊƛŎƘƳŜƴǘ ŀƴŘ ƳƛƴƛƳƛȊŜ ǘƘŜ 

ŜȄǇƻǎǳǊŜ ƻŦ ǇȅǊŜƴƻƛŘǎ ǘƻ ŎƘŜƳƛŎŀƭǎ ǘƘŀǘ ƳƛƎƘǘ ŀŦŦŜŎǘ ǘƘŜ ǊŜǎǳƭǘǎΦ CƻǊ ŜȄŀƳǇƭŜΣ L ŘƛŘ ƴƻǘ ǳǎŜ 

IƎ/ƭнΣ ǿƘƛŎƘ ǿŀǎ ǳǎŜŘ ƛƴ ǇǊŜǾƛƻǳǎ ƳŜǘƘƻŘǎ ŀǎ ŀ ŦƛȄŀǘƛǾŜ ǘƻ ǇǊŜǎŜǊǾŜ ǇȅǊŜƴƻƛŘ ƛƴǘŜƎǊƛǘȅΦ L ŀƭǎƻ 

ǊŜŘǳŎŜŘ ǘƘŜ ǘƛƳŜ ōŜǘǿŜŜƴ ŎŜƭƭ ƭȅǎƛǎ ŀƴŘ ǇȅǊŜƴƻƛŘ ƛǎƻƭŀǘƛƻƴΣ ǘƻ ƳƛƴƛƳƛȊŜ ǘƘŜ ǘƛƳŜ ƻŦ ŜȄǇƻǎǳǊŜ ƻŦ 

ǇȅǊŜƴƻƛŘǎ ǘƻ ¢Ǌƛǘƻƴ ·-млл ŀƴŘΣ ǘƘŜǊŜŦƻǊŜΣ ǇǊŜǾŜƴǘ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǎƻƭǳōƛƭƛȊŀǘƛƻƴ ƻŦ ǇȅǊŜƴƻƛŘ 

ǘǳōǳƭŜǎΦ 

9ǾŜƴ ǿƛǘƘ ƻǇǘƛƳƛȊŜŘ ƳŜǘƘƻŘǎΣ ŎƻƴǘŀƳƛƴŀǘƛƻƴ ōȅ ǇǊƻǘŜƛƴǎ ŦǊƻƳ ƻǘƘŜǊ ŎƻƳǇŀǊǘƳŜƴǘǎ ƛǎ 

ŀƭǿŀȅǎ ǇǊƻōƭŜƳŀǘƛŎ ƛƴ ǘƘŜ ǇǳǊƛŦƛŎŀǘƛƻƴ ƻŦ ǎǳōŎŜƭƭǳƭŀǊ ǎǘǊǳŎǘǳǊŜǎΦ ¢ƻ ƳƛƴƛƳƛȊŜ ǘƘƛǎ ǇǊƻōƭŜƳΣ L ǳǎŜŘ 

ŀ ŦŜǿ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ǇǳǊƛǘȅ ƻŦ ǇȅǊŜƴƻƛŘ ǇǊŜǇŀǊŀǘƛƻƴǎΦ CƛǊǎǘΣ ǇȅǊŜƴƻƛŘǎ ǿŜǊŜ ƛǎƻƭŀǘŜŘ 

ŦǊƻƳ ŎƘƭƻǊƻǇƭŀǎǘǎ ƛƴǎǘŜŀŘ ƻŦ ǿƘƻƭŜ ŎŜƭƭǎΦ ¢Ƙƛǎ ƘŜƭǇǎ ǘƻ ǊŜƳƻǾŜ ǘƘŜ ŎƻƴǘŀƳƛƴŀƴǘǎ ŦǊƻƳ 

ƳƛǘƻŎƘƻƴŘǊƛŀ ŀƴŘ ƻǘƘŜǊ ŎȅǘƻǇƭŀǎƳƛŎ ŎƻƳǇŀǊǘƳŜƴǘǎ ōŜŦƻǊŜ ƎŜƴŜǊŀǘƛƴƎ ǘƘŜ ǇȅǊŜƴƻƛŘ-ŜƴǊƛŎƘŜŘ 

ŦǊŀŎǘƛƻƴǎΦ {ŜŎƻƴŘƭȅΣ ŎƻƴǘǊƻƭ ǎŀƳǇƭŜǎ ŦǊƻƳ ǇȅǊŜƴƻƛŘ-ŘŜŦƛŎƛŜƴǘ Ƴǳǘŀƴǘǎ ǿŜǊŜ ǇǊŜǇŀǊŜŘ ŀƴŘ 

ŀƴŀƭȅȊŜŘ ǘƻ ǎǳōǘǊŀŎǘ ǇǊƻǘŜƛƴ ŎƻƴǘŀƳƛƴŀƴǘǎ ǘƘŀǘ Ŏƻ-ŦǊŀŎǘƛƻƴŀǘŜ ǿƛǘƘ ǇȅǊŜƴƻƛŘǎ ƻŦ ǿƛƭŘ-ǘȅǇŜ 

ǎǘǊŀƛƴΦ ¢ƘŜǎŜ ǘǿƻ ǎǘŜǇǎ ŘǊŀǎǘƛŎŀƭƭȅ ƛƳǇǊƻǾŜŘ ǘƘŜ ǇǳǊƛǘȅ ƻŦ ǇȅǊŜƴƻƛŘ-ŜƴǊƛŎƘŜŘ ǎŀƳǇƭŜǎ ŀƴŘ ǘƘŜ 

ǎǘǊƛƴƎŜƴŎȅ ƻŦ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƛƴ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴΦ CƻǊ ŜȄŀƳǇƭŜΣ Ƴŀƴȅ ŀōǳƴŘŀƴǘ ƴƻƴ-ŎƘƭƻǊƻǇƭŀǎǘ 
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ǇǊƻǘŜƛƴǎ ǘƘŀǘ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘ ƛƴ ƛƴƛǘƛŀƭ ǘǊƛŀƭǎ ƻŦ ǇȅǊŜƴƻƛŘ-ŜƴǊƛŎƘŜŘ ŦǊŀŎǘƛƻƴǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǿƘƻƭŜ 

ŎŜƭƭǎ ǿŜǊŜ ƴƻǘ ŘŜǘŜŎǘŜŘ ƛƴ ǘƘŜ ŦǊŀŎǘƛƻƴǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ ƛǎƻƭŀǘŜŘ ŎƘƭƻǊƻǇƭŀǎǘǎΦ !ƴŀƭȅǎƛǎ ƻŦ ŦǊŀŎǘƛƻƴǎ 

ŦǊƻƳ ǇȅǊŜƴƻƛŘ-ŘŜŦƛŎƛŜƴǘ Ƴǳǘŀƴǘǎ ǊŜǾŜŀƭŜŘ Ƴŀƴȅ ŎƻƴǘŀƳƛƴŀƴǘ ǇǊƻǘŜƛƴǎΣ ǿƘƛŎƘ ŎƻǳƭŘ ōŜ 

ǎǳōǘǊŀŎǘŜŘ ŦǊƻƳ ǘƘŜ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜΦ  

      ¢Ƙƛǎ ǿŀǎ ŀ ŎƻƭƭŀōƻǊŀǘƛǾŜ ǇǊƻƧŜŎǘΦ aȅ ŎƻƴǘǊƛōǳǘƛƻƴǎ ƛƴǾƻƭǾŜŘ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ мύ ¢ƘŜ 

ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ ƛǎƻƭŀǘƛƻƴ ǇǊƻǘƻŎƻƭΣ ōŀǎŜŘ ƻƴ ǇǊŜǾƛƻǳǎƭȅ ǊŜǇƻǊǘŜŘ ǇǊƻǘƻŎƻƭǎ όWƛƳ 

¦ƴƛŀŎƪŜΣ ǳƴǇǳōƭƛǎƘŜŘ ŘŀǘŀύΦ нύ tǊŜǇŀǊŀǘƛƻƴ ƻŦ ǘƘŜ ǎŀƳǇƭŜǎ ŀƴŘ ŎƻƴǘǊƛōǳǘŜŘ ǎǳōǎǘŀƴǘƛŀƭƭȅ ǘƻ ǘƘŜ 

ŀƴŀƭȅǎŜǎ ŀƴŘ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴǎ ƻŦ ǘƘŜ ǇǊƻǘŜƻƳƛŎ ǊŜǎǳƭǘǎΦ 5ǊΦ {ǘŞǇƘŀƴŜ [ŜƳŀƛǊŜ ǿƛǘƘ 5ǊΦ /ƘǊƛǎǘƻǇƘŜ 

aŀǊŎƘŀƴŘ ŀƴŘ aǎΦ !ŘŜƭƛƴŜ aŀǳǊƛŜǎ όInstitut de Biologie Physico-Chimique Paris, France) 

ǇǊƻŎŜǎǎŜŘ ǘƘŜ ǎŀƳǇƭŜǎ ŀƴŘ ƻōǘŀƛƴŜŘ ŀƭƭ ǘƘŜ ǎǇŜŎǘǊƻƳŜǘǊȅ ŘŀǘŀΣ ŦƛƭǘŜǊŜŘ ǘƘŜ ǊŜǎǳƭǘǎΣ ƳŀǇǇŜŘ ǘƘŜ 

ǇŜǇǘƛŘŜǎ ǘƻ ǘƘŜ ŀƴƴƻǘŀǘŜŘ ƎŜƴƻƳŜΣ ŀƴŘ ŘƛŘ ǘƘŜ Y9DD ŀƴŀƭȅǎŜǎΦ  

     ¢ƘŜ ǇǊŜƭƛƳƛƴŀǊȅ ǇǊƻǘŜƻƳƛŎ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ ό{ǳǇ CƛƎ оΦпύ ǎǳǇǇƻǊǘŜŘ ǘƘŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ 

//a ƛƴ ǇȅǊŜƴƻƛŘ ōȅ ƛŘŜƴǘƛŦȅƛƴƎ ǎƛȄ ƭƻǿ /hн-ƛƴŘǳŎŜŘ ό[/Lύ ǇǊƻǘŜƛƴǎ ƛƴŎƭǳŘƛƴƎ /!IоΣ ǘƘŜ ŎŀǊōƻƴƛŎ 

ŀƴƘȅŘǊŀǎŜ ƻŦ ǇȅǊŜƴƻƛŘ ǘǳōǳƭŜǎ ώорϐΦ tǊƻǘŜƛƴǎ ƛƴǾƻƭǾŜŘ ƛƴ ǎǘŀǊŎƘ ƳŜǘŀōƻƭƛǎƳΤ ōƻǘƘ ǎȅƴǘƘŜǎƛǎ ŀƴŘ 

ŘŜƎǊŀŘŀǘƛƻƴΣ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘΦ ¢Ƙƛǎ ǇǊƻǾƛŘŜǎ ǘƘŜ ŦƛǊǎǘ ŜǾƛŘŜƴŎŜ ŦƻǊ ŀ ƭƻƴƎ-ǎǘŀƴŘƛƴƎΣ ŎƻƴǘǊƻǾŜǊǎƛŀƭ 

ƘȅǇƻǘƘŜǎƛǎ ǘƘŀǘ ǘƘŜ ǇȅǊŜƴƻƛŘ ƳŀƪŜǎ ŀƴŘ ŘŜƎǊŀŘŜǎ ǘƘŜ ǎǘŀǊŎƘ ǘƘŀǘ ǎǳǊǊƻǳƴŘǎ ƛǘΦ tǊƻǘŜƛƴǎ ƛƴ ƻǘƘŜǊ 

ǇŀǘƘǿŀȅǎ ƻŦ ŎŀǊōƻƴ ƳŜǘŀōƻƭƛǎƳ ǿŜǊŜ ŀƭǎƻ ƛŘŜƴǘƛŦƛŜŘ ƛƴ ǘƘƛǎ ǇǊƻǘŜƻƳŜΦ ¢ƘŜ ǎǳōǳƴƛǘǎ ƻŦ wb! 

ǇƻƭȅƳŜǊŀǎŜ ŀƴŘ ǘǿŜƴǘȅ-ǘǿƻ ŎƘƭƻǊƻǇƭŀǎǘ ǊƛōƻǎƻƳŀƭ ǇǊƻǘŜƛƴǎ ǿŜǊŜ ŀƭǎƻ ƛŘŜƴǘƛŦƛŜŘΣ ǿƘƛŎƘ ǎǳƎƎŜǎǘ 

ǘƘŀǘ ǘƘŜ ǇȅǊŜƴƻƛŘ ƛǎ ŀ ǎƛǘŜ ƻŦ ǘǊŀƴǎŎǊƛǇǘƛƻƴ ŀƴŘ ǘǊŀƴǎƭŀǘƛƻƴΦ wb! ŘŜƎǊŀŘŀǘƛƻƴ ŜƴȊȅƳŜǎ ƛŘŜƴǘƛŦƛŜŘ 

ƛƴ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜ ǎǳǇǇƻǊǘŜŘ ǘƘŜ ƘȅǇƻǘƘŜǎƛǎ ǘƘŀǘ ǘƘŜ ǇȅǊŜƴƻƛŘ ƛǎ ŀ ƭƻŎŀǘƛƻƴ ƻŦ wb! 

ƳŜǘŀōƻƭƛǎƳΣ ǎǳǇǇƻǊǘƛƴƎ ǘƘŜ ǊŜǎǳƭǘǎ ƛƴ /ƘŀǇǘŜǊ н ǊŜǾŜŀƭƛƴƎ ǘƘŀǘ ƻȄƛŘƛȊŜŘ wb! ƭƻŎŀƭƛȊŀǘƛƻƴ ǘƻ ǘƘŜ 

ǇȅǊŜƴƻƛŘ ŀƴŘ ǘƘŜ ŦǳƴŎǘƛƻƴ ƻŦ ǘƘŜ ƳŀƧƻǊ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƛƴ w./[ ƛƴ ŎƻƴǘǊƻƭƭƛƴƎ ǘƘŜ ƭŜǾŜƭ ƻŦ ƻȄƛŘƛȊŜŘ 
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wb!Φ Lƴ ŀŘŘƛǘƛƻƴΣ Ƴŀƴȅ ǇǊŜŘƛŎǘŜŘ ǇǊƻǘŜƛƴǎ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘΣ Ǉƻǎǎƛōƭȅ ƛƳǇƭƛŎŀǘƛƴƎ ǘƘŜƳ ƛƴ 

ǇȅǊŜƴƻƛŘ ŦǳƴŎǘƛƻƴǎΦ ¢Ƙƛǎ ǊŜǎŜŀǊŎƘ ǇǊƻǾƛŘŜǎ ǘƘŜ ŦƛǊǎǘ ǇǊƻǘŜƻƳƛŎ ŀƴŀƭȅǎŜǎ ƻŦ ŀ ǇȅǊŜƴƻƛŘ ŀƴŘ ƻǇŜƴǎ 

ƴŜǿ ŀǾŜƴǳŜǎ ǘƻ ǘƘŜ ŦǳƴŎǘƛƻƴ ǊŜǎŜŀǊŎƘ ƻŦ ǘƘƛǎ ŎƘƭƻǊƻǇƭŀǎǘ ƳƛŎǊƻ-ŎƻƳǇŀǊǘƳŜƴǘΦ 

оΦн aŀǘŜǊƛŀƭǎ ŀƴŘ aŜǘƘƻŘǎ 

/ƘƭƻǊƻǇƭŀǎǘǎ Lǎƻƭŀǘƛƻƴ  

        /Ŝƭƭǎ ǿŜǊŜ ƘŀǊǾŜǎǘŜŘ ŦǊƻƳ ŎǳƭǘǳǊŜǎ όм-п Ȅмлс ŎŜƭƭǎκƳƭύ ōȅ ŎŜƴǘǊƛŦǳƎŀǘƛƻƴ όоллл ƎΣ мл ƳƛƴΣ п 

ƻ/ύΦ tŜƭƭŜǘ ǿŀǎ ǿŀǎƘŜŘ ōȅ ǊŜǎǳǎǇŜƴǎƛƻƴ ƛƴ млл Ƴƭ ƻŦ рл Ƴa I9t9{-YhI ώǇI тΦрϐ ŦƻƭƭƻǿŜŘ ōȅ 

ŎŜƴǘǊƛŦǳƎŀǘƛƻƴ ŀǘ оллл Ǝ ŦƻǊ р Ƴƛƴ ŀǘ п ƻ/Φ ¢ƘŜ ŎŜƭƭ ǇŜƭƭŜǘ ǿŀǎ ǊŜǎǳǎǇŜƴŘŜŘ ǘƻ ǘƘŜ ŘŜƴǎƛǘȅ ƻŦ млу 

ŎŜƭƭǎκƳƭ ƛƴ Lǎƻƭŀǘƛƻƴ .ǳŦŦŜǊ όL.ύ όолл Ƴa ǎƻǊōƛǘƻƭΣ рл Ƴa I9t9{-YhI ώǇIтΦрϐΣ н Ƴa bŀ-95¢!Σ 

мƳa aƎ/ƭн ŀƴŘ м ҈ ώǿκǾϐ .{!ύΦ {ƛƴŎŜ L. ƛǎ ƘȅǇŜǊǘƻƴƛŎ ǘƻ ǘƘŜ ŎŜƭƭǎΣ ŀƭƭ ǘƘŜ ŎŜƭƭǎ ƛƴ ƛǘ ƭƻƻƪŜŘ 

ǎƘǊǳƴƪŜƴ ŀƴŘ ƛǊǊŜƎǳƭŀǊ ƛƴ ǎƘŀǇŜΦ ¢ƘŜƴ мл҈ ǎŀǇƻƴƛƴ όǿκǾύ ό{ƛƎƳŀ-!ƭŘǊƛŎƘύ ǿŀǎ ŀŘŘŜŘ ǘƻ ƳŀƪŜ ŀ 

Ŧƛƴŀƭ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƻŦ лΦр҈ όǿκǾύ ŀƴŘ ƛƴŎǳōŀǘŜŘ ŦƻǊ мр -нл ƳƛƴΦ ¢ƘŜ ǘƛƳŜ ƻŦ ǘƘŜ ƛƴŎǳōŀǘƛƻƴ ǿŀǎ 

ŘŜŎƛŘŜŘ ōȅ ǘƘŜ ƻōǎŜǊǾŀǘƛƻƴ ƻŦ ŎŜƭƭ ǎƘŀǇŜ ǳƴŘŜǊ ǘƘŜ ƭƛƎƘǘ ƳƛŎǊƻǎŎƻǇŜΦ ²ƘŜƴ ŀōƻǳǘ ул҈ ƻŦ ǘƘŜ 

ŎŜƭƭǎ ǎǿŜƭƭ ǘƻ ǘƘŜ ǊƻǳƴŘ ǎƘŀǇŜ ŦǊƻƳ ǘƘŜ ǎƘǊǳƴƪŜƴ ƛǊǊŜƎǳƭŀǊ ǎƘŀǇŜΣ ƛǘ ǿŀǎ ŀǎǎǳƳŜŘ ǘƘŀǘ ǘƘŜ 

ǎŀǇƻƴƛƴ ƘŀŘ ǎƻƭǳōƛƭƛȊŜŘ ǘƘŜ ǇƭŀǎƳŀ ƳŜƳōǊŀƴŜ ό{ǳǇǇƭŜƳŜƴǘŀƭ CƛƎΦ оΦмύΦ L. ƛǎ ƛǎƻǘƻƴƛŎ ǘƻ ǘƘŜ 

ŎƘƭƻǊƻǇƭŀǎǘǎΣ ǘƘǳǎ ǘƘŜ ǎǿŜƭƭ ŎƻƴŘƛǘƛƻƴ ǎƘƻǿŜŘ ǘƘŜ ǎǳŦŦƛŎƛŜƴǘ ǎƻƭǳōƛƭƛȊŀǘƛƻƴ ƻŦ ǇƭŀǎƳŀ ƳŜƳōǊŀƴŜΦ 

¢ƘŜ ŎŜƭƭǎ ǿŜǊŜ ǇŜƭƭŜǘŜŘ ŀƴŘ ǊŜǎǳǎǇŜƴŘŜŘ ŀƎŀƛƴ ƛƴ L. ǘƻ лΦо ƳƎκƳƭ ŎƘƭƻǊƻǇƘȅƭƭΦ !ƭƭ ƻŦ ǘƘŜ 

ŦƻƭƭƻǿƛƴƎ ǎǘŜǇǎ ǿŜǊŜ ŎŀǊǊƛŜŘ ŀǘ п ƻ/Φ ¢ƘŜ ŎŜƭƭǎ ǿŜǊŜ ǊŀǇƛŘƭȅ ŘǊŀǿƴ ƛƴǘƻ ŀ мл Ƴƭ ǎȅǊƛƴƎŜΣ ǘƘŜƴ ŀ 

нт-ƎǳŀƎŜ ƴŜŜŘƭŜ ǿŀǎ ŀǘǘŀŎƘŜŘΣ ŀƴŘ ǘƘŜ ŎŜƭƭǎ ǿŜǊŜ ŜȄǇǳƭǎŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ƴŜŜŘƭŜ ŀǘ ŀ Ŧƭƻǿ ǊŀǘŜ 

лΦр Ƴƭκ ǎŜŎƻƴŘΦ ¢Ƙƛǎ ǎȅǊƛƴƎŜ ǇŀǎǎŀƎŜ ǎǘŜǇ ǿŀǎ ǊŜǇŜŀǘŜŘ ŦƛǾŜ ǘƛƳŜǎΦ CǊƻƳ ǘƘŜ ŜƭǳǘŜŘ ƳŀǘŜǊƛŀƭΣ 

ǿƘƻƭŜ ŎŜƭƭǎ ŀƴŘ ŎƘƭƻǊƻǇƭŀǎǘǎ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ōȅ ŎŜƴǘǊƛŦǳƎŀǘƛƻƴ όтлл ƎΣ н ƳƛƴΣ п ƻ/ύΦ ¢ƘŜ ǇŜƭƭŜǘ ǿŀǎ 

ƎŜƴǘƭȅ ǊŜǎǳǎǇŜƴŘŜŘ ƛƴ н Ƴƭ ƻŦ ƛǎƻƭŀǘƛƻƴ ōǳŦŦŜǊ όлΦм҈ .{! ώǿκǾϐύ ǳǎƛƴƎ ŀ ŦƛƴŜ ǇŀƛƴǘōǊǳǎƘ ǘƻ ŀǾƻƛŘ 
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ōǊŜŀƪŀƎŜ ƻŦ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘǎΦ ¢ƘŜ ǎǳǎǇŜƴǎƛƻƴ ǿŀǎ ƻǾŜǊƭŀƛŘ ƻƴ ŀ ŘƛǎŎƻƴǘƛƴǳƻǳǎ tŜǊŎƻƭƭ ƎǊŀŘƛŜƴǘ 

όǿƛǘƘ ǎǘŜǇǎ ƻŦ нл҈Σ пр҈ ŀƴŘ ср҈ ώǾκǾϐύ ŀƴŘ ŎŜƴǘǊƛŦǳƎŜŘ ŦƻǊ нл Ƴƛƴ ŀǘ оΣнлл Ȅ Ǝ ό.ŜŎƪƳŀƴ 

/ƻǳƭǘŜǊΣ !ƭƭŜƎǊŀ сwΣ DIоΦу! ǊƻǘƻǊύΦ LƴǘŀŎǘ ŎƘƭƻǊƻǇƭŀǎǘǎ ŦƻǊƳ ŀ ōŀƴŘ ŀǘ ǘƘŜ пр-ср҈ ƛƴǘŜǊŦŀŎŜΦ ¢ƘŜ 

ŘŜǎƛǊŜŘ ōŀƴŘǎ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ǳǎƛƴƎ ŀ tŀǎǘŜǳǊ ǇƛǇŜǘ όǳǎƛƴƎ ǘƘŜ ǿƛŘŜ ōƻǊŜ ŜƴŘ ŦƻǊ ŎƻƭƭŜŎǘƛƻƴ ŀƴŘ ŀ 

ǊǳōōŜǊ ǇƛǇŜǘ ōǳƭō ŀǘǘŀŎƘŜŘ ǘƻ ǘƘŜ ōǊƻƪŜƴ ƴŀǊǊƻǿ ŜƴŘύΦ CǊŀŎǘƛƻƴǎ ǿŜǊŜ ŘƛƭǳǘŜŘ ǿƛǘƘ мл Ƴƭ 

ƛǎƻƭŀǘƛƻƴ ōǳŦŦŜǊ όлΦм҈ .{! ώǿκǾϐύ ŀƴŘ ŎŜƴǘǊƛŦǳƎŜŘ όстл Ȅ ƎΣ н ƳƛƴΣ п ƻ/ύ ǘƻ ŎƻƭƭŜŎǘ ǘƘŜ ƻǊƎŀƴŜƭƭŜǎ 

ŀƴŘ ǊŜƳƻǾŜ ǘƘŜ tŜǊŎƻƭƭΦ ¢ƘŜ ŎƘƭƻǊƻǇƭŀǎǘƛŎ ǇŜƭƭŜǘ ǿŀǎ ǊŜǎǳǎǇŜƴŘŜŘ ƛƴ ǘƘŜ ōǳŦŦŜǊ ǿƛǘƘ олл Ƴa 

ǎƻǊōƛǘƻƭΣ рл Ƴa I9t9{ όǇI тΦрύ ŀƴŘ р Ƴa aƎ/ƭнΦ  

tȅǊŜƴƻƛŘ ƛǎƻƭŀǘƛƻƴ 

bŀƳŜ DŜƴƻǘȅǇŜ tȅǊŜƴƻƛŘ //a wǳōƛǎŎƻ w./[ w./{ 

Y!с 
όǇȅǊŜƴƻƛŘ ǿƛƭŘ-ǘȅǇŜύ 

ȅ-тκŎǿмр Ҍ Ҍ Ҍ Ҍ Ҍ 

a·оомнκŎǿмр 
όǇȅǊŜƴƻƛŘ ŘŜŦƛŎƛŜƴǘύ 

ɲǊōŎ[Τ Ŏǿмр - - - - Ҍ 

{{-!¢ 
όǇȅǊŜƴƻƛŘ ŘŜŦƛŎƛŜƴǘύ 

w./{-
!ǊŀōƛŘƻǇǎƛǎ 
 ǘƘŀƭƛŀƴŀ 

- Ҍ όǊŜŘǳŎŜŘύ Ҍ Ҍ Ҍ 
 

¢ŀōƭŜ оΦм {ǘǊŀƛƴǎ ǳǎŜŘ ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘ ƛǎƻƭŀǘƛƻƴ 

      ²ƛƭŘ-ǘȅǇŜ ƻǊ ǇȅǊŜƴƻƛŘ-ŘŜŦƛŎƛŜƴǘ ŎŜƭƭǎ ƻŦ ŀ ŘŜƴǎƛǘȅ ƻŦ м-п Ȅмлс ŎŜƭƭǎκ Ƴƭ ǿŜǊŜ ǇŜƭƭŜǘŜŘ ŀǘ оΣллл 

Ȅ Ǝ ŀǘ п ƻ/Φ ¢ƘŜ ǇŜƭƭŜǘ ǿŀǎ ǊŜǎǳǎǇŜƴŘŜŘ ƛƴ .ǊŜŀƪƛƴƎ .ǳŦŦŜǊ ό..ύ όолл Ƴa ǎƻǊōƛǘƻƭΣ мл Ƴa ¢ǊƛŎƛƴŜ 

ǇI тΦу ŀƴŘ р Ƴa 95¢!ύ ǘƻ ǘƘŜ ŘŜƴǎƛǘȅ ƻŦ п Ȅ млт ŎŜƭƭǎκƳƭΦ нлл ƭ˃ ƻŦ р· .. ǿŀǎ ƳƛȄŜŘ ǿƛǘƘ улл ƭ˃ 

tŜǊŎƻƭƭ όD9 ƘŜŀƭǘƘύ ƛƴ ŀ мΦр Ƴƭ ƳƛŎǊƻŦǳƎŜ ǘǳōŜΦ ! нрл ƭ˃ ŦǊŜǎƘƭȅ ƳŀŘŜ н҈ όǾκǾύ ¢Ǌƛǘƻƴ млл-· 

ό{ƛƎƳŀ-!ƭŘǊƛŎƘύ ǿŀǎ ƻǾŜǊƭŀƛŘ ƻƴ ǘƘŜ tŜǊŎƻƭƭ ƳƛȄ ŀƴŘ ǘƘŜƴ нрл ƭ˃ ƻŦ ǘƘŜ ŎŜƭƭǎ ƛƴ .. ǿŀǎ ŀŘŘŜŘ ǘƻ 

ǘƘŜ ǳǇǇŜǊ ǇƘŀǎŜ ŀƴŘ ǘƘŜ ǘǳōŜ ǿŀǎ ƛƳƳŜŘƛŀǘŜƭȅ ŎŜƴǘǊƛŦǳƎŜŘ ŀǘ млΣллл Ȅ Ǝ ƛƴ ǘƘŜ ōŜƴŎƘ ǘƻǇ 

ǊŜŦǊƛƎŜǊŀǘŜŘ ŎŜƴǘǊƛŦǳƎŜ ŀǘ п ƻ/  όCƛƎ оΦмύΦ !ŦǘŜǊ ŎŜƴǘǊƛŦǳƎŀǘƛƻƴΣ ǘƘŜ рлл ƭ˃ ǎǳǇŜǊƴŀǘŀƴǘ ǿŀǎ ƪŜǇǘ 

ŦƻǊ ŀƴŀƭȅǎƛǎΣ ŎŀƭƭŜŘ άǘƻǇέΦ ¢ƘŜ ǊŜƳŀƛƴƛƴƎ ƭƛǉǳƛŘ ǿŀǎ ŘƛǎŎŀǊŘŜŘ ŀƴŘ ǘƘŜ ǇŜƭƭŜǘ ǿŀǎ ǊƛƴǎŜŘ ōȅ .. 

ƻƴŎŜΦ ¢ƘŜ ǘƻǇ ŀƴŘ ǇŜƭƭŜǘ ŦǊŀŎǘƛƻƴǎ ǿŜǊŜ ŦǊƻȊŜƴ ƛƴ ǘƘŜ -ул ƻ/ ŦǊŜŜȊŜǊΦ 
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     CƻǊ ǘƘŜ ǇȅǊŜƴƻƛŘ ƛǎƻƭŀǘƛƻƴ ŦǊƻƳ ŎƘƭƻǊƻǇƭŀǎǘǎΣ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘǎ ǿŜǊŜ ŦƛǊǎǘ ƛǎƻƭŀǘŜŘ ŀǎ ŘŜǎŎǊƛōŜŘ 

ŀōƻǾŜΦ ¢ƘŜ ŎƘƭƻǊƻǇƘȅƭƭ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƻŦ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ǎǳǎǇŜƴǎƛƻƴ ǿŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ 

ǎǇŜŎǘǊƻǇƘƻǘƻƳŜǘŜǊ ŀǘ ǘƘŜ срн ƴƳ ŀƴŘ сср ƴƳ ώнорϐΦ ¢ƘŜ ƛǎƻƭŀǘŜŘ ŎƘƭƻǊƻǇƭŀǎǘǎ ǿƘƛŎƘ Ŏƻƴǘŀƛƴ 

ǘƘŜ ŀƳƻǳƴǘ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ Ŝǉǳŀƭ ǘƻ ǘƘŀǘ ƻŦ ǘƘŜ мȄ млт ŎŜƭƭǎ ǿŜǊŜ ǇŜƭƭŜǘŜŘ ōȅ ŎŜƴǘǊƛŦǳƎŀǘƛƻƴ ŀƴŘ 

ǊŜǎǳǎǇŜƴŘŜŘ ƛƴ нрл ƭ˃ ..Φ ¢ƘŜ ŎƘƭƻǊƻǇƭŀǎǘǎ ǿŜǊŜ ǎƻƭǳōƛƭƛȊŜŘ ǿƛǘƘ лΦр ҈ ¢Ǌƛǘƻƴ ·-млл ŀƴŘ 

ǇŜƭƭŜǘŜŘ ǘƘǊƻǳƎƘ ŀƴ ул҈ tŜǊŎƻƭƭ ƎǊŀŘƛŜƴǘΦ ¢ƘŜ ǊŜƳŀƛƴƛƴƎ ǎǘŜǇǎ ŀǊŜ ǘƘŜ ǎŀƳŜ ŀǎ ŘŜǎŎǊƛōŜŘ ŀōƻǾŜ 

ŦƻǊ ǿƘƻƭŜ ŎŜƭƭǎΦ 

tǊƻǘŜƛƴ ŜȄǘǊŀŎǘƛƻƴ 

     tǊƻǘŜƛƴǎ ǿŜǊŜ ŜȄǘǊŀŎǘŜŘ ŦǊƻƳ ǘƘŜ άǘƻǇέ ŦǊŀŎǘƛƻƴ ōȅ ǘƘŜ ƳŜǘƘŀƴƻƭκŎƘƭƻǊƻŦƻǊƳ ƳŜǘƘƻŘ ώносϐΦ 

нлл ˃ƭ ƻŦ ǘƘŜ άǘƻǇέ ŦǊŀŎǘƛƻƴ ǿŀǎ ŀƭƛǉǳƻǘŜŘ ǘƻ ǎŜǾŜǊŀƭ мΦр Ƴƭ ƳƛŎǊƻŦǳƎŜ ǘǳōŜǎΦ ¢ƻ ŜŀŎƘ ǎŀƳǇƭŜΣ 

слл ˃ƭ ƳŜǘƘŀƴƻƭΣ мрл ƭ˃ ŎƘƭƻǊƻŦƻǊƳ ŀƴŘ прл ˃ƭ Iнh ǿŜǊŜ ŀŘŘŜŘ ŦƻƭƭƻǿŜŘ ōȅ ǾƻǊǘŜȄƛƴƎΦ ¢ƘŜ 

ƳƛȄǘǳǊŜ ǿŀǎ ŎŜƴǘǊƛŦǳƎŜŘ ŀǘ мрΣ ллл Ȅ Ǝ ƛƴ ŀ ōŜƴŎƘ-ǘƻǇ ǊŜŦǊƛƎŜǊŀǘŜŘ ŎŜƴǘǊƛŦǳƎŜ ŦƻǊ м-н Ƴƛƴ ŀǘ п ƻ/ 

όa.L ƭŀō ŜǉǳƛǇƳŜƴǘύΦ ¢ƘŜ ǳǇǇŜǊ ǇƘŀǎŜ ǿŀǎ ǊŜƳƻǾŜŘ ŀŦǘŜǊ ŎŜƴǘǊƛŦǳƎŀǘƛƻƴ ŀƴŘ прл ƭ˃ ƳŜǘƘŀƴƻƭ 

ǿŀǎ ŀŘŘŜŘ ǘƻ ǘƘŜ ǘǳōŜΦ !ŦǘŜǊ ǾƻǊǘŜȄƛƴƎΣ ǘƘŜ ƳƛȄǘǳǊŜ ǿŀǎ ŎŜƴǘǊƛŦǳƎŜŘ ŀƎŀƛƴ ŀǘ мрΣллл Ǝ ŦƻǊ р Ƴƛƴ 

ŀǘ п ƻ/ ǳǎƛƴƎ ǘƘŜ ǎŀƳŜ ŎŜƴǘǊƛŦǳƎŜΦ ¢ƘŜ ǎǳǇŜǊƴŀǘŀƴǘ ǿŀǎ ǊŜƳƻǾŜŘ ŀƴŘ ǘƘŜ ǇŜƭƭŜǘ ǿŀǎ ŘƛǎǎƻƭǾŜŘ ƛƴ 

рл ˃ƭ {5{ ƭƻŀŘƛƴƎ ōǳŦŦŜǊ όрл Ƴa ¢Ǌƛǎ-/ƭ ώǇI сΦуϐΣ п҈ ƎƭȅŎŜǊƻƭΣ мΦс҈ {5{ ŀƴŘ п҈ όǾκǾύ ̡-

ƳŜǊŎŀǇǘƻŜǘƘŀƴƻƭύ ŦƻǊ {5{-t!D9Φ 
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CƛƎǳǊŜ оΦм Cƭƻǿ ŎƘŀǊǘ ǘƻ ǎƘƻǿ Ƙƻǿ ǇȅǊŜƴƻƛŘ ǇŜƭƭŜǘ ǿŀǎ ŀŎǉǳƛǊŜŘΦ  

п·млт ŎŜƭƭǎ ǿŜǊŜ ǎƻƭǳōƛƭƛȊŜŘ ǿƛǘƘ м҈ ¢Ǌƛǘƻƴ-·млл ŀƴŘ ŎŜƴǘǊƛŦǳƎŜŘ ǘƘǊƻǳƎƘ ул҈ tŜǊŎƻƭƭΦ /ǊǳŘŜ 

ǇȅǊŜƴƻƛŘ ŦǊŀŎǘƛƻƴ ƛƴ ǘƘŜ ǇŜƭƭŜǘ ŀƴŘ ǘƘŜ ǘƻǇ ŦǊŀŎǘƛƻƴ ŎƻƴǘŀƛƴƛƴƎ ƭŜŦǘ ŎŜƭƭ ŎƻƳǇƻƴŜƴǘǎ ǿŜǊŜ ƪŜǇǘ 

ŦƻǊ ŦǳǊǘƘŜǊ ŀƴŀƭȅǎƛǎΦ 
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{ƛƭǾŜǊ ǎǘŀƛƴƛƴƎ 

     ! ƎŜƭ ƻŦ мн҈ ŀŎǊȅƭŀƳƛŘŜ-ōƛǎ ŀŎǊȅƭŀƳƛŘŜ όнфΥмύ ǿŀǎ ƳŀŘŜ ŀŎŎƻǊŘƛƴƎ ǘƻ ŀ ǎǘŀƴŘŀǊŘ ǇǊƻǘƻŎƻƭ 

ώнлсϐΦ ¢ƘŜ ǎŀƳǇƭŜǎ ǿŜǊŜ ŘŜƴŀǘǳǊŜŘ ǿƛǘƘ {5{ ƭƻŀŘƛƴƎ ōǳŦŦŜǊ ŀǘ млл ƻ/ ŦƻǊ р ƳƛƴΦ с ƭ˃ ƻŦ ǇǊŜ-

ǎǘŀƛƴŜŘ ǇǊƻǘŜƛƴ ƭŀŘŘŜǊ όCŜǊƳŜƴǘŀǎΣ {aлстмύ ǿŀǎ ǳǎŜŘ ŀǎ ƳŀǊƪŜǊ ǘƻ ƛƴŘƛŎŀǘŜ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘŜ 

ǇǊƻǘŜƛƴΦ ¢ƘŜ ƎŜƭ ǿŀǎ Ǌǳƴ ƻǾŜǊƴƛƎƘǘ ŀǘ с Ƴ! ƛƴ ¢Ǌƛǎ-ƎƭȅŎƛƴŜ ōǳŦŦŜǊ ό25 mM Tris-Cl 250 mM glycine, 

0.1% SDS [w/v]ύ ŀƴŘ ǎƭƛǾŜǊ ǎǘŀƛƴŜŘ ǳǎƛƴƎ ŎƻƳƳŜǊŎƛŀƭ ƪƛǘ ό{ƛƎƳŀ-!ƭŘǊƛŎƘύΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ 

ƳŀƴǳŦŀŎǘǳǊŜΩ ǎ ǇǊƻǘƻŎƻƭΦ  

LƳƳǳƴƻōƭƻǘ 

      tǊƻǘŜƛƴ ǎŀƳǇƭŜǎ ǿŜǊŜ ǇǊŜǇŀǊŜŘ ŀƴŘ ǊŜǎƻƭǾŜŘ ōȅ ŜƭŜŎǘǊƻǇƘƻǊŜǎƛǎ ŀǎ ŘŜǎŎǊƛōŜŘ ŀōƻǾŜΦ ¢ƘŜ 

ǇǊƻǘŜƛƴǎ ƻƴ ǘƘŜ ƎŜƭ ǿŜǊŜ ŜƭŜŎ-ǘǊŀƴǎŦŜǊǊŜŘ ǘƻ ŀ t±5C ƳŜƳōǊŀƴŜ ό.ƛƻwŀŘύ ǿƛǘƘ ол ± ŎǳǊǊŜƴǘ 

ƻǾŜǊƴƛƎƘǘ ŀǘ п ƻ/ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ǎǘŀƴŘŀǊŘ ǇǊƻŎŜŘǳǊŜ ώнлсϐΦ ¢ƘŜ ƳŜƳōǊŀƴŜ ǿŀǎ ōƭƻŎƪŜŘ ǳǎƛƴƎ р҈ 

όǿκǾύ ŘǊƛŜŘ ƴƻƴ-Ŧŀǘ Ƴƛƭƪ όtǊƻǾƛƎƻ {ǳǇŜǊƳŀǊƪŜǘύ ƛƴ t.{ ǿƛǘƘ лΦм҈ όǾκǾύ ¢ǿŜŜƴ-нл όCƛǎƘŜǊύ ŀƴŘ 

ǇǊƻōŜŘ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ǇǊƛƳŀǊȅ ŀƴǘƛōƻŘƛŜǎ ŦƻǊ н Ƙ ŀǘ ǊƻƻƳ ǘŜƳǇŜǊŀǘǳǊŜΦ ¢ƘŜ ǇǊƛƳŀǊȅ ŀƴǘƛōƻŘƛŜǎ 

ŀƴŘ ǘƘŜ Řƛƭǳǘƛƻƴǎ ǳǎŜŘ ŀǊŜ ƭƛǎǘ ƘŜǊŜΥ 

!ƴǘƛōƻŘȅ  5ƛǎǘǊƛōǳǘƛƻƴ 5ƛƭǳǘƛƻƴ tǊƻǘŜƛƴ ŘŜǘŜŎǘŜŘ 

 !h·м aƛǘƻŎƘƻƴŘǊƛŀ мΥнлллл Alternative oxidase 1 (!ƎǊƛǎŜǊŀύ 

 .Lt 
Endoplasmic  

  Reticulum ό9wύ 
мΥнлл Binding immunoglobulin protein ό!ƎǊƛǎŜǊŀύ 

/ȅƭп /ȅǘƻǇƭŀǎƳ мΥмлллл /ȅǘƻǇƭŀǎƳƛŎ ǊƛōƻǎƻƳŜ 

[ол 

/ƘƭƻǊƻǇƭŀǎǘ 

мΥсллл [ŀǊƎŜ ǎǳōǳƴƛǘ ƻŦ ŎƘƭƻǊƻǇƭŀǎǘ ǊƛōƻǎƻƳŜ 

w./[ мΥпллл [ŀǊƎŜ ǎǳōǳƴƛǘ ƻŦ wǳōƛǎŎƻ 

w./{ мΥпллл {Ƴŀƭƭ ǎǳōǳƴƛǘ ƻŦ wǳōƛǎŎƻ 

¢ŀōƭŜ оΦнΥ ¢ƘŜ ǇǊƛƳŀǊȅ ŀƴǘƛōƻŘƛŜǎ ǳǎŜŘ ƛƴ ǘƘŜ ƛƳƳǳƴƻōƭƻǘ ŘŜǘŜŎǘƛƻƴΦ 

    !ŦǘŜǊ ǿŀǎƘƛƴƎ ǘƘŜ ƳŜƳōǊŀƴŜ ǘƘǊŜŜ ǘƛƳŜǎ ŦƻǊ мл Ƴƛƴ ŜŀŎƘ ǿƛǘƘ t.{¢ όbŀ/L мот ƳaΣ Y/L нΦт 

ƳaΣ bŀнIthп мл ƳaΣ YIнthп мΦу ƳaΣ ¢ǿŜŜƴ-нл лΦм҈ ώǾκǾϐύΣ ƛǘ ǿŀǎ ǇǊƻōŜŘ ǿƛǘƘ ǘƘŜ ŀƴǘƛ-Ǌŀōōƛǘ 

horseradish peroxidase conjugated (Iwtύ ǎŜŎƻƴŘŀǊȅ ŀƴǘƛōƻŘȅ όмΥмллллύ ŦƻǊ м Ƙ ŀǘ ǊƻƻƳ 
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ǘŜƳǇŜǊŀǘǳǊŜΦ Enhanced chemiluminescent (9/[ύ ǎǳōǎǘǊŀǘŜ όtƛŜǊŎŜύ ǿŀǎ ǳǎŜŘ ǘƻ ŘŜǘŜŎǘ ǘƘŜ Iwt 

ŜƴȊȅƳŜ ŀŎǘƛǾƛǘȅΦ ¢ƘŜ ŦƛƭƳ όIȅ.ƭƻǘ /[ύ ǘƘŀǘ ǿŀǎ ŜȄǇƻǎŜŘ ǘƻ ǘƘŜ 9/[ ǎƛƎƴŀƭ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ǿƛǘƘ ŀ 

ŘŜǾŜƭƻǇŜǊ όYƻŘŀƪύΦ  

LƳƳǳƴƻŦƭǳƻǊŜǎŎŜƴǘ ǎǘŀƛƴƛƴƎ ƻŦ ǇȅǊŜƴƻƛŘ  

    CǊŜǎƘƭȅ ƛǎƻƭŀǘŜŘ ǇȅǊŜƴƻƛŘǎ ŦǊƻƳ ŎŜƭƭǎ ƻǊ ŎƘƭƻǊƻǇƭŀǎǘǎ ǿŜǊŜ ŦƛȄŜŘ ƛƴ млл ƭ˃ .. ǿƛǘƘ п҈ όǿκǾύ 

ŦƻǊƳŀƭŘŜƘȅŘŜ ό.ƛƻ{ƘƻǇύ ŦƻǊ мл ƳƛƴΦ ¢ƘŜ ŦƛȄŜŘ ǇȅǊŜƴƻƛŘǎ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ōȅ ŎŜƴǘǊƛŦǳƎŀǘƛƻƴ ŀǘ 

млΣллл Ȅ Ǝ ŦƻǊ н ƳƛƴΦ tŜƭƭŜǘǎ ǿŜǊŜ ǿŀǎƘŜŘ ǿƛǘƘ .. ǘǿƛŎŜΣ ŀƴŘ ǘƘŜ ƳŀǘŜǊƛŀƭ ǿŀǎ ǊŜǎǳǎǇŜƴŘŜŘ ƛƴ 

млл ҡƭ .. ŀƴŘ ǘƘŜƴ ǇǊƻōŜŘ ǿƛǘƘ ŀƴǘƛōƻŘƛŜǎ ŀƎŀƛƴǎǘ w./[ όмΥмлллύ ƻǊ w./{ όмΥмлллύ ŦƻǊ тр Ƴƛƴ ŀǘ 

ǊƻƻƳ ǘŜƳǇŜǊŀǘǳǊŜΦ ¢ƘŜ ŎƻƴƧǳƎŀǘŜǎ ǿŜǊŜ ǿŀǎƘŜŘ ǿƛǘƘ .. ǘǿƛŎŜΣ ǇŜƭƭŜǘŜŘ ōȅ ŎŜƴǘǊƛŦǳƎŀǘƛƻƴΣ ŀƴŘ 

ǘƘŜƴ ǊŜǎǳǎǇŜƴŘŜŘ ƛƴ млл ҡƭ ..Φ !ƭŜȄŀ CƭǳƻǊ пуу Ǝƻŀǘ ŀƴǘƛ-Ǌŀōōƛǘ ǎŜŎƻƴŘŀǊȅ ŀƴǘƛōƻŘȅ όмΥнллΣ 

LƴǾƛǘǊƻƎŜƴύ ǿŀǎ ƛƴŎǳōŀǘŜŘ ǿƛǘƘ ǘƘŜ ǇȅǊŜƴƻƛŘ ǎǳǎǇŜƴǎƛƻƴ ŦƻǊ пр Ƴƛƴ ŀǘ ǊƻƻƳ ǘŜƳǇŜǊŀǘǳǊŜΦ ¢ƘŜ 

ǇȅǊŜƴƻƛŘ-ŀƴǘƛōƻŘȅ ŎƻƴƧǳƎŀǘŜǎ ǿŜǊŜ ǿŀǎƘŜŘ ŀƎŀƛƴ ƛƴ .. ŀƴŘ ǊŜǎǳǎǇŜƴŘŜŘ ƛƴ рл ƭ˃ ..Φ ¢ƘŜ ƭƛǉǳƛŘ 

ǎǳǎǇŜƴǎƛƻƴ ǿŀǎ ǎǇǊŜŀŘ ƻƴ ǘƘŜ Ǉƻƭȅ-ƭȅǎƛƴŜ ŎƻŀǘŜŘ ŎƻǾŜǊǎƭƛǇ ŀƴŘ ŀƛǊ-ŘǊƛŜŘ ŦƻǊ ŀōƻǳǘ р ƳƛƴΦ мо ƭ˃ 

ǇǊƻƭƻƴƎ ŀƴǘƛŦŀŘŜ ǎƻƭǳǘƛƻƴ όLƴǾƛǘǊƻƎŜƴύ ǿŀǎ ǎǇƻǘǘŜŘ ƻƴ ǘƘŜ ŎƻǾŜǊǎƭƛǇΣ ǿƘƛŎƘ ǿŀǎ ǘƘŜƴ ŀŦŦƛȄŜŘ ǘƻ ŀ 

ƳƛŎǊƻǎŎƻǇŜ ǎƭƛŘŜǎ ǳǎƛƴƎ ƴŀƛƭ ǇƻƭƛǎƘΣ ǿƘƛŎƘ ŀƭǎƻ ǎŜŀƭŜŘ ǘƘŜ ŜŘƎŜǎΦ {ǇŜŎƛƳŜƴǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ǿƛǘƘ 

ŀ [ŜƛŎŀ 5aL сллл ƳƛŎǊƻǎŎƻǇŜ ό[ŜƛŎŀ aƛŎǊƻǎȅǎǘŜƳǎύ ǿƛǘƘ ŀ со·κмΦп ƻōƧŜŎǘƛǾŜΣ ŀ IŀƳŀƳŀǘǎǳ 

hǊŎŀwн ŎŀƳŜǊŀΣ ŀƴŘ ±ƻƭƻŎƛǘȅ ŀŎǉǳƛǎƛǘƛƻƴ ǎƻŦǘǿŀǊŜ όtŜǊƪƛƴ-9ƭƳŜǊύ ƛƴ 5L/ ŀƴŘ DCt ŎƘŀƴƴŜƭΦ 

aŀǎǎ ǎǇŜŎǘǊƻƳŜǘǊȅ ŀƴŀƭȅǎƛǎ 

hǳǊ ŎƻƭƭŀōƻǊŀǘƻǊ 5ǊΦ {ǘŜǇƘŀƴ [ŜƳŀƛǊŜ ό/ǳǊƛŜ LƴǎǘƛǘǳǘŜΣ tŀǊƛǎύ ŀƴŘ ǘǿƻ ƳŜƳōŜǊǎ ƻŦ Ƙƛǎ ƎǊƻǳǇ 

ŎŀǊǊƛŜŘ ƻǳǘ ŀƭƭ ǘƘŜ Ƴŀǎǎ ǎǇŜŎǘǊƻƳŜǘǊȅ όa{ύ ŀƴŀƭȅǎŜǎ ŦǊƻƳ ǘƘŜ ǇȅǊŜƴƻƛŘ ǎŀƳǇƭŜǎΦ 

мύ /ƘŜƳƛŎŀƭǎ ŀƴŘ ŜƴȊȅƳŜǎ 

           tǊƻǘŜƻƳƛŎǎ ƎǊŀŘŜ ŜƴŘƻǇǊƻǘŜƛƴŀǎŜǎ ό[ȅǎ-/ ŀƴŘ ¢ǊȅǇǎƛƴ DƻƭŘύ ŀƴŘ tǊƻǘŜŀǎŜaŀȄ ǎǳǊŦŀŎǘŀƴǘ 
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ǿŜǊŜ ǇǳǊŎƘŀǎŜŘ ŦǊƻƳ tǊƻƳŜƎŀ ό/ƘŀǊōƻƴƴƛŝǊŜǎΣ CǊŀƴŎŜύΦ wŜǾŜǊǎŜŘ ǇƘŀǎŜ /му ǎǇƛƴ ŎƻƭǳƳƴǎΣ 

ǇǊŜŎƻƭǳƳƴǎ ŀƴŘ ŀƴŀƭȅǘƛŎŀƭ ŎƻƭǳƳƴǎ ǿŜǊŜ ŀƭƭ ƻōǘŀƛƴŜŘ ŦǊƻƳ ¢ƘŜǊƳƻ {ŎƛŜƴǘƛŦƛŎ ό[Ŝǎ ¦ƭƛǎΣ CǊŀƴŎŜύΦ 

{ƻƭǾŜƴǘǎ ŀƴŘ ƛƻƴ-ǇŀƛǊƛƴƎ ŀƎŜƴǘǎ ǿŜǊŜ ŎŜǊǘƛŦƛŜŘ [/-a{ ƎǊŀŘŜ ŀƴŘ ŀƭƭ ƻǘƘŜǊ ŎƘŜƳƛŎŀƭǎ ǿŜǊŜ 

ǇǳǊŎƘŀǎŜŘ ŦǊƻƳ {ƛƎƳŀ-!ƭŘǊƛŎƘ ό{ŀƛƴǘ-vǳŜƴǘƛƴ CŀƭƭŀǾƛŜǊΣ CǊŀƴŎŜύ ǿƛǘƘ ǘƘŜ ƘƛƎƘŜǎǘ ǇǳǊƛǘȅ ŀǾŀƛƭŀōƭŜΦ 

2) Digestion 

tȅǊŜƴƻƛŘ ǇŜƭƭŜǘǎ ǿŜǊŜ ǿŀǎƘŜŘ ǿƛǘƘ ǇǊŜŎƘƛƭƭŜŘ ŀŎŜǘƻƴŜ ŀƴŘ ƳŀƛƴǘŀƛƴŜŘ ŀǘ -нлϲ/ ŦƻǊ ŀǘ ƭŜŀǎǘ н 

ƘƻǳǊǎΦ !ŦǘŜǊ ŎŜƴǘǊƛŦǳƎŀǘƛƻƴ όнмΣрлл ƎΣ мл ƳƛƴΣ пϲ/ύΣ ǇŜƭƭŜǘǎ ǿŜǊŜ ŘƛǎǎƻƭǾŜŘ ƛƴ сл ҡ[ ƻŦ рл Ƴa 

ŀƳƳƻƴƛǳƳ ōƛŎŀǊōƻƴŀǘŜ ό!a.L/ύ ŎƻƴǘŀƛƴƛƴƎ сΦр a ǳǊŜŀΣ р Ƴa ŘƛǘƘƛƻǘƘǊŜƛǘƻƭ ό5¢¢ύ ŀƴŘ лΦлр҈ 

tǊƻǘŜŀǎŜa!· ǎǳǊŦŀŎǘŀƴǘ ŀǘ олϲ/ ŦƻǊ ол ƳƛƴΦ CǊŜŜ ŎȅǎǘŜƛƴŜǎ ǿŜǊŜ ŀƭƪȅƭŀǘŜŘ ōȅ ŀŘŘƛƴƎ мр Ƴa 

ƛƻŘƻŀŎŜǘŀƳƛŘŜ όL!aύ ŦƻǊ м ƘƻǳǊ ŀǘ нрϲ/ ƛƴ ǘƘŜ ŘŀǊƪΦ ¢ƘŜ ŜȄŎŜǎǎ ƻŦ L!a ǿŀǎ ǉǳŜƴŎƘŜŘ ōȅ нΦр 

Ƴa 5¢¢Φ tǊƻǘŜƛƴ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ǿŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ./! ŀǎǎŀȅ ǳǎƛƴƎ ōƻǾƛƴŜ ǎŜǊǳƳ ŀƭōǳƳƛƴ ŀǎ 

ǎǘŀƴŘŀǊŘΦ tǊƻǘŜƛƴǎ ǿŜǊŜ ŘƛƎŜǎǘŜŘ ŀǘ отϲ/ ŦƻǊ о ƘƻǳǊǎ ǿƛǘƘ [ȅǎ-/ ŜƴŘƻǇǊƻǘŜƛƴŀǎŜ ƛƴ ŀ мΥмлл όǿκǿύ 

ŜƴȊȅƳŜΥǎǳōǎǘǊŀǘŜ ǊŀǘƛƻΦ ¢ƘŜƴΣ прлҡ[ ƻŦ рл Ƴa !a.L/ ǿŜǊŜ ŀŘŘŜŘ ǘƻ ŘƛƭǳǘŜ ǳǊŜŀΦ {ŀƳǇƭŜǎ ǿŜǊŜ 

ŦǳǊǘƘŜǊ ƛƴŎǳōŀǘŜŘ ƻǾŜǊƴƛƎƘǘ ŀǘ отϲ/ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ƳƻŘƛŦƛŜŘ ǇƻǊŎƛƴ ǘǊȅǇǎƛƴŜ DƻƭŘ ƛƴ ŀ мΥрл 

όǿκǿύ ŜƴȊȅƳŜΥǎǳōǎǘǊŀǘŜ ǊŀǘƛƻΦ ¢ƘŜ ŘƛƎŜǎǘƛƻƴ ǿŀǎ ǎǘƻǇǇŜŘ ōȅ ŀŘŘƛǘƛƻƴ ƻŦ лΦм҈ ŦƻǊƳƛŎ ŀŎƛŘ όC!ύ 

ŀƴŘ ǇŜǇǘƛŘŜ ƳƛȄǘǳǊŜǎ ǿŜǊŜ ŎŜƴǘǊƛŦǳƎŜŘ ŦƻǊ ол Ƴƛƴ ŀǘ ƳŀȄƛƳǳƳ ǎǇŜŜŘ όнмΣрлл Ǝύ ŀǘ пϲ/Φ ¢ǊȅǇǘƛŎ 

ǇŜǇǘƛŘŜǎ ǇǊŜǎŜƴǘ ƛƴ ǎǳǇŜǊƴŀǘŀƴǘǎ ǿŜǊŜ ǘƘǳǎ ǎǳōƧŜŎǘŜŘ ǘƻ ŘŜǎŀƭǘƛƴƎ ǳǎƛƴƎ ǊŜǾŜǊǎŜŘ ǇƘŀǎŜ /му 

ǎǇƛƴ ŎƻƭǳƳƴǎ ŀǎ ǊŜŎƻƳƳŜƴŘŜŘ ōȅ ǘƘŜ ǎǳǇǇƭƛŜǊΦ  

3) Tandem mass spectrometry 

tŜǇǘƛŘŜ ƳƛȄǘǳǊŜǎ ǿŜǊŜ ǇǊŜǇŀǊŜŘ ƛƴ нл ҡ[ ƻŦ о҈ ŀŎŜǘƻƴƛǘǊƛƭŜ ό!/bύ ŎƻƴǘŀƛƴƛƴƎ лΦм҈ C! όǎƻƭǾŜƴǘ !ύ 

ŀƴŘ ŀƴŀƭȅȊŜŘ ƻƴ ŀ v-9ȄŀŎǘƛǾŜ tƭǳǎ ό¢ƘŜǊƳƻ CƛǎƘŜǊ {ŎƛŜƴǘƛŦƛŎΣ {ŀƴ WƻǎŞΣ /!Σ ¦{!ύ ŎƻǳǇƭŜŘ ǘƻ ŀ 
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tǊƻȄŜƻƴ 9ŀǎȅ ƴ[/ мллл ǊŜǾŜǊǎŜŘ ǇƘŀǎŜ ŎƘǊƻƳŀǘƻƎǊŀǇƘȅ ǎȅǎǘŜƳ ό¢ƘŜǊƳƻ CƛǎƘŜǊ {ŎƛŜƴǘƛŦƛŎΣ {ŀƴ 

WƻǎŞΣ /!Σ ¦{!ύ ǳǎƛƴƎ ŀ ōƛƴŀǊȅ ǎƻƭǾŜƴǘ ǎȅǎǘŜƳ ŎƻƴǎƛǎǘƛƴƎ ƻŦ ǎƻƭǾŜƴǘ ! ŀƴŘ ǎƻƭǾŜƴǘ . όлΦм҈ C! ƛƴ 

!/bύΦ рлл ƴƎ ƻŦ ǘǊȅǇǘƛŎ ŘƛƎŜǎǘǎ ǿŜǊŜ ƭƻŀŘŜŘ ƻƴ ŀƴ !ŎŎƭŀƛƳ tŜǇƳŀǇ /му ǇǊŜŎƻƭǳƳƴ όн ŎƳ Ȅ тр 

ҡƳ ƛΦŘΦΣ н ҡƳΣ млл )ύ ŜǉǳƛƭƛōǊŀǘŜŘ ƛƴ ǎƻƭǾŜƴǘ ! ŀƴŘ ǇŜǇǘƛŘŜǎ ǿŜǊŜ ǎŜǇŀǊŀǘŜŘ ƻƴ ŀƴ !ŎŎƭŀƛƳ 

tŜǇƳŀǇ /му ŀƴŀƭȅǘƛŎŀƭ ŎƻƭǳƳƴ όнр ŎƳ Ȅ тр ҡƳ ƛΦŘΦΣ н ҡƳΣ млл )ύ ŀǘ ŀ Ŏƻƴǎǘŀƴǘ Ŧƭƻǿ ǊŀǘŜ ƻŦ олл 

ƴ[κƳƛƴ ōȅ ǘǿƻ ǎǳŎŎŜǎǎƛǾŜ ƭƛƴŜŀǊ ƎǊŀŘƛŜƴǘǎ ƻŦ ǎƻƭǾŜƴǘ . ŦǊƻƳ л҈ ǘƻ нл҈ ƛƴ су ƳƛƴΣ ŦǊƻƳ нл҈ ǘƻ 

он҈ ƛƴ нн Ƴƛƴ ŀƴŘ ǘƘŜƴ ǳǇ ǘƻ ур҈ ƛƴ р Ƴƛƴ ŦƻƭƭƻǿŜŘ ōȅ ŀƴ ƛǎƻŎǊŀǘƛŎ ǎǘŜǇ ŀǘ ур҈ ŦƻǊ мл ƳƛƴΦ ¢ƘŜ 

ƛƴǎǘǊǳƳŜƴǘ ǿŀǎ ƻǇŜǊŀǘŜŘ ƛƴ ǇƻǎƛǘƛǾŜ ŀƴŘ Řŀǘŀ-ŘŜǇŜƴŘŜƴǘ ŀŎǉǳƛǎƛǘƛƻƴ ƳƻŘŜǎ ǿƛǘƘ ǎǳǊǾŜȅ ǎŎŀƴǎ 

ŀŎǉǳƛǊŜŘ ŀǘ ŀ ǊŜǎƻƭǳǘƛƻƴ ƻŦ тлΣллл όŀǘ ƳκȊ нлл 5ŀύ ǿƛǘƘ ŀ Ƴŀǎǎ ǊŀƴƎŜ ƻŦ ƳκȊ плл-мΣуллΦ !ŦǘŜǊ 

ŜŀŎƘ Ŧǳƭƭ-ǎŎŀƴ a{Σ ǳǇ ǘƻ мл ƻŦ ǘƘŜ Ƴƻǎǘ ƛƴǘŜƴǎŜ ǇǊŜŎǳǊǎƻǊ ƛƻƴǎ όŜȄŎŜǇǘ Ҍм ƻǊ ǳƴŀǎǎƛƎƴŜŘ ŎƘŀǊƎŜ 

ǎǘŀǘŜ ƛƻƴǎύ ǿŜǊŜ ŦǊŀƎƳŜƴǘŜŘ ƛƴ ǘƘŜ I/5 ŎŜƭƭ όƴƻǊƳŀƭƛȊŜŘ Ŏƻƭƭƛǎƛƻƴ ŜƴŜǊƎȅ ŦƛȄŜŘ ŀǘ нтύ ŀƴŘ ǘƘŜƴ 

ŘȅƴŀƳƛŎŀƭƭȅ ŜȄŎƭǳŘŜŘ ŦƻǊ сл ǎΦ !D/ ǘŀǊƎŜǘ ǿŀǎ ŦƛȄŜŘ ǘƻ оȄмлс ƛƻƴǎ ƛƴ a{ ŀƴŘ млр ƛƻƴǎ ƛƴ a{κa{ 

ǿƛǘƘ ŀ ƳŀȄƛƳǳƳ ƛƻƴ ŀŎŎǳƳǳƭŀǘƛƻƴ ǘƛƳŜ ǎŜǘ ǘƻ млл Ƴǎ ŦƻǊ a{ ŀƴŘ a{κa{ ŀŎǉǳƛǎƛǘƛƻƴǎΦ !ƭƭ ƻǘƘŜǊ 

ǇŀǊŀƳŜǘŜǊǎ ǿŜǊŜ ǎŜǘ ŀǎ ŦƻƭƭƻǿǎΥ ŎŀǇƛƭƭŀǊȅ ǘŜƳǇŜǊŀǘǳǊŜΣ нрлϲ/Τ {-ƭŜƴǎ wC ƭŜǾŜƭΣ слΤ ƛǎƻƭŀǘƛƻƴ 

ǿƛƴŘƻǿΣ н ¢ƘΦ !Ŏǉǳƛǎƛǘƛƻƴǎ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ǿƛǘƘ 9ȄŎŀƭƛōǳǊ ǎƻŦǘǿŀǊŜ ό¢ƘŜǊƳƻ CƛǎƘŜǊ {ŎƛŜƴǘƛŦƛŎΣ 

{ŀƴ WƻǎŞΣ /!Σ ¦{!ύ ŀƴŘ ǘƻ ƛƳǇǊƻǾŜ Ƴŀǎǎ ŀŎŎǳǊŀŎȅ ƻŦ Ŧǳƭƭ-ǎŎŀƴ a{ ǎǇŜŎǘǊŀΣ ŀ ǇŜǊƳŀƴŜƴǘ 

ǊŜŎŀƭƛōǊŀǘƛƻƴ ƻŦ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘ ǿŀǎ ŀƭƭƻǿŜŘ ǳǎƛƴƎ ǇƻƭȅŎȅŎƭƻŘƛƳŜǘƘȅƭǎƛƭƻȄŀƴŜ όό/нIс{ƛhύсΣ ƳκȊ 

ппрΦмнлло ¢Ƙύ ŀǎ ƭƻŎƪ ƳŀǎǎΦ  

4) Data analysis and database searches 

wŀǿ hǊōƛǘǊŀǇ Řŀǘŀ ǿŜǊŜ ǇǊƻŎŜǎǎŜŘ ǿƛǘƘ tǊƻǘŜƻƳŜ 5ƛǎŎƻǾŜǊŜǊ мΦп ǎƻŦǘǿŀǊŜ ό¢ƘŜǊƳƻ CƛǎƘŜǊ 

{ŎƛŜƴǘƛŦƛŎΣ {ŀƴ WƻǎŞΣ /!Σ ¦{!ύ ŀƴŘ ǎŜŀǊŎƘŜŘ ŀƎŀƛƴǎǘ ǘƘŜ b/.L ŘŀǘŀōŀǎŜ ǊŜǎǘǊƛŎǘŜŘ ǘƻ ǘƘŜ /Φ 

ǊŜƛƴƘŀǊŘǘƛƛ ǘŀȄƻƴƻƳȅ όомΣфмл ŜƴǘǊƛŜǎ ƻƴ нлмпΦлфΦлпύ ǳǎƛƴƎ ŀƴ ƛƴ-ƘƻǳǎŜ aŀǎŎƻǘ ǎŜŀǊŎƘ ǎŜǊǾŜǊ 
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όaŀǘǊƛȄ {ŎƛŜƴŎŜΣ [ƻƴŘƻƴΣ ¦YΤ ǾŜǊǎƛƻƴ нΦпύΦ aŀǎǎ ǘƻƭŜǊŀƴŎŜ ǿŀǎ ǎŜǘ ǘƻ мл ǇǇƳ ŦƻǊ ǘƘŜ ǇŀǊŜƴǘ ƛƻƴ 

Ƴŀǎǎ ŀƴŘ нл ƳƳǳ ŦƻǊ ŦǊŀƎƳŜƴǘǎ ŀƴŘ ǳǇ ǘƻ ǘǿƻ ƳƛǎǎŜŘ ŎƭŜŀǾŀƎŜǎ ǇŜǊ ǇŜǇǘƛŘŜ ǿŜǊŜ ŀƭƭƻǿŜŘΦ 

aŜǘƘƛƻƴƛƴŜ ƻȄƛŘŀǘƛƻƴΣ b-ǘŜǊƳƛƴŀƭ ŀŎŜǘȅƭŀǘƛƻƴ ƻŦ ǇŜǇǘƛŘŜǎ ŀƴŘ ŘŜŀƳƛŘŀǘƛƻƴ ƻŦ ŀǎǇŀǊŀƎƛƴŜ ŀƴŘ 

ƎƭǳǘŀƳƛƴŜ ǿŜǊŜ ǘŀƪŜƴ ƛƴǘƻ ŀŎŎƻǳƴǘ ŀǎ ǾŀǊƛŀōƭŜ ƳƻŘƛŦƛŎŀǘƛƻƴǎ ŀƴŘ ŎȅǎǘŜƛƴŜ 

ŎŀǊōŀƳƛŘƻƳŜǘƘȅƭŀǘƛƻƴ ŀǎ ŦƛȄŜŘ ƳƻŘƛŦƛŎŀǘƛƻƴΦ tŜǇǘƛŘŜ CŀƭǎŜ 5ƛǎŎƻǾŜǊȅ wŀǘŜǎ όC5wǎύ ǿŜǊŜ 

ŘŜǘŜǊƳƛƴŜŘ ōȅ ǎŜŀǊŎƘƛƴƎ ŀƎŀƛƴǎǘ ŀ ǊŜǾŜǊǎŜŘ ŘŜŎƻȅ ŘŀǘŀōŀǎŜ ŀƴŘ ǇŜǇǘƛŘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴǎ ǿŜǊŜ 

ŦƛƭǘŜǊŜŘ ŀǘ м҈ C5wΦ tǊƻǘŜƛƴǎ ǿŜǊŜ ǾŀƭƛŘŀǘŜŘ ƛŦ ǘƘŜȅ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘ ǿƛǘƘ ŀǘ ƭŜŀǎǘ ǘǿƻ ŘƛŦŦŜǊŜƴǘ 

ǇŜǇǘƛŘŜǎ ǇŀǎǎƛƴƎ ǘƘŜ ǇŜǇǘƛŘŜ C5w ŦƛƭǘŜǊΦ CƻǊ ŜŀŎƘ ŜȄǘǊŀŎǘ όa·-/²мрΤ {{-!¢Τ ²¢ŎŜƭƭΣ ²¢ŎǇύ ǘǿƻ 

ōƛƻƭƻƎƛŎŀƭ ǊŜǇƭƛŎŀǘŜǎ ŀƴŘ ǘǿƻ ŀƴŀƭȅǘƛŎŀƭ ǊŜǇƭƛŎŀǘŜǎ ǿŜǊŜ ŀƴŀƭȅȊŜŘΦ 

            In addition to the steps described above, I contributed substantially to the analyses and 

interpretation of the results. ¢ƘŜ ŘŜǘŀƛƭŜŘ ǇǊƻǘƻŎƻƭ ƻŦ ǘƘŜ a{ ŀƴŀƭȅǎŜǎ ƛǎ ǇǊƻǾƛŘŜŘ ƛƴ ǘƘŜ 

!ǇǇŜƴŘƛȄ ǎŜŎǘƛƻƴΦ ¢ƘŜ ŦǳƴŎǘƛƻƴŀƭ ŀƴŀƭȅǎƛǎ ǿŀǎ ŎŀǊǊƛŜŘ ƻǳǘ ōȅ Y9DD όƘǘǘǇΥκκǿǿǿΦƪŜƎƎΦƧǇύΣ .[!{¢ 

όƘǘǘǇΥκκōƭŀǎǘΦƴŎōƛΦƴƭƳΦƴƛƘΦƎƻǾκ.ƭŀǎǘΦŎƎƛύΣ Algal Functional Annotation Tool 

(http://pathways.mcdb.ucla.edu/algal/pathways.html) and PredAlgo (https://giavap-

genomes.ibpc.fr/cgi-bin/predalgodb.perl?page=main).  

оΦо wŜǎǳƭǘǎ 

3.3.1. Pyrenoids from the wild-type cells had RBCL and RBCS as two major proteinsΦ   

     ¢ƘŜ ǇŜƭƭŜǘǎ ŀŎǉǳƛǊŜŘ ŦǊƻƳ ŀ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴ όŀƳōƛŜƴǘ /hн ƻǊ р҈ /hнύ ŀƴŘ ǘǿƻ ǇȅǊŜƴƻƛŘ-

ŘŜŦƛŎƛŜƴǘ ǎǘŀƛƴǎ ǿŜǊŜ ŀƴŀƭȅȊŜŘ ōȅ ǎƛƭǾŜǊ ǎǘŀƛƴƛƴƎ όCƛƎ оΦнύΦ ¢ǿƻ ƳŀƧƻǊ ōŀƴŘǎ ŀǘ ǘƘŜ ǎƛȊŜ ŀǊƻǳƴŘ рр 

ƪ5ŀ ŀƴŘ мр ƪ5ŀ ǿŜǊŜ ǎŜŜƴ ƛƴ ǇȅǊŜƴƻƛŘ ǇŜƭƭŜǘ ƛǎƻƭŀǘŜŘ ŦǊƻƳ ǿƛƭŘ-ǘȅǇŜ ŎŜƭƭǎ ŎǳƭǘǳǊŜŘ ǿƛǘƘ ŀƳōƛŜƴǘ 

ŀƛǊ ƻǊ р҈ /hн όCƛƎ оΦнύΦ ¢ƘŜǎŜ ƳƻƭŜŎǳƭŀǊ Ƴŀǎǎ ǾŀƭǳŜǎ ǿŜǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘƻǎŜ ƻŦ w./[ ŀƴŘ 

w./{Σ ǘƘŜ ǘǿƻ ǇǊƻǘŜƛƴ ǎǳōǳƴƛǘǎ ƻŦ ǘƘŜ wǳōƛǎŎƻ ƘƻƭƻŜƴȊȅƳŜ ώнотϐΦ ¢ƘŜ ǇȅǊŜƴƻƛŘ ƛǎ ƪƴƻǿƴ ŀǎ ǘƘŜ 

http://pathways.mcdb.ucla.edu/algal/pathways.html
https://giavap-genomes.ibpc.fr/cgi-bin/predalgodb.perl?page=main
https://giavap-genomes.ibpc.fr/cgi-bin/predalgodb.perl?page=main
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ƳŀƧƻǊ ƭƻŎŀǘƛƻƴ ŦƻǊ wǳōƛǎŎƻ ώпрϐΦ ¢ƘŜ ŜƴǊƛŎƘƳŜƴǘ ƻŦ w./[ ŀƴŘ w./{ ƛƴ ǘƘŜ ǇŜƭƭŜǘ ƛƴŘƛŎŀǘŜŘ ǘƘŜ 

ǇƻǎǎƛōƭŜ ǎǳŎŎŜǎǎŦǳƭ ƛǎƻƭŀǘƛƻƴ ƻŦ ǇȅǊŜƴƻƛŘǎΦ !ƭǘƘƻǳƎƘ ǘƘƛǎ ŘƛŘ ƴƻǘ ǊŜǾŜŀƭ ǘƘŜ ǇǳǊƛǘȅ ƻŦ ǘƘŜ 

ǇȅǊŜƴƻƛŘΣ ƛǘ ǎƘƻǿŜŘ ǘƘŀǘ ǿŜ ƻōǘŀƛƴŜŘ ŀ ǇŜƭƭŜǘΣ ǿƘƛŎƘ ǿŀǎ ƘƛƎƘƭȅ ŜƴǊƛŎƘŜŘ ǿƛǘƘ wǳōƛǎŎƻ 

ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ άǘƻǇέ ŦǊŀŎǘƛƻƴ ǿƘƛŎƘ ǿŀǎ ŜȄǘǊŜƳŜƭȅ ŎƻƳǇƭŜȄ ƛƴ ƛǘǎ ǇǊƻǘŜƛƴ ŎƻƳǇƻǎƛǘƛƻƴ όCƛƎΦ 

оΦнύΦ ά¢ƻǇέ ŦǊŀŎǘƛƻƴ ƘŜǊŜ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ ǘƘŜ ǇǊƻǘŜƛƴ ŦǊŀŎǘƛƻƴ ŦǊƻƳ ǘƘŜ рлл ƭ˃ ǎǳǇŜǊƴŀǘŀƴǘ ŀōƻǾŜ 

ǘƘŜ tŜǊŎƻƭƭ ƎǊŀŘƛŜƴǘ ŀŦǘŜǊ ŎŜƴǘǊƛŦǳƎŀǘƛƻƴΦ  

      aƻǊŜƻǾŜǊΣ ƛƴ /Φ ǊŜƛƴƘŀǊŘǘƛƛΣ ǘƘŜ ǇȅǊŜƴƻƛŘ ƛǎ ƪƴƻǿƴ ǘƻ ƘŀǾŜ ǘƘŜ //a ŀƴŘ ƻǾŜǊ фл҈ wǳōƛǎŎƻ ƛǎ 

ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘ ǿƘŜƴ //a ƛǎ ƛƴŘǳŎŜŘ ώтлϐΦ /Ŝƭƭǎ ŎǳƭǘǳǊŜŘ ǳƴŘŜǊ ƘƛƎƘ /hн όр҈ύ ŎƻƴŘƛǘƛƻƴǎ ƘŀǾŜ 

ǎƳŀƭƭ ƻǊ ŜǾŜƴ ǊǳŘƛƳŜƴǘŀǊȅ ǇȅǊŜƴƻƛŘǎ ώтлϐΦ ¢ƘŜ ǇȅǊŜƴƻƛŘ ƛǎƻƭŀǘŜŘ ŦǊƻƳ ƘƛƎƘ /hн ŎǳƭǘǳǊŜŘ ǿƛƭŘ-

ǘȅǇŜ ǎǘǊŀƛƴ ǎƘƻǿŜŘ ƳǳŎƘ ƭƻǿŜǊ ƭŜǾŜƭǎ ƻŦ w./[ ŀƴŘ w./{ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ǘƘŜ ŀƳōƛŜƴǘ /hн ƎǊƻǿƴ 

ŎǳƭǘǳǊŜ όCƛƎ оΦнύ ώтлϐΦ 9ǉǳŀƭ ƴǳƳōŜǊǎ ƻŦ ŎŜƭƭǎ ƎǊƻǿƴ ƛƴ ŘƛŦŦŜǊŜƴǘ /hн ƭŜǾŜƭ ǿŜǊŜ ƭƻŀŘŜŘ ƻƴ tŜǊŎƻƭƭ 

ƎǊŀŘƛŜƴǘ ŦƻǊ ǇȅǊŜƴƻƛŘ ƛǎƻƭŀǘƛƻƴΦ ¢ƘŜ ŘƛŦŦŜǊŜƴŎŜ ƛƴ ǘƘŜ ŀƳƻǳƴǘǎ ƻŦ w./[ ŀƴŘ w./{ ƛƴ ǘƘŜ ǇŜƭƭŜǘ 

ŦǊŀŎǘƛƻƴ ŦǊƻƳ ŎŜƭƭǎ ŎǳƭǘǳǊŜŘ ǳƴŘŜǊ ƘƛƎƘ /hн ŎƻƴŘƛǘƛƻƴǎ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ŦŜǿŜǊ ǇȅǊŜƴƻƛŘǎ ǿŜǊŜ 

ŎƻƭƭŜŎǘŜŘ ŘǳŜ ǘƻ ǘƘŜƛǊ ǎƳŀƭƭŜǊ ǎƛȊŜΣ ƻǊ ǘƘŜǊŜ ƛǎ ƭŜǎǎ wǳōƛǎŎƻ ƛƴ ǘƘŜǎŜ ǇȅǊŜƴƻƛŘǎ ōŜŎŀǳǎŜ ǘƘŜȅ ƭŀŎƪ 

//aΣ ƻǊ ōƻǘƘΦ Lƴ ŀƴȅ ŎŀǎŜΣ ǘƘƛǎ ǊŜǎǳƭǘ ŦǳǊǘƘŜǊ ǎǳǇǇƻǊǘǎ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǇȅǊŜƴƻƛŘǎ ƛƴ ǘƘŜ ǇŜƭƭŜǘ 

ŦǊŀŎǘƛƻƴ ƻŦ ŎŜƭƭǎ ŦǊƻƳ ǘƘŜ ŀƳōƛŜƴǘ /hн ŎƻƴŘƛǘƛƻƴǎΦ 

          tŜƭƭŜǘ ŦǊŀŎǘƛƻƴǎ ǿŜǊŜ ŀƭǎƻ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘǿƻ ǇȅǊŜƴƻƛŘ-ŘŜŦƛŎƛŜƴǘ ǎǘǊŀƛƴǎΦ L ǳǎŜŘ ǘƘŜ ǎŀƳŜ 

ƳŜǘƘƻŘ ǘƻ ƻōǘŀƛƴ ǇŜƭƭŜǘ ŦǊŀŎǘƛƻƴ ŦǊƻƳ ŎŜƭƭǎ ƻŦ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ όǇȅǊŜƴƻƛŘ-ŎƻƴǘŀƛƴƛƴƎύ ǎǘǊŀƛƴ ŀƴŘ ǘƘŜ 

ǇȅǊŜƴƻƛŘ-ƭŜǎǎ ƳǳǘŀƴǘǎΦ ¢ƘŜ {{-!¢ Ƴǳǘŀƴǘ Ŏƻƴǘŀƛƴǎ wǳōƛǎŎƻ ƘƻƭƻŜƴȊȅƳŜ ōǳǘ ƛǘ ŘƻŜǎ ƴƻǘ ƘŀǾŜ 

ǇȅǊŜƴƻƛŘǎΣ ǿƘƛƭŜ a·оомнκŎǿмр Ŏƻƴǘŀƛƴǎ ƴŜƛǘƘŜǊ wǳōƛǎŎƻ ƴƻǊ ŀ ǇȅǊŜƴƻƛŘΦ LŦ ǘƘŜ w./[ ŀƴŘ w./{ 

ǘƘŀǘ L ŘŜǘŜŎǘŜŘ ƛƴ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴ όCƛƎΦ оΦнύ ǊŜǇǊŜǎŜƴǘŜŘ wǳōƛǎŎƻ ƘƻƭƻŜƴȊȅƳŜΣ L ǎƘƻǳƭŘ ŀƭǎƻ 

ŘŜǘŜŎǘ ǘƘŜƳ ƛƴ {{-!¢Φ /ƻƳǇŀǊŜŘ ǘƻ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴΣ ƻƴƭȅ ǘǊŀŎŜ ŀƳƻǳƴǘ ƻŦ w./[ ǿƛǘƘƻǳǘ w./{ 
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ǿŀǎ ŦƻǳƴŘ ƛƴ ǘƘŜ ǇŜƭƭŜǘ ŦǊƻƳ {{-!¢Φ .ƻǘƘ w./[ ŀƴŘ w./{ ōŀƴŘǎ ǿŜǊŜ ŀōǎŜƴǘ ƛƴ ǘƘŜ ǇŜƭƭŜǘ ƻŦ 

a·оомнκŎǿмр όCƛƎΦ оΦнύΦ ¢ƘǳǎΣ w./[ ŀƴŘ w./{ L Ǝƻǘ ƛƴ ǿƛƭŘ-ǘȅǇŜ ŎŜƭƭǎ ŎƻǳƭŘ ōŜ ŦǊƻƳ ƛǎƻƭŀǘŜŘ 

ǇȅǊŜƴƻƛŘΦ  
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CƛƎǳǊŜ оΦн tǊƻǘŜƛƴǎ ƛƴ ǘƘŜ ǘƻǇ ŀƴŘ ǇŜƭƭŜǘ ŦǊŀŎǘƛƻƴǎ ŦǊƻƳ ǇȅǊŜƴƻƛŘ-ŎƻƴǘŀƛƴƛƴƎ ǎǘǊŀƛƴ Y!с ŀƴŘ 

ǘǿƻ ǇȅǊŜƴƻƛŘ ŘŜŦƛŎƛŜƴǘ ǎǘǊŀƛƴǎΤ {{-!¢ ŀƴŘ a·оомнκŎǿмр ǿŜǊŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǎƛƭǾŜǊ ǎǘŀƛƴƛƴƎΦ  

¢ƘŜ ǇȅǊŜƴƻƛŘ ŦǊŀŎǘƛƻƴ ό[ŀƴŜ мύ ŦǊƻƳ Y!с ƎǊƻǿƴ ƛƴ ŀƳōƛŜƴǘ /hн ǿŀǎ ŜƴǊƛŎƘŜŘ ǿƛǘƘ w./[ ŀƴŘ 

w./{ ōǳǘ ƴƻǘ ƻǘƘŜǊ ǇǊƻǘŜƛƴǎ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ ǘƻǇ ŦǊŀŎǘƛƻƴ ό[ŀƴŜ нύΦ ¢ƘŜ ǇȅǊŜƴƻƛŘ-ŎƻƴǘŀƛƴƛƴƎ 

ǎǘǊŀƛƴ Y!с ƘŀŘ ƭŜǎǎ w./[ ŀƴŘ w./{ ƛƴ ǇŜƭƭŜǘ ŦǊŀŎǘƛƻƴ ŎǳƭǘǳǊŜŘ ǳƴŘŜǊ ƘƛƎƘ /hн ό[ŀƴŜ оύ ǘƘŀƴ 

ƴƻǊƳŀƭ /hн  ό[ŀƴŜ оύΦ ¢ǿƻ ǇȅǊŜƴƻƛŘ ŘŜŦƛŎƛŜƴǘ Ƴǳǘŀƴǘǎ ƘŀŘ ŀƭƳƻǎǘ ƴƻ w./[ ƻǊ w./{ ƛƴ ǘƘŜ ǇŜƭƭŜǘ 

ŦǊŀŎǘƛƻƴ ό[ŀƴŜ р ŀƴŘ тύΦ   
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CƛƎǳǊŜ оΦо LC ǎǘŀƛƴƛƴƎ ƻŦ ǇŜƭƭŜǘ ŦǊŀŎǘƛƻƴǎ ŦǊƻƳ Y!сΣ {{-!¢ ŀƴŘ a·оомнκŎǿмр ǊŜǾŜŀƭŜŘ ǘƘŜ 

ǇǊŜǎŜƴŎŜ ƻŦ ǇȅǊŜƴƻƛŘ ƛƴ Y!сΦ 

¢ƘŜ ǇŜƭƭŜǘǎ ǿŜǊŜ LC-ǎǘŀƛƴŜŘ ǿƛǘƘ w./[ όǊŜŘύ ƻǊ w./{ όƎǊŜŜƴύ ǎŜǇŀǊŀǘŜƭȅΦ !ύ Y!с ǎƘƻǿŜŘ ŎƛǊŎǳƭŀǊ 

ǎǘǊǳŎǘǳǊŜǎ ό5L/ύ ǿƛǘƘ ǎǘŀƛƴƛƴƎ ƻŦ ōƻǘƘ w./[ ŀƴŘ w./{ ƛƴ ǇŜƭƭŜǘ ŦǊŀŎǘƛƻƴΦ .ύ {Ƴŀƭƭ ǳƴŘŜŦƛƴŜŘ 

ǇŀǊǘƛŎƭŜǎ ǿŜǊŜ ŦƻǳƴŘ ƛƴ {{-!¢Φ ¢ƘŜȅ ƭŀŎƪŜŘ ǘƘŜ ǎǘŀƛƴƛƴƎ ƻŦ w./[ ƻǊ w./{Φ /ύ wƻǳƴŘ ŀƴŘ ǎƻƭƛŘ 

ǇŀǊǘƛŎƭŜǎ ǿŜǊŜ ŘŜǘŜŎǘŜŘ ƛƴ a·оомнκŎǿмрΦ {ƛƴŎŜ ǘƘŜȅ ǿŜǊŜ ƴƻǘ LC-ǎǘŀƛƴŜŘ ǿƛǘƘ ŜƛǘƘŜǊ w./[ ƻǊ 

w./{Σ ǘƘŜȅ ŎƻǳƭŘ ōŜ ƭŀǊƎŜ ǎǘǊƻƳŀ ǎǘŀǊŎƘ ƎǊŀƴǳƭŜǎΣ ǿƘƛŎƘ ǿŜǊŜ ŦƻǳƴŘ ƛƴ ǘƘƛǎ ǎǘǊŀƛƴ ōŜŦƻǊŜΦ 
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     ¢ƘŜ ǇŜƭƭŜǘ ŦǊŀŎǘƛƻƴǎ ŦǊƻƳ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴ ŀƴŘ ǘǿƻ Ƴǳǘŀƴǘǎ ǿŜǊŜ ŀƭǎƻ ŜȄŀƳƛƴŜŘ ōȅ ƭƛƎƘǘ 

ƳƛŎǊƻǎŎƻǇȅΦ ¢ƘŜ ǇŜƭƭŜǘ ŦǊŀŎǘƛƻƴ ŦǊƻƳ ǿƛƭŘ-ǘȅǇŜ ŎŜƭƭǎ ŎƻƴǘŀƛƴŜŘ ǎǇƘŜǊƛŎŀƭ ōƻŘƛŜǎ ǿƛǘƘ ŀ ǎƛƳƛƭŀǊ 

ǎƛȊŜ ŀǎ ǇȅǊŜƴƻƛŘǎΦ ¢ƘŜǎŜ ǿŜǊŜ ƛƴŘŜŜŘ ǇȅǊŜƴƻƛŘǎ ōŜŎŀǳǎŜ ǘƘŜȅ LC-ǎǘŀƛƴŜŘ ǿƛǘƘ ŀƴǘƛōƻŘƛŜǎ ŀƎŀƛƴǎǘ 

w./[ ŀƴŘ w./{ όCƛƎΦ оΦо !ύΦ ¢ƘŜ ŎƛǊŎǳƭŀǊ ǎǘǊǳŎǘǳǊŜ ǎǳǊǊƻǳƴŘƛƴƎ ǘƘŜƳ ŎƻǳƭŘ ōŜ ǘƘŜ ǎǘŀǊŎƘ ǎƘŜŀǘƘ 

ƻŦ ǇȅǊŜƴƻƛŘΣ ǿƘƛŎƘ ǿŀǎ ƛƴŘǳŎŜŘ ǳƴŘŜǊ ƭƻǿ /hн ŎƻƴŘƛǘƛƻƴ ŀƴŘ Ŏƻ-ǇŜƭƭŜǘŜŘ ǿƛǘƘ ǇȅǊŜƴƻƛŘΦ Lƴ 

ŀŘŘƛǘƛƻƴΣ ǘƘŜǎŜ ŦǊŀŎǘƛƻƴǎ ŎƻƴǘŀƛƴŜŘ ǎƻƳŜ ǳƴƛŘŜƴǘƛŦƛŜŘ ǎƳŀƭƭ ǇŀǊǘƛŎǳƭŀǘŜ ƳŀǘŜǊƛŀƭ όCƛƎ оΦо !ύΦ bƻǘ 

ŀƭƭ ǘƘŜ ǎǇƘŜǊƛŎŀƭ ōƻŘƛŜǎ ŦǊƻƳ ǿƛƭŘ-ǘȅǇŜ ŎŜƭƭǎ ǎƘƻǿŜŘ LC ǎǘŀƛƴƛƴƎ ƻŦ w./[ ŀƴŘ w./{Φ ¢Ƙŀǘ ƛǎ ŀ 

ǎǳƎƎŜǎǘƛƻƴ ƻŦ ŀ ƭŜŀƪŀƎŜ ƻŦ ǘƘŜ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǇȅǊŜƴƻƛŘ ŘǳǊƛƴƎ ǘƘŜ ƛǎƻƭŀǘƛƻƴ ŀƴŘκƻǊ LC ǎǘŀƛƴƛƴƎ 

ǇǊƻŎŜǎǎΣ ƻǊ ǘƘŜǊŜ ƛǎ ŀƴƻǘƘŜǊ ǘȅǇŜ ƻŦ ǎǘǊǳŎǘǳǊŜΣ Ǉƻǎǎƛōƭȅ ǎǘǊƻƳŀƭ ǎǘŀǊŎƘ ƎǊŀƴǳƭŜǎ ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘ 

ŦǊŀŎǘƛƻƴ ǿŜ ƛǎƻƭŀǘŜŘΦ ¢ƘŜǎŜ ǎǇƘŜǊƛŎŀƭ ǇȅǊŜƴƻƛŘǎ ǘƘŀǘ LC-ǎǘŀƛƴŜŘ ŦƻǊ w./[ ŀƴŘ w./{ ǿŜǊŜ ŀōǎŜƴǘ ƛƴ 

ǘƘŜ ǇŜƭƭŜǘǎ ŦǊƻƳ ǇȅǊŜƴƻƛŘ-ŘŜŦƛŎƛŜƴǘ ǎǘǊŀƛƴ {{-!¢ όCƛƎ оΦо .ύΦ IƻǿŜǾŜǊΣ L ǎŀǿ ŀ ƭƻǘ ƻŦ ǊƻǳƴŘΣ 

ǎǇƘŜǊƛŎŀƭ ōƻŘƛŜǎ ƛƴ ǘƘŜ ƻǘƘŜǊ ǇȅǊŜƴƻƛŘ-ŘŜŦƛŎƛŜƴǘ ǎǘǊŀƛƴ a·оомнκŎǿмрΦ ¢ƘŜǎŜ ǎǇƘŜǊƛŎŀƭ ōƻŘƛŜǎ 

ǿŜǊŜ ƴƻǘ LC-ǎǘŀƛƴŜŘ ǿƛǘƘ w./[ ƻǊ w./{ όCƛƎ оΦо /ύΦ /Ŝƭƭǎ ƻŦ a·оомнκŎǿмр ƴƻǊƳŀƭƭȅ ƘŀǾŜ ƳƻǊŜ 

ǘƘŀƴ ƻƴŜ ǊƻǳƴŘ ǎǘŀǊŎƘ ƎǊŀƴǳƭŜǎ ŀǎ ǎŜŜƴ ōȅ 5L/ ƳƛŎǊƻǎŎƻǇȅΦ ¢Ƙǳǎ L ǎǘǊƻƴƎƭȅ ǎǳǎǇŜŎǘ ǘƘŀǘ ǘƘŜǎŜ 

ǎǇƘŜǊƛŎŀƭ ƻōƧŜŎǘǎ ǿŜǊŜ ǎǘǊƻƳŀƭ ǎǘŀǊŎƘ ƎǊŀƴǳƭŜǎΦ ¢ƘŜ ŀōǎŜƴŎŜ ƻŦ ǇȅǊŜƴƻƛŘǎΤ ǎǇƘŜǊƛŎŀƭ ōƻŘƛŜǎ ǘƘŀǘ 

LC-ǎǘŀƛƴŜŘ ŦƻǊ w./[ ŀƴŘ w./{Σ ƛƴ ǘǿƻ ǇȅǊŜƴƻƛŘ-ŘŜŦƛŎƛŜƴǘ Ƴǳǘŀƴǘǎ ǊŜǾŜŀƭŜŘ ǘƘŀǘ ǘƘŜ ǇŜƭƭŜǘ 

ŦǊŀŎǘƛƻƴǎ ŦǊƻƳ ǘƘŜ ǘǿƻ Ƴǳǘŀƴǘǎ όa·оомнκŎǿмр ŀƴŘ {{-!¢ύ ŎƻǳƭŘ ōŜ ǳǎŜŦǳƭ ŦƻǊ ǘƘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ 

ƻŦ ŎƻƴǘŀƳƛƴŀƴǘǎ ōȅ ǘƘŜƛǊ ǎǳōǘǊŀŎǘƛƻƴ ŘǳǊƛƴƎ ǘƘŜ ǇǊƻǘŜƻƳŜΦ 

      ¦ƴŦƻǊǘǳƴŀǘŜƭȅΣ ǘƘŜ ƛƴƛǘƛŀƭ a{ ŀƴŀƭȅǎŜǎ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ ǇŜƭƭŜǘ ŦǊŀŎǘƛƻƴǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ ŎŜƭƭǎ 

ǎƘƻǿŜŘ ǘƘŀǘ Ƴŀƴȅ ǇǊƻǘŜƛƴǎ ŦƻǳƴŘ ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘ ǇŜƭƭŜǘǎ ǿŜǊŜ ƪƴƻǿƴ ǘƻ ōŜ ƛƴ ƻǘƘŜǊ ǎǳōŎŜƭƭǳƭŀǊ 

ŎƻƳǇŀǊǘƳŜƴǘǎ ƻŦ /Φ ǊŜƛƴƘŀǊŘǘƛƛ ό{ǳǇ CƛƎΦ оΦн {м ŀƴŘ {нύΦ ! ƳŀƧƻǊ ŎƘŀƭƭŜƴƎŜ ŦƻǊ ƻǳǊ ǇǊƻǘŜƻƳƛŎǎ 

ǿŀǎ ǘƻ ŦǳǊǘƘŜǊ ǇǳǊƛŦȅ ǘƘŜ ǇȅǊŜƴƻƛŘ ŦǊŀŎǘƛƻƴ ŦǊƻƳ ƳƛǘƻŎƘƻƴŘǊƛŀƭΣ ŎȅǘƻǇƭŀǎƳƛŎ ŀƴŘ ŎƘƭƻǊƻǇƭŀǎǘƛŎ 
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ŎƻƴǘŀƳƛƴŀƴǘǎΦ  

оΦоΦн /ƘƭƻǊƻǇƭŀǎǘǎ ƛǎƻƭŀǘƛƻƴ ƛƴŎǊŜŀǎŜǎ ǘƘŜ ǇǳǊƛǘȅ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘǎ ƛǎƻƭŀǘƛƻƴΦ 

    ¢ƘŜ ƭŜǾŜƭǎ ƻŦ ǘƘŜ ƳŀǊƪŜǊ ǇǊƻǘŜƛƴǎ ŦƻǊ ƳƛǘƻŎƘƻƴŘǊƛŀΣ ŎȅǘƻǇƭŀǎƳΣ 9w ŀƴŘ ŎƘƭƻǊƻǇƭŀǎǘ ǎƘƻǿŜŘ 

ǘƘŀǘ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ƛǎƻƭŀǘƛƻƴ ŜŦŦƛŎƛŜƴǘƭȅ ǊŜƳƻǾŜŘ Ƴƻǎǘ ǇǊƻǘŜƛƴǎ ŦǊƻƳ ǘƘŜǎŜ ŎƻƳǇŀǊǘƳŜƴǘǎΣ ōǳǘ 

ƳŀƛƴǘŀƛƴŜŘ Ƴƻǎǘ ŎƘƭƻǊƻǇƭŀǎǘ ŎƻƳǇƻƴŜƴǘǎ όCƛƎ оΦп !ύΦ ¢ƘŜ 9w ƳŀǊƪŜǊ .Lt ǎƛƎƴŀƭ ŘŜŎǊŜŀǎŜŘ ǘƻ 

моΦт҈ ƻŦ ǘƘŜ ǿƘƻƭŜ ŎŜƭƭ ƭŜǾŜƭ ǿƘƛƭŜ ǘƘŜ ǎƛƎƴŀƭ ƻŦ ƳƛǘƻŎƘƻƴŘǊƛŀ ƳŀǊƪŜǊ !h·м ŀƴŘ ŎȅǘƻǇƭŀǎƳƛŎ 

ƳŀǊƪŜǊ /ȅƭп ŘŜǎŎŜƴŘŜŘ ŜǾŜƴ ƭƻǿŜǊ ƛƴ ŎƘƭƻǊƻǇƭŀǎǘΥ сΦс҈ ŀƴŘ лΦн҈ ƻŦ ǘƘŜ ŎŜƭƭ ƭŜǾŜƭ ǊŜǎǇŜŎǘƛǾŜƭȅΦ 

hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǘǿƻ ŎƘƭƻǊƻǇƭŀǎǘ ƳŀǊƪŜǊǎΥ ŀ ǊƛōƻǎƻƳŀƭ ǇǊƻǘŜƛƴ ƻŦ ǘƘŜ рл{ ǎǳōǳƴƛǘ ƻŦ ǘƘŜ 

ŎƘƭƻǊƻǇƭŀǎǘ ǊƛōƻǎƻƳŜ ŀƴŘ w./[ ǎƘƻǿŜŘ ƭŜǎǎ ǘƘŀƴ нл҈ ƭƻǎǎ ƛƴ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ǎŀƳǇƭŜǎ ŎƻƳǇŀǊŜŘ 

ǿƛǘƘ ǿƘƻƭŜ ŎŜƭƭ ǎŀƳǇƭŜǎΦ /ƘƭƻǊƻǇƭŀǎǘ ōǊŜŀƪŀƎŜ Ƴŀȅ ōŜ ǘƘŜ ǊŜŀǎƻƴ ƻŦ ǘƘŜ ǇŀǊǘƛŀƭ ƭƻǎǎ ƻŦ ǘƘŜ 

ǎƻƭǳōƭŜ ŎƻƴǘŜƴǘǎΦ tȅǊŜƴƻƛŘǎ ǿŜǊŜ ƛǎƻƭŀǘŜŘ ŦǊƻƳ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘǎ ŀƴŘ ǘƘŜ ǇǊƻǘŜƛƴǎ ƛƴ ǘƘƛǎ ǇŜƭƭŜǘ 

ŦǊŀŎǘƛƻƴ ǿŜǊŜ ŜȄŀƳƛƴŜŘ ōȅ ǎƛƭǾŜǊ ǎǘŀƛƴƛƴƎΦ Lǘ ǎŜŜƳŜŘ ǘƘŀǘ ǘƘŜ w./[ ŀƴŘ w./{ ǎƛƎƴŀƭǎ ǿŜǊŜ ƳƻǊŜ 

ƛƴǘŜƴǎŜ ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘǎ ƛǎƻƭŀǘŜŘ ŦǊƻƳ ŎƘƭƻǊƻǇƭŀǎǘǎ ǘƘŜƴ ǘƘƻǎŜ ƛǎƻƭŀǘŜŘ ŦǊƻƳ ŎŜƭƭǎ όŎƻƳǇŀǊŜ 

ƭŀƴŜǎ м ŀƴŘ о ƛƴ CƛƎ оΦп .ύΦ Lƴ ŘŜŜŘΣ ǎƻƳŜ ōŀƴŘǎΣ ǿƘƛŎƘ ŀǊŜ ŀōǎŜƴǘ ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘ ƛǎƻƭŀǘŜŘ ŦǊƻƳ 

ŎŜƭƭǎ ǎƘƻǿŜŘ ǳǇ ƛƴ ǘƘŀǘ ŦǊƻƳ ŎƘƭƻǊƻǇƭŀǎǘǎΦ ¢Ƙƛǎ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ƛǎƻƭŀǘƛƻƴ ǿŀǎ 

ōŜƴŜŦƛŎƛŀƭ ŦƻǊ ōƻǘƘ ǇǳǊƛǘȅ ŀƴŘ ȅƛŜƭŘ ƻŦ ǇȅǊŜƴƻƛŘǎΦ ¢ƘŜ ǇǊƻǘŜƛƴ ǇŀǘǘŜǊƴ ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘǎ ƛǎƻƭŀǘŜŘ 

ŦǊƻƳ ŎƘƭƻǊƻǇƭŀǎǘǎ ǿŀǎ ǎƭƛƎƘǘƭȅ ŘƛŦŦŜǊŜƴǘ ŦǊƻƳ ǘƘŀǘ ƛƴ ǿƘƻƭŜ ŎŜƭƭǎ ƻƴ ǘƘŜ ǎƛƭǾŜǊ ǎǘŀƛƴƛƴƎ ƎŜƭ όCƛƎ оΦп 

.ύΣ ǿƘƛŎƘ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ ŎƘƭƻǊƻǇƭŀǎǘ ƛǎƻƭŀǘƛƻƴ ƛƴŘŜŜŘ ǊŜƳƻǾŜŘ ǎƻƳŜ ŎƻƴǘŀƳƛƴŀƴǘ ǇǊƻǘŜƛƴǎ ƛƴ 

ǇȅǊŜƴƻƛŘ ǇŜƭƭŜǘΦ  
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CƛƎǳǊŜ оΦп /ƘƭƻǊƻǇƭŀǎǘ ƛǎƻƭŀǘƛƻƴ ǇǊƛƻǊ ǘƻ ǇȅǊŜƴƻƛŘ ǇǳǊƛŦƛŎŀǘƛƻƴ ƛƴŎǊŜŀǎŜŘ ǘƘŜ ǇǳǊƛǘȅ ƻŦ ǇȅǊŜƴƻƛŘ 

ŦǊŀŎǘƛƻƴΦ 

!ύ LƳƳǳƴƻōƭƻǘ ŜȄǇŜǊƛƳŜƴǘǎ ǎƘƻǿŜŘ ǘƘŀǘ ŎƘƭƻǊƻǇƭŀǎǘ ƛǎƻƭŀǘƛƻƴ ǊƛŘ Ƴƻǎǘ ŎƻƴǘŀƳƛƴŀǘƛƻƴ ŦǊƻƳ 9w 

ό.LtύΣ ƳƛǘƻŎƘƻƴŘǊƛŀ ό!h·ύ ŀƴŘ ŎȅǘƻǇƭŀǎƳ όŎȅƭпύ ǿƘƛƭŜ ƪŜǇǘ Ƴƻǎǘ ƻŦ ŎƘƭƻǊƻǇƭŀǎǘ ŎƻƴǘŜƴǘ όw./[ 

ŀƴŘ ƭŀǊƎŜ ǊƛōƻǎƻƳŀƭ ǇǊƻǘŜƛƴ рл{ύΦ .ύ tȅǊŜƴƻƛŘ ŦǊŀŎǘƛƻƴ ƛǎƻƭŀǘŜŘ ŦǊƻƳ ŎƘƭƻǊƻǇƭŀǎǘ ǎƘƻǿŜŘ ƳƻǊŜ 

ŜƴǊƛŎƘƳŜƴǘ ƻŦ w./[ ŀƴŘ w./[ ό[ŀƴŜ оύ ǘƘŀƴ ǘƘŀǘ ŦǊƻƳ ǿƘƻƭŜ ŎŜƭƭǎ ό[ŀƴŜ мύΦ ¢ƘŜ ǇǊƻǘŜƛƴ ǇŀǘǘŜǊƴ 

ŦǊƻƳ ŎƘƭƻǊƻǇƭŀǎǘ ƛǎ ŀƭǎƻ ŘƛŦŦŜǊŜƴǘ ŦǊƻƳ ŎŜƭƭǎ ό[ŀƴŜ оύΦ  

! 

. 
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оΦоΦо !ƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭ ŀƴƴƻǘŀǘƛƻƴ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜ ǊŜǾŜŀƭŜŘ ǇƻǎǎƛōƭŜ 

ŦǳƴŎǘƛƻƴǎ ƻŦ ǘƘƛǎ ŎƻƳǇŀǊǘƳŜƴǘΦ 

мύ /ƘƭƻǊƻǇƭŀǎǘ ƛǎƻƭŀǘƛƻƴ ŀƴŘ ǎǳōǘǊŀŎǘƛƻƴ ǿƛǘƘ ǘǿƻ ǇȅǊŜƴƻƛŘ-ŘŜŦƛŎƛŜƴǘ Ƴǳǘŀƴǘǎ ƛƳǇǊƻǾŜŘ ǘƘŜ 

ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜΦ    

       tŜƭƭŜǘ ŦǊŀŎǘƛƻƴǎ ŦǊƻƳ ǿƛƭŘ-ǘȅǇŜ ŎŜƭƭǎ ŀƴŘ ŎƘƭƻǊƻǇƭŀǎǘǎΣ ŀƴŘ ŎŜƭƭǎ ƻŦ a·оомнκŎǿмр ŀƴŘ {{-!¢ 

ǿŜǊŜ ŀƴŀƭȅȊŜŘ ōȅ Ƴŀǎǎ ǎǇŜŎǘǊƻƳŜǘǊȅ ƛƴ ǘǿƻ ōƛƻƭƻƎƛŎŀƭ ǊŜǇƭƛŎŀǘŜǎ ό{м ŀƴŘ {нύΦ ¢ǿƻ ǘŜŎƘƴƛŎŀƭ 

ǊŜǇƭƛŎŀǘŜ ŀƴŀƭȅǎŜǎ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ƻƴ ŜŀŎƘ ōƛƻƭƻƎƛŎŀƭ ǊŜǇƭƛŎŀǘŜ ǎŀƳǇƭŜ ŀƴŘ ǘƘŜǎŜ ǊŜǎǳƭǘǎ ǿŜǊŜ 

ǇƻƻƭŜŘ  όCƛƎ оΦрύΦ ¢ƘŜƴΣ ǘƘŜ ǊŜǎǳƭǘƛƴƎ ǇŜƭƭŜǘ ǇǊƻǘŜƻƳŜǎ ŦǊƻƳ ǘƘŜ ǘǿƻ Ƴǳǘŀƴǘǎ ǿŜǊŜ ǎǳōǘǊŀŎǘŜŘ 

ŦǊƻƳ ǘƘŜ ǇǊƻǘŜƻƳŜ ƻŦ ǘƘŜ ǇŜƭƭŜǘ ŦǊŀŎǘƛƻƴ ŦǊƻƳ ǘƘŜ Y!с όǇȅǊŜƴƻƛŘ-ŎƻƴǘŀƛƴƛƴƎύ ǎǘǊŀƛƴΦ CƛƴŀƭƭȅΣ мтф 

ǇǊƻǘŜƛƴǎ ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ƻǳǊ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜ όCƛƎΦ оΦрύΦ  

      wŜǎǳƭǘǎ ƻŦ Ƴŀǎǎ ǎǇŜŎǘǊƻƳŜǘǊȅ ŎƻƴŦƛǊƳŜŘ ǘƘŀǘ ǘƘŜ ƛǎƻƭŀǘƛƻƴ ƻŦ ŎƘƭƻǊƻǇƭŀǎǘǎ ōŜŦƻǊŜ ǇȅǊŜƴƻƛŘ 

ǇǳǊƛŦƛŎŀǘƛƻƴ ƎŜǘ ǊƛŘ ƻŦ Ƴŀƴȅ ŎƻƴǘŀƳƛƴŀǘƛƴƎ ǇǊƻǘŜƛƴǎΦ hŦ ǘƘŜ мтн ǇǊƻǘŜƛƴǎ ƛŘŜƴǘƛŦƛŜŘ ƛƴ ǇŜƭƭŜǘ 

ŦǊŀŎǘƛƻƴǎ ŦǊƻƳ ǿƛƭŘ-ǘȅǇŜ ŎŜƭƭǎΣ ƻƴƭȅ онΦс҈ ǿŜǊŜ ǇǊŜŘƛŎǘŜŘ ǘƻ ōŜ ŎƘƭƻǊƻǇƭŀǎǘ ǘŀǊƎŜǘŜŘ ōȅ tǊŜŘ!ƭƎƻ 

ŀƴŀƭȅǎƛǎΦ ¢Ƙƛǎ ǇǊƻǇƻǊǘƛƻƴ ƛƴŎǊŜŀǎŜŘ ǘƻ руΦм҈ ƛƴ ǘƘŜ ǇǊƻǘŜƛƴǎ ƛŘŜƴǘƛŦƛŜŘ ƛƴ ǘƘŜ ǇŜƭƭŜǘ ŦǊŀŎǘƛƻƴ ŦǊƻƳ 

ƛǎƻƭŀǘŜŘ ŎƘƭƻǊƻǇƭŀǎǘǎ ό{ǳǇ CƛƎΦ оΦоύΦ ¢ƘŜ ŀŎǘǳŀƭ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ŎƘƭƻǊƻǇƭŀǎǘ-ǘŀǊƎŜǘŜŘ ǇǊƻǘŜƛƴ ƛǎ ŜǾŜƴ 

ƘƛƎƘŜǊ ōŜŎŀǳǎŜ tǊŜŘ!ƭƎƻ ƛǎ ƪƴƻǿƴ ǘƻ ŎƭŀǎǎƛŦȅ Ƴŀƴȅ ƪƴƻǿƴ ŎƘƭƻǊƻǇƭŀǎǘ ǇǊƻǘŜƛƴǎ ŀǎ h όƻǘƘŜǊύ ƻǊ 

a όaƛǘƻŎƘƻƴŘǊƛŀύΦ 
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CƛƎǳǊŜ оΦр Cƭƻǿ ŎƘŀǊǘ ǘƻ ǎƘƻǿ Ƙƻǿ ǘƘŜ Ŧƛƴŀƭ ƭƛǎǘ ƻŦ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƛƴǎ ǿŜǊŜ ŀŎǉǳƛǊŜŘΦ 

tǊƻǘŜƛƴǎ ƛƴ ǘǿƻ ǘŜŎƘƴƛŎŀƭ ǊŜǇƭƛŎŀǘŜǎ ŦǊƻƳ ǎŀƳŜ ǎŀƳǇƭŜ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘ ŀƴŘ ǘƘŜ ǊŜǎǳƭǘǎ ǿŜǊŜ Ǉǳǘ 

ǘƻƎŜǘƘŜǊ ǘƻ ƎŜƴŜǊŀǘŜ ŀ ǇǊƻǘŜƛƴ Ǉƻƻƭ ŦƻǊ ǘƘƛǎ ǎŀƳǇƭŜΦ ¢ƘŜ ǇǊƻǘŜƛƴǎ ǎƘƻǿŜŘ ŀƭǎƻ ƛƴ ǘƘŜ ǇŜƭƭŜǘ ƻŦ Y! 

ŎŜƭƭǎΣ {{-!¢ ŀƴŘ a·оомнκŎǿмр ǿŜǊŜ ǎǳōǘǊŀŎǘŜŘ ƻǳǘ ŦǊƻƳ Y!с ŎƘƭƻǊƻǇƭŀǎǘ ǎŀƳǇƭŜΦ ¢ǿƻ ōƛƻƭƻƎƛŎŀƭ 

ǊŜǇƭƛŎŀǘŜ ǎŀƳǇƭŜǎ {м ŀƴŘ {м ǿŜǊŜ ŎƭŀǎǎƛŦƛŜŘ ƛƴ ǘƘƛǎ ǿŀȅ ŀƴŘ ǘǿƻ Ǉƻƻƭǎ ǿƛǘƘ ǘƘŜ ǇǊƻǘŜƛƴǎ ƻƴƭȅ 

ƛŘŜƴǘƛŦƛŜŘ ƛƴ ǇŜƭƭŜǘ ŦǊŀŎǘƛƻƴ ƻŦ Y!с ŎƘƭƻǊƻǇƭŀǎǘ ǿŜǊŜ ŎƻƳōƛƴŜŘ ǘƻƎŜǘƘŜǊ ŀǎ ŀ Ŧƛƴŀƭ ǇȅǊŜƴƻƛŘ 

ǇǊƻǘŜƻƳŜΦ  

 

179 Proteins 
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       !ƴŀƭȅǎŜǎ ƻŦ ǘƘŜ ǇŜƭƭŜǘ ŦǊŀŎǘƛƻƴǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ǘǿƻ ǇȅǊŜƴƻƛŘ-ŘŜŦƛŎƛŜƴǘ Ƴǳǘŀƴǘǎ ƛƴŘŜŜŘ 

ƛŘŜƴǘƛŦȅ Ƴŀƴȅ ŎƻƴǘŀƳƛƴŀǘƛƴƎ ǇǊƻǘŜƛƴǎ ŦƻǊ ǎǳōǘǊŀŎǘƛƻƴ ŦǊƻƳ ǇŜƭƭŜǘ ŦǊŀŎǘƛƻƴ ŦǊƻƳ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴ 

ǘƻ ƎƛǾŜ ƻǳǊ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜΦ IƻǿŜǾŜǊΣ ǎŜǾŜǊŀƭ ƪƴƻǿƴ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƛƴǎ ǿŜǊŜ ŀƭǎƻ ǊŜƳƻǾŜŘ 

ŦǊƻƳ ǘƘŜ ƭƛǎǘ ōȅ ǘƘƛǎ ǎǳōǘǊŀŎǘƛƻƴΣ ŜΦƎΦ w./[ ŀƴŘ wǳōƛǎŎƻ ŀŎǘƛǾŀǎŜ ώнсϐΦ ¢Ƙƛǎ ǿŀǎ ŘǳŜ ǘƻ ŀ ǘǊŀŎŜ 

ŀƳƻǳƴǘ ƻŦ w./[ ǿŀǎ ŘŜǘŜŎǘŜŘ ƛƴ {{-!¢ ǎǘǊŀƛƴ ƻƴ ǎƛƭǾŜǊ ǎǘŀƛƴƛƴƎ ƎŜƭΦ w./[ ƛǎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ 

ŀōǳƴŘŀƴǘ ǇǊƻǘŜƛƴǎ ƛƴ Ǉƭŀƴǘǎ όCƛƎ оΦнύΦ aƻǊŜƻǾŜǊΣ w./[ ƛǎ ƪƴƻǿƴ ǘƻ ŀƎƎǊŜƎŀǘŜ ǿƛǘƘ ƻǘƘŜǊ ǇǊƻǘŜƛƴǎ 

ŀƴŘ ŀ ŦǊŀŎǘƛƻƴ ƻŦ ǘƘŜ ǘƻǘŀƭ Ǉƻƻƭ ƛǎ ƪƴƻǿƴ ǘƻ ōŜŎƻƳŜ ƛƴǎƻƭǳōƭŜ ƛƴ ¢Ǌƛǘƻƴ ·-млл ǘǊŜŀǘƳŜƴǘ όCƛƎΦ пΣ 

!ǇǇŜƴŘƛȄ LLύ ώноуϐΦ wǳōƛǎŎƻ ŀŎǘƛǾŀǎŜ ǿŀǎ ŀƭǎƻ ŦƻǳƴŘ ƛƴ ǘƘŜ ŀƎƎǊŜƎŀǘƛƻƴ ǳƴŘŜǊ ǎǘǊŜǎǎ ŀƴŘ ƛǘ ƛǎ ŀƭǎƻ 

ŀōǳƴŘŀƴǘ ώнофϐΦ ¢ƘǳǎΣ ŘŜǘŜŎǘƛƻƴ ƻŦ w./[ ŀƴŘ wǳōƛǎŎƻ ŀŎǘƛǾŀǎŜ ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘ-ŘŜŦƛŎƛŜƴǘ Ƴǳǘŀƴǘǎ 

ŘǳŜ ǘƻ ǘƘŜƛǊ ŀōǳƴŘŀƴŎŜ ƻǊ ŀōƛƭƛǘȅ ǘƻ ŀƎƎǊŜƎŀǘŜ ŎƻǳƭŘ ƴƻǘ ŜƭƛƳƛƴŀǘŜ ǘƘŜƛǊ ŀǇǇŜŀǊŀƴŎŜ ƛƴ ǘƘŜ 

ǇȅǊŜƴƻƛŘΦ ¢Ƙƛǎ ŀƭǎƻ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ ƻǳǊ ǎǳōǘǊŀŎǘƛƻƴ ƳŜǘƘƻŘ ǿŀǎ ǾŜǊȅ ǎǘǊƛƴƎŜƴǘ ŀƴŘ ƻǳǊ ǇȅǊŜƴƻƛŘ 

ǇǊƻǘŜƻƳŜΣ ǿƘƛƭŜ ǇŀǊǘƛŀƭΣ ƘŀǾŜ ǇǊƻǘŜƛƴǎ ǘƘŀǘ ŀǊŜ ƛŘŜƴǘƛŦƛŜŘ ǿƛǘƘ ƘƛƎƘ ŎƻƴŦƛŘŜƴŎŜΦ 

нύ CǳƴŎǘƛƻƴŀƭ ŀƴƴƻǘŀǘƛƻƴ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜΦ 

       !ƳƻƴƎ ǘƘŜ мтф ǇǊƻǘŜƛƴǎ ǘƘŀǘ ǿŜ ƛŘŜƴǘƛŦƛŜŘ ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜΣ ǘƘŜǊŜ ǿŜǊŜ ммр 

ǇǊƻǘŜƛƴǎ ƻŦ ƪƴƻǿƴ ŦǳƴŎǘƛƻƴǎΣ ŀƴŘ сп ƘŀǾŜ ǳƴƪƴƻǿƴ ŦǳƴŎǘƛƻƴǎ ό{ǳǇ CƛƎ оΦпύΦ  Y9DD ŀƴŀƭȅǎŜǎ 

ŎƭŀǎǎƛŦƛŜŘ ǘƘŜ ммр ǇǊƻǘŜƛƴǎ ƛƴǘƻ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƭŜǾŜƭ ƻƴŜ ŎŀǘŜƎƻǊƛŜǎΤ άaŜǘŀōƻƭƛǎƳέ όтн ǇǊƻǘŜƛƴǎύΣ 

άDŜƴŜǘƛŎ ƛƴŦƻǊƳŀǘƛƻƴ ǇǊƻŎŜǎǎƛƴƎέ όоу ǇǊƻǘŜƛƴǎύΣ ά{ǘǊŜǎǎ ǊŜǎǇƻƴǎŜκwŜŘƻȄ ƘƻƳŜƻǎǘŀǎƛǎέ όм 

ǇǊƻǘŜƛƴύΣ ά/ŜƭƭǳƭŀǊ ǇǊƻŎŜǎǎέ όм ǇǊƻǘŜƛƴύΣ ά9ƴǾƛǊƻƴƳŜƴǘŀƭ LƴŦƻǊƳŀǘƛƻƴ tǊƻŎŜǎǎƛƴƎέ όо ǇǊƻǘŜƛƴǎύ 

όCƛƎΦ оΦсΣ {ǳǇ CƛƎΦ оΦпύΦ ¢ƘŜ Y9DD ǇŀǘƘǿŀȅǎ ǿŜǊŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǘƘŜ ƛƴǘŜǊŀŎǘƛƻƴǎ ōŜǘǿŜŜƴ 

ƳƻƭŜŎǳƭŜǎ ŀƴŘ ƴŜǘǿƻǊƪ ǊŜŀŎǘƛƻƴǎΦ Lƴ Y9DD ƭŜǾŜƭ ƻƴŜ ƎǊƻǳǇǎΣ ǇǊƻǘŜƛƴǎ ǿŜǊŜ ǎŜǇŀǊŀǘŜŘ ǘƻ ƳƻǊŜ 

ŘŜŦƛƴŜŘ ǎǳō-ƎǊƻǳǇǎ ōŀǎŜŘ ƻƴ ŦǳƴŎǘƛƻƴǎ όCƛƎΦ оΦсΣ {ǳǇ CƛƎ оΦпύΦ !ƭƭ мр ǎǳō-ƎǊƻǳǇǎ ǿƛǘƘ ǘƘŜƛǊ 

ŎƻƳǇƻƴŜƴǘǎ ǿŜǊŜ ƭƛǎǘŜŘ ƛƴ ŎƻƭƻǊŜŘ ŎƛǊŎƭŜǎ ƛƴ CƛƎΦ оΦтΦ ¢ƘŜ ŎƻƭƻǊ ŘƛŦŦŜǊŜƴŎŜ ƛƴ ǘƘŜ ǎŀƳŜ ǎǳō-ƎǊƻǳǇ 
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ƛƴŘƛŎŀǘŜŘ ƳƻǊŜ ŘŜǘŀƛƭŜŘ ƭŜǾŜƭ ƻŦ ŦǳƴŎǘƛƻƴŀƭ ŀƴƴƻǘŀǘƛƻƴ ƛƴ ǘƘŜ ǎǳō-ƎǊƻǳǇΦ {ƻƳŜ ƛƴǘǊƛƎǳƛƴƎ 

ǇǊƻǘŜƛƴǎ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘ ŀƴŘ ǿƘŀǘ ǘƘŜȅ ŎƻƴŦƛǊƳ ŀƴŘ Ƴŀȅ ǊŜǾŜŀƭ ŀōƻǳǘ ǇȅǊŜƴƻƛŘ ŦǳƴŎǘƛƻƴǎ ƛǎ 

ŘƛǎŎǳǎǎŜŘ ōŜƭƻǿΦ 
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CƛƎǳǊŜ оΦс ¢ƘŜ ǇƛŜ ŎƘŀǊǘ ǎƘƻǿŜŘ ǘƘŜ ǇǊƻǘŜƛƴ ŎŀǘŜƎƻǊƛŜǎ ƛŘŜƴǘƛŦƛŜŘ ƛƴ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜΦ 

мтф ǇǊƻǘŜƛƴǎ ǿŜǊŜ ǎŜǇŀǊŀǘŜŘ ƛƴ ǎƛȄ YŜƎƎ ƭŜǾŜƭ ƻƴŜ ƎǊƻǳǇǎ ƛƴ ŦǳƴŎǘƛƻƴŀƭ ŀƴƴƻǘŀǘƛƻƴ ŀƴŀƭȅǎƛǎΤ 

aŜǘŀōƻƭƛǎƳ όтнύΣ DŜƴŜǘƛŎ ƛƴŦƻǊƳŀǘƛƻƴ ǇǊƻŎŜǎǎƛƴƎ όоуύΣ {ǘǊŜǎǎ ǊŜǎǇƻƴǎŜκwŜŘƻȄ ƘƻƳŜƻǎǘŀǎƛǎ όмύΣ 

/ŜƭƭǳƭŀǊ ǇǊƻŎŜǎǎ όмύΣ 9ƴǾƛǊƻƴƳŜƴǘŀƭ LƴŦƻǊƳŀǘƛƻƴ tǊƻŎŜǎǎƛƴƎ όоύ ŀƴŘ ¦ƴƪƴƻǿƴ όспύΦ 
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Figure 3.7 The graph showed 

fifteen level two KEGG groups 

with their protein components.  

Different colors of balls in the same 

circle showed more detailed level 

three KEGG groups. The protein 

identifiers used were Gene Name 

and UniProt ID. 
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//aΥ 

     ¢ƘŜ //a ƛǎ ƻƴŜ ƻŦ ǘǿƻ ǇǊƻŎŜǎǎŜǎ ǘƘŀǘ ŀǊŜ ƪƴƻǿƴ ǘƻ ƻŎŎǳǊ ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘΦ !ƭƭ ŎǳƭǘǳǊŜǎ ǿŜǊŜ 

ƎǊƻǿƴ ǳƴŘŜǊ //a ƛƴŘǳŎƛƴƎ ŎƻƴŘƛǘƛƻƴǎΣ ŀƴŘΣ ǘƘŜǊŜŦƻǊŜΣ //a ǇǊƻǘŜƛƴǎ ŀǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ōŜ ŦƻǳƴŘ 

ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜΦ LƴŘŜŜŘ мн ǇǊƻǘŜƛƴǎ ǿƘƻǎŜ ŜȄǇǊŜǎǎƛƻƴ ŀǊŜ ƪƴƻǿƴ ǘƻ ōŜ ǊŜƎǳƭŀǘŜŘ ōȅ 

ǘƘŜ ƭƻǿ /hн ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘ ό{ǳǇ CƛƎΦ оΦрύ ώнплϐΦ 9ƭŜǾŜƴ ƻŦ ǘƘŜǎŜ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘ ƛƴ ǘƘŜ Y9DD н 

ŎŀǘŜƎƻǊȅ ά/ŀǊōƻƴ ŘƛƻȄƛŘŜ ƳŜǘŀōƻƭƛǎƳέΦ aƻǊŜƻǾŜǊΣ р ǇǊƻǘŜƛƴǎ ŀƳƻƴƎ ǘƘŜƳ ǿŜǊŜ ŘƛǊŜŎǘƭȅ 

ǇŀǊǘƛŎƛǇŀǘŜŘ ƛƴ //aΥ Low-CO2-inducible protein ([/LрΣ 15011441), [ƻǿ-/hн-ƛƴŘǳŎƛōƭŜ 

ŎƘƭƻǊƻǇƭŀǎǘ ŜƴǾŜƭƻǇŜ ǇǊƻǘŜƛƴ ό//tмΣ 158278383), Carbonic anhydrase 3 (/!IоΣ 2301259), 

Mitochondrial carbonic anhydrase beta type (/!IпΣ 1323549ύ ŀƴŘ Rubisco small subunit (RBCS, 

20150214)Φ ¢ƘŜǎŜ ǾŀƭƛŘŀǘŜ ǘƘŜ ǊŜǎǳƭǘǎΣ ŀǎ Ƴŀƴȅ ƪƴƻǿƴ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƛƴǎ ŀǊŜ ŦƻǳƴŘΦ  Lǘ ŀƭǎƻ 

ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǎƻƳŜ ƻŦ ǘƘŜ ǇǊƻǘŜƛƴǎ ƻŦ ǳƴƪƴƻǿƴ ŦǳƴŎǘƛƻƴΣ ƳƛƎƘǘ ŦǳƴŎǘƛƻƴ ƛƴ ǘƘŜ //aΦ 

{ǘŀǊŎƘ ƳŜǘŀōƻƭƛǎƳΥ 

     ²ƘŜƴ //a ƛǎ ƛƴŘǳŎŜŘΣ ǘƘŜ ǎǘŀǊŎƘ ǎƘŜŀǘƘ ŦƻǊƳǎ ŀǊƻǳƴŘ ǇȅǊŜƴƻƛŘ ώнпмϐΦ aƻǊŜƻǾŜǊΣ ǘƘŜ 

ǇǊƻŘǳŎǘ ƻŦ /hн ŦƛȄŀǘƛƻƴ ƛƴ ǇȅǊŜƴƻƛŘΣ о-tD!Σ ŀŎǘƛǾŀǘŜǎ ǘƘŜ ŜƴȊȅƳŜ ŦƻǊ ǘƘƛǎ ǎǘŀǊŎƘ ǎƘŜŀǘƘ ǎȅƴǘƘŜǎƛǎ 

ώнпнϐΦ ¢Ƙƛǎ ǊŀƛǎŜŘ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ǘƘŀǘ ǎȅƴǘƘŜǎƛǎ ƻŦ ǎǘŀǊŎƘ ǎƘŜŀǘƘ ƻŎŎǳǊǎ ƛƴΣ ƻǊ ŎƭƻǎŜ ǘƻ ǘƘŜ 

ǇȅǊŜƴƻƛŘΦ Lƴ ƻǳǊ ǇǊƻǘŜƻƳƛŎ ǊŜǎǳƭǘǎΣ нн ǇǊƻǘŜƛƴǎΣ ƛƴŎƭǳŘƛƴƎ п ǎǘŀǊŎƘ ǎȅƴǘƘŀǎŜǎ ŀƴŘ о ǎǘŀǊŎƘ 

ōǊŀƴŎƘƛƴƎ ŜƴȊȅƳŜǎΣ ǿŜǊŜ ƎǊƻǳǇŜŘ ƛƴ ǘƘŜ ǎǘŀǊŎƘ ŀƴŘ ǎǳŎǊƻǎŜ ƳŜǘŀōƻƭƛǎƳ ŎŀǘŜƎƻǊȅ ό{ǳǇ CƛƎ оΦпύΦ 

hƴ ǘƘŜ ǎƛƭǾŜǊ ǎǘŀƛƴŜŘ ǇƻƭȅŀŎǊȅƭŀƳƛŘŜ ƎŜƭ ƻŦ ǇȅǊŜƴƻƛŘ ǇŜƭƭŜǘ ŦǊƻƳ ŎƘƭƻǊƻǇƭŀǎǘǎ όCƛƎ оΦнύΣ ǘƘŜǊŜ ǿŀǎ 

ŀƴ ƛƴǘŜƴǎƛǾŜ ōŀƴŘ ŀǊƻǳƴŘ тл ƪ5ŀ ǘƘŀǘ ŎƻǳƭŘ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ǎƻƭǳōƭŜ ǎǘŀǊŎƘ ǎȅƴǘƘŀǎŜ ό{{{пΣ тм ƪ5ŀΣ 

8901183). Lƴ ŀŘŘƛǘƛƻƴΣ ǎŜǾŜƴ ǇǊŜŘƛŎǘŜŘ ǇǊƻǘŜƛƴǎ ƳƛƎƘǘ ƘŀǾŜ ǎǘŀǊŎƘ-ǊŜƭŀǘŜŘ ŦǳƴŎǘƛƻƴǎΣ ōŀǎŜŘ ƻƴ 

ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǇǊŜŘƛŎǘŜŘ ŘƻƳŀƛƴǎ ŦƻǊ ǘƘŜ ŀƭǇƘŀ ŀƳȅƭŀǎŜ ŎŀǘŀƭȅǘƛŎ ŘƻƳŀƛƴ όм ǇǊƻǘŜƛƴύ ƻǊ ǎǘŀǊŎƘ-

ōƛƴŘƛƴƎ ŘƻƳŀƛƴǎ όс ǇǊƻǘŜƛƴǎύΦ CƻǳǊ ǇǊƻǘŜƛƴǎ ŦǳƴŎǘƛƻƴ ƛƴ ǎǘŀǊŎƘ ŘŜƎǊŀŘŀǘƛƻƴΤ ŀƭǇƘŀ-ŀƳȅƭŀǎŜ 
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όAMYA2, 158275185ύΣ ŀƭǇƘŀ-ƎƭǳŎŀƴ ǿŀǘŜǊ ŘƛƪƛƴŀǎŜ όGWD1, 158281332ύΣ ǇƘƻǎǇƘƻƎƭǳŎŀƴ ǿŀǘŜǊ 

ŘƛƪƛƴŀǎŜ όPWD1, 158274573ύ ŀƴŘ isoamylase (ISA1, 158274418)Φ This implies that starch 

metabolism, including both synthesis and degradation, happens in or close to the pyrenoid. 

       ! ǊŜŎŜƴǘ ŦƛƴŘƛƴƎ ǘƘŀǘ ŀ ǇȅǊŜƴƻƛŘ ŘŜŦƛŎƛŜƴǘ Ƴǳǘŀƴǘ ǿŀǎ ƴƻǘ ƛƳǇŀƛǊŜŘ ƛƴ ǎǘŀǊŎƘ ǎȅƴǘƘŜǎƛǎ ƭŜŘ ǘƻ 

ǘƘŜ ŀōŀƴŘƻƴƳŜƴǘ ƻŦ ǘƘƛǎ ƘȅǇƻǘƘŜǎƛǎ ώнпмϐΦ IƻǿŜǾŜǊΣ ǎǘǊƻƳŀƭ ǎǘŀǊŎƘ ƎǊŀƴǳƭŜǎ ŎƻǳƭŘ ōŜ 

ǎȅƴǘƘŜǎƛȊŜŘ ŀǘ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ƭƻŎŀǘƛƻƴ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ŜƴȊȅƳŜǎ ŦǊƻƳ ǘƘŜ ǇȅǊŜƴƻƛŘ ǎǘŀǊŎƘ ǎƘŜŀǘƘ 

ώнпмϐΦ Lǘ ǎǘƛƭƭ ǊŜƳŀƛƴǎ ǇƻǎǎƛōƭŜ ǘƘŀǘ ǘƘŜ ǇȅǊŜƴƻƛŘ ƛǎ ǘƘŜ ƭƻŎŀǘƛƻƴ ǿƘŜǊŜ ǘƘŜ ǇȅǊŜƴƻƛŘ ǎǘŀǊŎƘ ǎƘŜŀǘƘ 

ƛǎ ƳŀŘŜ ŀƴŘ ōǊƻƪŜƴ ŘƻǿƴΦ  

Photosynthesis: 

     The pyrenoid sequesters Rubisco from the O2 produced by PSII in thylakoid membranes 

throughout the chloroplast. In addition, it has been proposed that the thylakoid membranes of 

the tubules in the pyrenoid lack PSII, and this is supported by results of histochemical staining 

and electron microscopy [232]. The absence of PSII subunits in our pyrenoid proteome 

substantiates this finding (Sup Fig 3. 4). Consistent with a previous report of PSI in pyrenoid 

tubule membranes histochemical staining, we found that three PS I reaction center subunits in 

the pyrenoid proteome. (PSI does not produce O2 and, therefore, would not affect the O2/CO2 

ratio in the pyrenoid). In addition, we identified three ATP synthase subunits and three 

ŎȅǘƻŎƘǊƻƳŜ ōсŦ ŎƻƳǇƭŜȄ ǎǳōǳƴƛǘǎΦ [ƛƪŜ t{L ŀƴŘ t{LLΣ ǘƘŜǎŜ ŎƻƳǇƭŜȄŜǎ ŀǊŜ ƪƴƻǿƴ ǘƻ ōŜ 

ŜƳōŜŘŘŜŘ ƛƴ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜǎΦ ¢ƘŜǊŜŦƻǊŜΣ ƻǳǊ ǊŜǎǳƭǘǎ ǎǳƎƎŜǎǘ ǘƘŀǘ ŀƭƭ ƻŦ ǘƘŜ ƳŀƧƻǊ 

ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ŎƻƳǇƭŜȄŜǎΣ ŜȄŎŜǇǘ t{LLΣ ŀǊŜ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜǎ ƻŦ ǘƘŜ ǘǳōǳƭŜǎ 

ǿƛǘƘƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘΦ aƻǊŜƻǾŜǊΣ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ t{LL ǊŜŀŎǘƛƻƴ ŎŜƴǘŜǊ ǎǳōǳƴƛǘǎ ƛƴ ǘƘŜ ǇȅǊŜƴƛƻŘ 

ǇǊƻǘŜƻƳŜ ƳŀƪŜǎ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ƻǘƘŜǊ ǇƘƻǘƻǎȅǎǘŜƳǎ ǳƴƭƛƪŜƭȅ ǘƻ ōŜ ŀ ŎƻƴǘŀƳƛƴŀǘƛƻƴ ōȅ ƴƻƴ-
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ǇȅǊŜƴƻƛŘƛŀƭ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜǎΦ Lƴ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ t{LLΣ ǘƘŜ ƻǘƘŜǊ ŎƻƳǇƭŜȄŜǎ Ŏŀƴ ǎȅƴǘƘŜǎƛȊŜ 

!¢t ǳǎƛƴƎ ŎȅŎƭƛŎ ŜƭŜŎǘǊƻƴ Ŧƭƻǿ ŀƴŘ ǇƘƻǘƻǇƘƻǎǇƘƻǊȅƭŀǘƛƻƴ ώнпоϐΦ hǳǊ ǊŜǎǳƭǘǎ ǇǊƻǾƛŘŜ ŦǳǊǘƘŜǊ 

ǎǳǇǇƻǊǘ ƻŦ ǘƘŜ ǇǊŜǾƛƻǳǎ ƘȅǇƻǘƘŜǎƛǎ ǘƘŀǘ !¢t ǎȅƴǘƘŜǎƛǎ ƻŎŎǳǊǎ ƛƴ ǇȅǊŜƴƻƛŘΦ To reiterate a major 

finding here; the absence of PSII subunits in our pyrenoid proteome, and the presence of 

subunits of each of the other major photosynthesis complexes (see below) provides the first 

biochemical support of this hypothesis that PSII is excluded from the pyrenoid to suppress the 

O2/CO2 ratio (Sup Fig 3. 4). 

      ¢ƘŜ ƳŀƧƻǊΣ ŀōǳƴŘŀƴǘ ƭƛƎƘǘ-ƘŀǊǾŜǎǘƛƴƎ ǇǊƻǘŜƛƴǎ ǘƘŀǘ ŀǊŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ t{L ŀƴŘ t{LL ǿŜǊŜ ƴƻǘ 

ƛƴ ǘƘŜ ǇǊƻǘŜƻƳŜΦ IƻǿŜǾŜǊΣ ǘƘŜ t{LL ǇǊƻǘŜƛƴǎ Ŏŀƴ ōŜ ǎŜŜƴ ƛƴ ǘƘŜ ǇŜƭƭŜǘ ŦǊŀŎǘƛƻƴǎ ƻŦ ŀƭƭ ǎǘǊŀƛƴǎΤ ǘƘŜ 

ǇȅǊŜƴƻƛŘ-ǇƻǎƛǘƛǾŜ ²¢ ǎǘǊŀƛƴ ŀƴŘ ǘƘŜ ǇȅǊŜƴƻƛŘ-ŘŜŦƛŎƛŜƴǘ Ƴǳǘŀƴǘǎ όCƛƎ оΦнΣ {ǳǇ CƛƎ оΦн {м ŀƴŘ {нύΦ 

¢ƘŜȅ ǿŜǊŜ Ƨǳǎǘ ǎǳōǘǊŀŎǘŜŘ ŦǊƻƳ ǘƘŜ Ŧƛƴŀƭ ǇǊƻǘŜƻƳŜ ƭƛǎǘΦ ¢ƘŜǊŜŦƻǊŜΣ ƻǳǊ ǊŜǎǳƭǘǎ ŘƛŘ ƴƻǘ ŘŜǘŜǊƳƛƴŜ 

ǿƘŜǘƘŜǊ [I/ L ŀƴŘ LL ǇǊƻǘŜƛƴǎ ŀǊŜ ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘ ƻǊ ƴƻǘΦ IƻǿŜǾŜǊΣ ǿŜ ŘƛŘ ƛŘŜƴǘƛŦȅ ŦƻǳǊ [I/-ƭƛƪŜ 

ǇǊƻǘŜƛƴǎ ǿƛǘƘ ƪƴƻǿƴ ƻǊ ǇǊŜŘƛŎǘŜŘ ǊƻƭŜǎ ƛƴ ƭƛƎƘǘ-ǎǘǊŜǎǎ ǊŜǎǇƻƴǎŜǎΥ stress-related chlorophyll a/b 

binding protein 1 and 3 (LHCSR1 and 3, 1865773 and 158275235), early light-inducible protein 

(ELI4, 158276363) and low molecular mass early light-induced protein (LHL3, 54649970) (Sup 

Fig 3.4). LHCSR proteins played a crucial role in dissipating excess light energy for photo-

acclimation [244]. These proteins may be involved in regulating photosynthesis in the thylakoid 

membranes of the pyrenoid tubules. Whether there is a special requirement for the light stress 

responses carried out by these proteins in the pyrenoid remains to be determined.  

Chlorophyll synthesis: 

      Historically, the location of chlorophyll synthesis in chloroplasts of plants and algae has been 

controversial and very little is known in C. reinhardtii [245]. Therefore, it was intriguing to find 6 
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proteins in the tetrapyrrole and chlorophyll synthesis pathway in the pyrenoid proteome (Sup 

Fig 3.4). It is widely assumed, but not tested, that chlorophyll synthesis is localized at or near 

the locations of the assembly of the photosystems and their LHCs [22]. This assumption is based 

on the fact that ROS and oxidative damage can be caused by free chlorophyll intermediates; i.e. 

in the absence of the photochemical and non-photochemical chlorophyll quenching 

mechanisms carried out by these complexes [246]. Thus newly synthesized chlorophyll is 

predicted to be integrated to the photosynthetic complex quickly [94]. Previous work in the lab 

identified the location of PSII subunit synthesis and assembly immediately adjacent to the 

pyrenoid, in the T-zone and chloroplast translation membranes (which have the marker 

proteins found in the T-zone) [212]. If chlorophyll is synthesized in or close to pyrenoid, it could 

be rapidly loaded into assembling PSII complexes in the neighboring T-zone. This could 

minimize the accumulation and toxicity of unassembled, non-quenched chlorophyll. 

Lipid synthesis: 

      Biogenesis of thylakoid membrane needs the biosynthesis of galactolipids of the bilayer and 

the assembly of the photosystem complex. Since pyrenoid is adjacent to the PSII assembly 

location, I wondered if there would be any evidence of lipid synthesis in our proteome.  

      We did identify three proteins with roles in, or related to, lipid biosynthesis. One of these is 

the E1 subunit of pyruvate dehydrogenase (PDH2, 158277372), which catalyzes the conversion 

of pyruvate into acetyl-CoA as the beginning of lipid synthesis. The E2 subunit, DLA2, was not 

identified in the final list, because it was detected in the primary lists of proteins identified by 

MS in the wild-type and two mutant strains. This protein has a dual function as a translational 

activator of psbA translation, for the synthesis of the D1 subunit of PSII, and it is localized in the 
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T-zone [201]. Also identified in the pyrenoid proteome were two subunits of acetyl-CoA 

carboxylase (158271224, 158270727), which carboxylates acetyl-CoA to form malonyl-CoA 

[247]. The identification of these enzymes in fatty-acid synthesis in the pyrenoid raises the 

possibility of lipid metabolism in, or close to, the pyrenoid. Three elements related to thylakoid 

biogenesis; PSII assembly, chlorophyll synthesis and lipid synthesis all localized in or close to 

pyrenoid. Taken together, our results suggested that the location at the perimeter of pyrenoid 

could be the site of thylakoid membrane biogenesis.  

Transcription: 

     The chloroplast DNA-directed RNA polymerase is composed of four core subunits and 

additional proteins as sigma factor and polymerase associated proteins [248]. Five of the 

identified proteins were subunits of chloroplast RNA polymerase. These proteins represented 

ŀƭƭ ŦƻǳǊ ŎƻǊŜ ǇƻƭȅƳŜǊŀǎŜ ǎǳōǳƴƛǘǎ ʰ όwth!Σ ноолттумύΣ ʲ όwth.мΣ нпнлффооΤ wth.нΣ 

нпнлффопύΣ ʲΩ όwth/м!Σ нмормтпрмύΣ ʲέ όwth/нΣ нмормтпнуύ ǊŜǎǇŜŎǘƛǾŜƭȅ [248]. Although the 

sigma factor was not found in the pyrenoid proteome, the finding of entire core subunits of 

RNA polymerase and the fact that chloroplast nucleoids localized close to pyrenoid suggests it 

has a role in transcription of the chloroplast genome [19].  

Translation: 

      tǊƻǘŜƛƴǎ ƻŦ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ǘǊŀƴǎƭŀǘƛƻƴ ǎȅǎǘŜƳ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘ ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜΦ 

¢ƘŜǎŜ ƛƴŎƭǳŘŜ нн ǊƛōƻǎƻƳŀƭ ǇǊƻǘŜƛƴǎΤ мр ƻŦ ǘƘŜ ƭŀǊƎŜ ǎǳōǳƴƛǘǎ ŀƴŘ с ƻŦ ǘƘŜ ǎƳŀƭƭǎ ǎǳōǳƴƛǘǎΦ Lƴ 

ŀŘŘƛǘƛƻƴΣ ǘƘŜǊŜ ƛǎ ƻƴŜ ƳƛǘƻŎƘƻƴŘǊƛŀ ǊƛōƻǎƻƳŀƭ ǇǊƻǘŜƛƴ όMRPL29, 158282820). Two chloroplast 

stem-loop binding proteins (CSP41a, мрунуллпм ŀƴŘ /{tпмōΣ 34398360) were also in this 

category and they are known to have endoribonuclease activity and function (directly or 
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indirectly) in transcription and translation [249].  

     CSP41a could initiate and regulate specific RNA turn-over in tobacco chloroplasts. CSP41b 

was found associated with 70S ribosome in C. reinhardtii and involved in mRNA processing, 

endonuclease activity, cleavage and translation [250, 251]. Except these two RNA-binding 

proteins, one ATP-dependent RNA helicase (HEL65, 158274646) and one RNase J-like protein 

(RNJ1, 187766731) were also found in pyrenoid proteome list. These four proteins might have a 

function related to RNA degradation. This proteomic result, together with the finding of 8-oxoG 

RNA in pyrenoid (Chapter 2), indicated that pyrenoid could be a location for oxidized RNA 

metabolism, for example, degradation. Degradation process of oxidized RNA would prevent 

their translation and limit the synthesis of aberrant proteins. 

Stress response: 

    According to annotation information, peroxiredoxin, type II (PRX5, 158283443) was the only 

ǇǊƻǘŜƛƴ ǿƘƛŎƘ ƘŀŘ ōŜŜƴ ŎŀǘŜƎƻǊƛȊŜŘ ǘƻ άǎǘǊŜǎǎ ǊŜǎǇƻƴǎŜέ ƛƴ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭ ŀƴƴƻǘŀǘƛƻƴΦ 

Peroxiredoxin scavenges ROS and it also plays a role in ROS signalling [252]. There are three 

types of peroxiredoxins II in C. reinhardtii, however, only one of them contains a putative 

chloroplast transit peptide, which was exactly the one we identified in pyrenoid proteome 

[252]. 

     Other than this, proteins that have been characterized to the other functional groups could 

also have stress related functions. For example, Zeaxanthin epoxidase (ZEP1, 28629442) that 

ǿŀǎ ŎŀǘŜƎƻǊƛȊŜŘ ǘƻ ά/ŀǊƻǘŜƴƻƛŘ .ƛƻǎȅƴǘƘŜǎƛǎέΣ ǿƘƛŎƘ ƛǎ ǊŜǉǳƛǊŜŘ ŦƻǊ ǘƘŜ ǊŜǎƛǎǘŀƴŎŜ ƻŦ ƻǎƳŀǘƛŎΣ 

drought and light stress [253, 254]. Although the function of lipid-associated proteins (PLAP10, 

мрунтутррύ ǿŀǎ άǳƴƪƴƻǿƴέ ƛƴ C. reinhardtii, it is thought to response to oxidative, aging and 
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biotic stress in Solanaceae [255]. This might indicate a stress related function of this protein. 

Those stress-related proteins identified in the pyrenoid proteome could imply a role of 

pyrenoid in stress response or regulation.  

оΦп 5ƛǎŎǳǎǎƛƻƴ 

оΦпΦмΦ Iƻǿ ƳƛƎƘǘ ŦǳǘǳǊŜ ǿƻǊƪ ŜƴƘŀƴŎŜ ǘƘŜ ǇǳǊƛǘȅ ƻŦ ǘƘŜ ƛǎƻƭŀǘŜŘ ǇȅǊŜƴƻƛŘǎΚ 

     !ƭǘƘƻǳƎƘ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ƛǎƻƭŀǘƛƻƴ ǊƛŘ ƭƻǘǎ ƻŦ ŎƻƴǘŀƳƛƴŀƴǘǎ ŦǊƻƳ ƳƛǘƻŎƘƻƴŘǊƛŀ ŀƴŘ ŎȅǘƻǇƭŀǎƳΣ 

ǿŜ ǎǘƛƭƭ ƴŜŜŘ ǘƻ ŦǳǊǘƘŜǊ ŜƴǊƛŎƘ ǘƘŜ ǇȅǊŜƴƻƛŘǎ ƛƴ ǘƘŜ ǇŜƭƭŜǘΦ L ǘǊƛŜŘ ǘƻ ǳǎŜ ƛƳƳǳƴƻǇǊŜŎƛǇƛǘŀǘƛƻƴ 

ǿƛǘƘ ƳŀƎƴŜǘƛŎ ōŜŀŘǎ ǘƻ ǇǳǊƛŦȅ ǇȅǊŜƴƻƛŘǎ ŦǊƻƳ ǘƘŜ ŎǊǳŘŜ ǇȅǊŜƴƻƛŘǎ ŦǊŀŎǘƛƻƴǎ ƛǎƻƭŀǘŜŘ ōȅ ¢Ǌƛǘƻƴ ·-

млл ŀǎ ŘŜǎŎǊƛōŜŘ ŀōƻǾŜΦ .ƻǘƘ w./[ ŀƴŘ w./{ ŀƴǘƛōƻŘƛŜǎ ǿŜǊŜ ǳǎŜŘ ŦƻǊ ǇǳǊƛŦƛŎŀǘƛƻƴΦ Lƴ ǘƘŜ 

Ŝƭǳǘƛƻƴ ǳǎƛƴƎ ŀŦŦƛƴƛǘȅ ǇǳǊƛŦƛŜŘ w./[ ŀƴǘƛōƻŘȅ ŀƴŘ ǇƻƭȅŎƭƻƴŀƭ w./[ ŀƴǘƛōƻŘȅΣ ǘƘŜǊŜ ǿŀǎ ŀ ōŀƴŘ 

ǿƘƛŎƘ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ ƳƻƭŜŎǳƭŀǊ ǿŜƛƎƘǘ ƻŦ w./{ ƻƴ ǘƘŜ ǎƛƭǾŜǊ-ǎǘŀƛƴƛƴƎ ǇƻƭȅŀŎǊȅƭŀƳƛŘŜ ƎŜƭ 

ό{ǳǇ CƛƎΦ оΦсύΦ ¢Ƙƛǎ ōŀƴŘ ǿŀǎ ŀōǎŜƴǘ ƛƴ ǘƘŜ ŎƻƴǘǊƻƭ ŜȄǇŜǊƛƳŜƴǘ ǿƛǘƘ ǇǊŜ-ƛƳƳǳƴŜ ǎŜǊǳƳ ƻŦ w./[ 

ό{ǳǇ CƛƎΦ оΦсύΦ ¢Ƙƛǎ ǊŜǎǳƭǘ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ ǘƘŜǊŜ ƳƛƎƘǘ ōŜ ǎƻƳŜ wǳōƛǎŎƻ ƻǊ ŜǾŜƴ ǇȅǊŜƴƻƛŘǎ ƛǎƻƭŀǘŜŘ 

ōȅ w./[ ŀƴǘƛōƻŘƛŜǎΦ hǘƘŜǊ ǘƘŀƴ w./[ ŀƴŘ w./{Σ ǘƘŜǊŜ ǿŜǊŜ ƻǘƘŜǊ ǇǊƻǘŜƛƴ ōŀƴŘǎ ƛŘŜƴǘƛŦƛŜŘ ƻƴ 

ǘƘŜ ƎŜƭΦ IƻǿŜǾŜǊΣ L ǿŀǎ ǳƴŀōƭŜ ǘƻ ǎŜŜ ǇȅǊŜƴƻƛŘǎ ōȅ ƭƛƎƘǘ ƳƛŎǊƻǎŎƻǇȅ ƛƴ ǘƘŜ ŜƭǳǘƛƻƴΦ ¢ƘŜ 

ǇǳǊƛŦƛŎŀǘƛƻƴ ǿƛǘƘ ŀŦŦƛƴƛǘȅ ǇǳǊƛŦƛŜŘ w./{ ŀƴǘƛōƻŘȅ ŀƭǎƻ ǎƘƻǿŜŘ ŀ ōŀƴŘ ŀǘ ǘƘŜ ƳƻƭŜŎǳƭŀǊ Ƴŀǎǎ ƻŦ 

w./[ όрс ƪ5ŀύΣ ƘƻǿŜǾŜǊΣ ǘƘŀǘ ƛǎ ŀƭǎƻ ǘƘŜ ǎƛȊŜ ƻŦ ƘŜŀǾȅ ŎƘŀƛƴ ƻŦ ǘƘŜ ŀƴǘƛōƻŘȅΦ Lǘ ǿŀǎ ƴƻǘ 

ŘŜǘŜǊƳƛƴŜŘ ƛŦ w./[ ǿŀǎ ƛƳƳǳƴƻǇǊŜŎƛǇƛǘŀǘŜŘ ǿƛǘƘ w./{ ȅŜǘΦ ! ǎǇŜŎƛŦƛŎ ǎŜŎƻƴŘŀǊȅ ŀƴǘƛōƻŘȅΣ 

ǿƘƛŎƘ ŘƻŜǎ ƴƻǘ ŘŜǘŜŎǘ ƘŜŀǾȅ ŎƘŀƛƴΣ ŎƻǳƭŘ ǎƻƭǾŜ ǘƘƛǎ ǇǊƻōƭŜƳΦ !ƭǘƘƻǳƎƘ ƳƻǊŜ ŘŜǘŀƛƭŜŘ ŀƴŀƭȅǎƛǎ 

ǿƻǳƭŘ ōŜ ƴŜŜŘŜŘ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊŜ ǘƘŜ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜ ŜƭǳǘŜŘ ƳŀǘŜǊƛŀƭ ŦǊƻƳ ǘƘŜ 

ƛƳƳǳƴƻǇǊŜŎƛǇƛǘŀǘƛƻƴΣ ƛǘ ƻŦŦŜǊŜŘ ŀ ƴŜǿ ǇƻǎǎƛōƭŜ ƳŜǘƘƻŘ ŦƻǊ ŦǳǊǘƘŜǊ ǇǳǊƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ƛǎƻƭŀǘŜŘ 

ǇȅǊŜƴƻƛŘǎΦ 
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оΦпΦнΦ ¢ƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǎǘǊƻƳŀ ǇǊƻǘŜƛƴǎ ǿŜǊŜ ƴƻǘ ŦƻǳƴŘ ƛƴ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜΦ 

      ¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ ǇǊŜǾƛƻǳǎ ǿƻǊƪ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜǎ ŦƻǊƳ ǘƘŜ ǘƘȅƭŀƪƻƛŘ ǘǳōǳƭŜǎ 

ǘƘŀǘ ŜȄǘŜƴŘŜŘ ƛƴǘƻ ǘƘŜ ǇȅǊŜƴƻƛŘ ώнооϐΦ IƛƎƘ ǊŜǎƻƭǳǘƛƻƴ о5 ŜƭŜŎǘǊƻƴ ǘƻƳƻƎǊŀǇƘȅ ŀƴŀƭȅǎƛǎ ƻŦ /Φ 

ǊŜƛƴƘŀǊŘǘƛƛ ŎƘƭƻǊƻǇƭŀǎǘ ǊŜǾŜŀƭŜŘ ǘƘŀǘ ǘƘŜ ƧǳƴŎǘƛƻƴǎ ŀǊŜ ƛƴŎǊŜŘƛōƭȅ ŎƻƳǇƭŜȄΣ ǿƘŜǊŜ Ƴƛƴƛ-ǘǳōǳƭŜǎ 

ŎƻƴǘŀƛƴƛƴƎ ǎǘǊƻƳŀ ŜȄǘŜƴŘ ƛƴǘƻ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜǎ ǿƘƛŎƘ ƳŀƪŜ ǳǇ ǘƘŜ ǘƘȅƭŀƪƻƛŘ ǘǳōǳƭŜǎ ώорϐΦ 

¢ƘŜǎŜ Ƴƛƴƛ-ǘǳōǳƭŜǎ ŀǊŜ ƛƴ ŎƻƴǘŀŎǘ ǿƛǘƘ ǘƘŜ ǇȅǊŜƴƻƛŘ ƳŀǘǊƛȄ ŀƭƭƻǿƛƴƎ ŘƛǊŜŎǘ Ŏƻƴǘƛƴǳƛǘȅ ƻŦ ǘƘŜ 

ŎƘƭƻǊƻǇƭŀǎǘ ǎǘǊƻƳŀΦ ¢Ƙƛǎ ƳƛƎƘǘ ŜȄǇƭŀƛƴ ǿƘȅ мф ǇǊƻǘŜƛƴǎ ƛƴ ƻǳǊ ƭƛǎǘ ǿŜǊŜ ŦƻǳƴŘ ƛƴ ǘƘŜ ǎǘǊƻƳŀ 

ǇǊƻǘŜƻƳŜ ό{ǳǇ CƛƎΦ оΦтύΦ ¢ƘŜ ŦƛƴŘƛƴƎ ƻŦ Ƴƛƴƛ-ǘǳōǳƭŜǎ ƛƴŘƛŎŀǘŜŘ ŀ ŘƛǊŜŎǘ ŜȄŎƘŀƴƎŜ ōŜǘǿŜŜƴ 

ǎǘǊƻƳŀ ŀƴŘ ǇȅǊŜƴƻƛŘ ŀƴŘ ŀƭǎƻ ǎǳƎƎŜǎǘŜŘ ǘƘŀǘ ǎǘǊƻƳŀ ǇǊƻǘŜƛƴǎ ƛƴ ƻǳǊ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜ ƳƛƎƘǘ 

ƴƻǘ ōŜ Ƨǳǎǘ ŎƻƴǘŀƳƛƴŀƴǘǎ ōǳǘ ŀŎǘǳŀƭƭȅ ƳƛƎƘǘ ŦǳƴŎǘƛƻƴ ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘΦ  

оΦпΦоΦ CǳƴŎǘƛƻƴ ƻŦ ǇȅǊŜƴƻƛŘ ƛƴ ƻȄƛŘƛȊŜŘ wb! ƳŜǘŀōƻƭƛǎƳΦ 

    hƴŜ ƛƳǇƻǊǘŀƴǘ ǊŜŀǎƻƴ ŦƻǊ ǳǎ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊŜ ǘƘŜ ǇǊƻǘŜƻƳŜ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ ƛǎ ǘƘŀǘ Ƴȅ ǊŜǎǳƭǘǎ 

ǊŜǾŜŀƭ ǘƘŀǘ у-ƻȄƻD ƻȄƛŘƛȊŜŘ wb! ƛǎ ƭƻŎŀƭƛȊŜŘ ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘ ŀƴŘ ǘƘŜ ƳŀƧƻǊ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƛƴ 

w./[ ŎƻƴǘǊƻƭǎ ǘƘŜ ƭŜǾŜƭ ƻŦ wb! ƻȄƛŘŀǘƛƻƴ ό/ƘŀǇǘŜǊ нύΦ Ƴwb! ǿŀǎ ƴŜǾŜǊ ŘŜǘŜŎǘŜŘ ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘ 

ƳŀǘǊƛȄ ōȅ CL{I ώоуΣ нмнΣ нмпϐΦ IƻǿŜǾŜǊΣ ǿƘŜƴ L ǎǘŀƛƴŜŘ ǿƛƭŘ-ǘȅǇŜ ŎŜƭƭǎ ƻŦ /Φ ǊŜƛƴƘŀǊŘǘƛƛ ǿƛǘƘ ǘƘŜ 

wb!-ǎǇŜŎƛŦƛŎ ŘȅŜ ό{¸¢hϯ wb!{ŜƭŜŎǘϰ DǊŜŜƴ CƭǳƻǊŜǎŎŜƴǘ ŎŜƭƭ {ǘŀƛƴΣ ƭƛŦŜ ǘŜŎƘƴƻƭƻƎƛŜǎύΣ L ŘƛŘ 

ŘŜǘŜŎǘ ǿŜŀƪ ǎǘŀƛƴƛƴƎ ƻŦ ǇȅǊŜƴƻƛŘ ό{ǳǇΦ CƛƎΦ оΦ уύΦ ¢Ƙƛǎ ŦǳǊǘƘŜǊ ǎǳǇǇƻǊǘǎ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ wb! ƛƴ 

ǘƘŜ ǇȅǊŜƴƻƛŘΦ ¢ƘŜ ŦƛƴŘƛƴƎ ƻŦ р wb! ǇƻƭȅƳŜǊŀǎŜ ǎǳōǳƴƛǘǎ ŀƴŘ нн ǊƛōƻǎƻƳŀƭ ǎǳōǳƴƛǘǎ ƛƴŘƛŎŀǘŜŘ 

ǘƘŜ ǇƻǎǎƛōƭŜ ŦǳƴŎǘƛƻƴ ǊŜƭŀǘŜŘ ǘƻ ǘǊŀƴǎŎǊƛǇǘƛƻƴ ŀƴŘ ǘǊŀƴǎƭŀǘƛƻƴΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ ŜƴȊȅƳŜǎ ǊŜƭŀǘŜŘ 

ǘƻ wb! ŘŜƎǊŀŘŀǘƛƻƴ ŀǎ wbŀǎŜ WΣ !¢t-ŘŜǇŜƴŘŜƴǘ wb! ƘŜƭƛŎŀǎŜΣ ŀƴŘ /{tпм ŀκō ǿŜǊŜ ŀƭǎƻ ŦƻǳƴŘ ƛƴ 

ǇȅǊŜƴƻƛŘΦ ¢ƘŜǎŜ ǊŜǎǳƭǘǎ ōǳƛƭŘ ǳǇƻƴ ǘƘŜ ŜǾƛŘŜƴŎŜ ǘƘŀǘ ǘƘŀǘ ǇȅǊŜƴƻƛŘ Ƙŀǎ ŀ ǊƻƭŜ ƛƴ wb! 

ƳŜǘŀōƻƭƛǎƳ ŀƴŘ ŀ ǇƻǎǎƛōƭŜ ƻȄƛŘƛȊŜŘ wb! ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭ ό/ƘŀǇǘŜǊ нύΦ ¢Ƙƛǎ ƳƻƻƴƭƛƎƘǘƛƴƎ ŦǳƴŎǘƛƻƴ 



101 

ƻŦ w./[ ŎƻǳƭŘ ōŜ ǘƘŜ ǇǊƻǘŜŎǘƛƻƴ ƻŦ ƛƴǘŀŎǘ wb! ŦǊƻƳ ƻȄƛŘŀǘƛƻƴΣ ƻǊ ǊŜǇŀƛǊκ ŘŜƎǊŀŘŀǘƛƻƴ ƻŦ ƻȄƛŘƛȊŜŘ 

wb!Φ ¢ƘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ŜƴȊȅƳŜǎ ǊŜƭŀǘŜŘ ǘƻ wb! ǘǳǊƴ-ƻǾŜǊ ŀƴŘ ǇǊƻŎŜǎǎƛƴƎ ǎǳǇǇƻǊǘǎ ǘƘƛǎ 

ǇǊƻǇƻǎŜŘ ŦǳƴŎǘƛƻƴ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ ƛƴ wb! ƳŜǘŀōƻƭƛǎƳ ŀƴŘ ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭΦ ¢ƘŜ ǇǊƻǘŜƛƴ ǘƘŀǘ 

ŎƻǳƭŘ ōŜ ƛƴǾƻƭǾŜŘ ƛƴ ǇǊƻǘŜŎǘƛƻƴ ŀƴŘ ǊŜǇŀƛǊ ƳŜŎƘŀƴƛǎƳǎ ǿŜǊŜ ƴƻǘ ŦƻǳƴŘΣ ƘƻǿŜǾŜǊΣ ос҈ ƻŦ ǘƘŜ 

ǇǊƻǘŜƛƴǎ ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜ ŀǊŜ ǎǘƛƭƭ ǳƴŎƘŀǊŀŎǘŜǊƛȊŜŘΦ  

       Lƴ ǎǳƳƳŀǊȅΣ Ƴȅ ǊŜǎǳƭǘǎ ŘŜǎŎǊƛōŜ ŀ ǇŀǊǘƛŀƭ ǇǊƻǘŜƻƳŜ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ ǿƛǘƘ ǾŀƭǳŀōƭŜ ƴŜǿ 

ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘƛǎ ƳƛŎǊƻ-ŎƻƳǇŀǊǘƳŜƴǘ ŀƴŘ ŜǎǘŀōƭƛǎƘ ƳŜǘƘƻŘǎ ŦƻǊ ŀ ƳƻǊŜ ŎƻƴǾƛƴŎƛƴƎ 

ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǘƘƛǎ ǇǊƻǘŜƻƳŜΦ 
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/ƘŀǇǘŜǊ пΥ bŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭ ƛǎ ƭƻŎŀƭƛȊŜŘ ŀǘ ǘƘŜ ǇŜǊƛƳŜǘŜǊ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ ŀƴŘ ŀǘ 

ǘƘŜ ŜƴŘǎ ƻŦ ƭƻōŜǎΦ 

пΦм LƴǘǊƻŘǳŎǘƛƻƴ 

 ¢ƘŜ ǘŜǘǊŀǇȅǊǊƻƭŜǎΣ ŎƘƭƻǊƻǇƘȅƭƭ ŀƴŘ ƘŜƳŜΣ ŀǊŜ ǎȅƴǘƘŜǎƛȊŜŘ ƛƴ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ƛƴ ŀ ǇŀǘƘǿŀȅ 

ǿƛǘƘ ŎƻƳƳƻƴ ǎǘŜǇǎ ŀǘ ǘƘŜ ōŜƎƛƴƴƛƴƎ ŀƴŘ ǘƘŜƴ ōǊŀƴŎƘŜǎ ŀŦǘŜǊ ǘƘŜ ǎȅƴǘƘŜǎƛǎ ƻŦ ǘƘŜ ǇƻǊǇƘȅǊƛƴ ǊƛƴƎ 

ƛƴǘƻ ǎŜǇŀǊŀǘŜ ǇŀǘƘǿŀȅǎ ŦƻǊ ŜŀŎƘ ώнрсϐΦ ¢ƘŜ ƭƻŎŀǘƛƻƴόǎύ ƻŦ ǘƘŜ ǎǘŜǇǎ ƛƴ ǘƘŜǎŜ ǇŀǘƘǿŀȅǎ Ƙŀǎ ōŜŜƴ ŀ 

ǎǳōƧŜŎǘ ƻŦ ŀ ŎƻƴǘǊƻǾŜǊǎƛŀƭ ŘŜōŀǘŜΤ ǿƛǘƘ ƭƻŎŀƭƛȊŀǘƛƻƴ ǘƻ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ǎǘǊƻƳŀΣ ǘƘŜ ƛƴƴŜǊ ŜƴǾŜƭƻǇŜ 

ƳŜƳōǊŀƴŜ ŀƴŘ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜǎ ǇǊƻǇƻǎŜŘ ŦƻǊ ǾŀǊƛƻǳǎ ǎǘŜǇǎΦ IƻǿŜǾŜǊΣ ǘƘŜǎŜ ŎƻƴŎƭǳǎƛƻƴǎ 

ŀǊŜ ōŀǎŜŘ ŀƭƳƻǎǘ ŜȄŎƭǳǎƛǾŜƭȅ ƻƴ ǎǳōŎŜƭƭǳƭŀǊ ŦǊŀŎǘƛƻƴŀǘƛƻƴ ǎǘǳŘƛŜǎ ǘƘŀǘ ŎƻƳǇŀǊŜŘ ŜǉǳƛǾŀƭŜƴǘ Ƴŀǎǎ 

ŀƳƻǳƴǘǎ ƻŦ ǇǊƻǘŜƛƴ ŦǊƻƳ ǘƘŜǎŜ ŎƻƳǇŀǊǘƳŜƴǘǎ ώурϐΦ aŀƴȅ ƻŦ ǘƘŜ ǎǘǳŘƛŜǎ ŎƻƳǇŀǊŜŘ ŜƴȊȅƳŜ 

ŀŎǘƛǾƛǘȅ ƭŜǾŜƭǎΣ ǿƘƛŎƘ ŀǊŜ ŀŦŦŜŎǘŜŘ ōȅ ƻǘƘŜǊ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ŦǊŀŎǘƛƻƴǎ ŀƴŘ ƻŦǘŜƴ ƭŀōƛƭŜΦ ¢Ƙƛǎ 

ŘǊŀǎǘƛŎŀƭƭȅ ƻǾŜǊǊŜǇǊŜǎŜƴǘŜŘ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ŜƴǾŜƭƻǇŜ ƳŜƳōǊŀƴŜ ŀƴŘΣ ƘŜƴŎŜΣ ǘƘŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ 

ǇǊƻǘŜƛƴǎ ƛƴ ǘƘŜ ŜƴǾŜƭƻǇŜΣ ǊŜƭŀǘƛǾŜ ǘƻ ƻǘƘŜǊǎ όƛΦŜΦ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜǎ ŀƴŘ ǎǘǊƻƳŀύΦ    

{ƛȄ ǇǊƻǘŜƛƴǎ ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜ ŀǊŜ ƪƴƻǿƴ ŜƴȊȅƳŜǎ ƛƴ ǘŜǘǊŀǇȅǊǊƻƭŜ ǎȅƴǘƘŜǎƛǎΣ 

ƛƴŎƭǳŘƛƴƎ ŦƻǳǊ ǘƘŀǘ ŀǊŜ ǎǇŜŎƛŦƛŎ ǘƻ ǘƘŜ ŎƘƭƻǊƻǇƘȅƭƭ ōƛƻǎȅƴǘƘŜǎƛǎ ōǊŀƴŎƘ ƻŦ ǘƘŜ ǇŀǘƘǿŀȅ ό/ƘŀǇǘŜǊ 

оύΦ ¢Ƙƛǎ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǘƘŜ ǇȅǊŜƴƻƛŘ ŎƻǳƭŘ ōŜ ǘƘŜ ƭƻŎŀǘƛƻƴ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎΦ LƴŘŜŜŘΣ ǘǿƻ 

ǇǊŜǾƛƻǳǎ ǇŀǇŜǊǎ ǇǊƻǾƛŘŜŘ ǇǊŜƭƛƳƛƴŀǊȅ ŜǾƛŘŜƴŎŜ ƻŦ ǘƘƛǎ ƘȅǇƻǘƘŜǎƛǎ ώнртΣ нруϐΦ  

 ! ǇǊŜǾƛƻǳǎ ǎǘǳŘȅ ƛƴ ƻǳǊ ƭŀō ǊŜǾŜŀƭŜŘ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ ǎǇŜŎƛŀƭ ǇǳƴŎǘŀǘŜ ŦƻŎƛΣ ŎŀƭƭŜŘ 

ǘǊŀƴǎƭŀǘƛƻƴ ȊƻƴŜ ό¢-ȊƻƴŜύ ƭƻŎŀƭƛȊŜŘ ǿƛǘƘ ŀ ŎƘƭƻǊƻǇƭŀǎǘ ǘǊŀƴǎƭŀǘƛƻƴ ƳŜƳōǊŀƴŜ ό/¢aύ ŀǘ ǘƘŜ 

ǇŜǊƛƳŜǘŜǊ ƻŦ ǇȅǊŜƴƻƛŘΦ ¢Ƙƛǎ ¢-ȊƻƴŜ ŀǇǇŜŀǊǎ ǘƻ ōŜ ŀ ǇǊƛǾƛƭŜƎŜŘ ƭƻŎŀǘƛƻƴ ŦƻǊ t{LL ǎǳōǳƴƛǘ ǎȅƴǘƘŜǎƛǎ 

ŀƴŘ ŀǎǎŜƳōƭȅ ώнмпϐΦ /ƘƭƻǊƻǇƘȅƭƭ ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ŎƻƳǇƻƴŜƴǘ ƻŦ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ŎƻƳǇƭŜȄŜǎΤ ƛǘ ƛǎ 

ǘƘŜ ƳŀƧƻǊ ǇƛƎƳŜƴǘ ǘƘŀǘ ƘŀǊǾŜǎǘǎ ƭƛƎƘǘ ŜƴŜǊƎȅΦ Lǘ ǘǊŀƴǎŦŜǊǎ ǘƘƛǎ ŜƴŜǊƎȅ ōȅ ǊŜǎƻƴŀƴŎŜ ŜƴŜǊƎȅ 
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ǘǊŀƴǎŦŜǊ ǘƻ ǘƘŜ ǇƘƻǘƻǎȅǎǘŜƳǎΣ ŀƴŘ ŎƘƭƻǊƻǇƘȅƭƭ ǇƻǎƛǘƛƻƴŜŘ ƛƴ ǘƘŜ ǊŜŀŎǘƛƻƴ ŎŜƴǘŜǊǎ ƻŦ t{L ŀƴŘ t{LL 

ŀŎǘ ŀǎ ŎƻŦŀŎǘƻǊ ƛƴ ǘƘŜ ŎƘŀǊƎŜ ǎŜǇŀǊŀǘƛƻƴ ŀƴŘ ŜƭŜŎǘǊƻƴ ǘǊŀƴǎǇƻǊǘ ǊŜŀŎǘƛƻƴǎ ώнрфϐΦ ²ƘƛƭŜ ƛǘ Ƙŀǎ 

ōŜŜƴ ǎǳǇǇƻǎŜŘ ǘƘŀǘ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎ ƛǎ ƭƻŎŀƭƛȊŜŘ ǘƻ ǘƘŜ ǎƛǘŜ ƻŦ ǎȅƴǘƘŜǎƛǎ ŀƴŘ ŀǎǎŜƳōƭȅ ƻŦ 

ŎƘƭƻǊƻǇƘȅƭƭ-ōƛƴŘƛƴƎ ǇǊƻǘŜƛƴǎΣ ǘƘƛǎ Ƙŀǎ ƴƻǘ ōŜŜƴ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƻ Ƴȅ ƪƴƻǿƭŜŘƎŜΦ {ǳǊǇǊƛǎƛƴƎƭȅΣ 

ǘƘŜ ǎŀƳŜ ǉǳŜǎǘƛƻƴ ǊŜƎŀǊŘƛƴƎ ƘŜƳŜ ǎȅƴǘƘŜǎƛǎ ƛǎ ŀƭǎƻ ǳƴǊŜǎƻƭǾŜŘΤ ƛΦŜΦ ǿƘŜǘƘŜǊ ƻǊ ƴƻǘ ƛǘ ƛǎ Ŏƻ-

ƭƻŎŀƭƛȊŜŘ ǿƛǘƘ ŎȅǘƻŎƘǊƻƳŜ ǎȅƴǘƘŜǎƛǎΦ hƴŜ ǊŜŀǎƻƴ ŦƻǊ ǎǳŎƘ ŀ Ŏƻ-ƭƻŎŀƭƛȊŀǘƛƻƴ ƛǎ ǘƘŜ ǘƻȄƛŎƛǘȅ ƻŦ ŦǊŜŜ 

ŎƘƭƻǊƻǇƘȅƭƭ ŀƴŘ ƘŜƳŜΣ ǿƘƛŎƘ Ŏŀƴ ǇǊƻŘǳŎŜ wh{ ƛŦ ƴƻǘ ŎƻƴǘǊƻƭƭŜŘ ǿƛǘƘ ŀ ǾŀǊƛŜǘȅ ƻŦ ǇǊƻǘŜŎǘƛǾŜ 

ƳŜŎƘŀƴƛǎƳǎ ƻǊ ǎŜǉǳŜǎǘŜǊŜŘ ǿƛǘƘƛƴ ǇǊƻǘŜƛƴΦ ¢ƘŜǊŜŦƻǊŜΣ ƛǘ ƛǎ ǎǳǇǇƻǎŜŘ ǘƘŀǘ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ 

ŎƘƭƻǊƻǇƘȅƭƭ ǎƘƻǳƭŘ ōŜ ǊŀǇƛŘƭȅ ōƻǳƴŘ ǿƛǘƘ ƻǘƘŜǊ ŎƻƳǇƻƴŜƴǘǎ ǘƻ ŦƻǊƳ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ŎƻƳǇƭŜȄŜǎΦ 

hǳǊ ŀōƻǾŜƳŜƴǘƛƻƴŜŘ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ǇǊƻǘŜƻƳƛŎ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ǇȅǊŜƴƻƛŘ ǎǳƎƎŜǎǘ ǘƘŀǘ ǘƘŜ 

ǇȅǊŜƴƻƛŘ ŀƴŘ ŀŘƧŀŎŜƴǘ ǊŜƎƛƻƴ ŎƻǳƭŘ ōŜ ŀ ƭƻŎŀǘƛƻƴ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎΦ  

 tǊƻǘƻǇƻǊǇƘȅǊƛƴ L· ƛǎ ǘƘŜ ƛƴǘŜǊƳŜŘƛŀǘŜ ƛƴ ǘƘŜ ōƛƻǎȅƴǘƘŜǎƛǎ ƻŦ ōƻǘƘ ŎƘƭƻǊƻǇƘȅƭƭ ŀƴŘ ƘŜƳŜ 

ǿƘƛŎƘ Ƙŀǎ ǘƘŜ ǇƻǊǇƘȅǊƛƴ ǊƛƴƎ ōǳǘ ƭŀŎƪǎ ǘƘŜ ŎŜƴǘǊŀƭ ƳŜǘŀƭ ŀǘƻƳΤ aƎ ƻǊ CŜΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ LƴǎŜǊǘƛƻƴ 

aƎнҌ ƛƴǘƻ ǇǊƻǘƻǇƻǊǇƘȅǊƛƴ L· ōȅ aƎ-ŎƘŜƭŀǘŀǎŜ ό/I[LΣ /I[I ŀƴŘ /I[5ύ ƛǎ ǘƘŜ ƛƴƛǘƛŀƭ ǎǘŜǇ ŦƻǊ ǘƘŜ 

ǎǇŜŎƛŦƛŎ ōƛƻǎȅƴǘƘŜǎƛǎ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ώфлΣ фмϐΦ aƎ-ǇǊƻǘƻǇƻǊǇƘȅǊƛƴ L· ƛǎ ǘƘŜƴ ƳŜǘƘȅƭŀǘŜŘ ŀƴŘ 

ŎƻƴǾŜǊǘŜŘ ǘƻ ŘƛǾƛƴȅƭ-ǇǊƻǘƻŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ό5±-tŎƘƭƛŘŜύ ƛƴ ǘǿƻ ǎŜǉǳŜƴǘƛŀƭ ǎǘŜǇǎ ŎŀǘŀƭȅȊŜŘ ōȅ aƎ-

ǇǊƻǘƻǇƻǊǇƘȅǊƛƴ L· ƳŜǘƘȅƭǘǊŀƴǎŦŜǊŀǎŜ όtta¢ύ ŀƴŘ ŀ aƎ-ǇǊƻǘƻǇƻǊǇƘȅǊƛƴ L· ƳƻƴƻƳŜǘƘȅƭ ŜǎǘŜǊ 

όƻȄƛŘŀǘƛǾŜύ ŎȅŎƭŀǎŜ ό/w5м ŀƴŘ /¢Iмύ ώфнΣ фтϐΦ /w5м ό/ƻǇǇŜǊ ǊŜǎǇƻƴǎŜ ŘŜŦŜŎǘ мύ ƛǎ ǘƘŜ ŎȅŎƭŀǎŜ 

ǘƘŀǘ ŀŎŎǳƳǳƭŀǘŜǎ ǳƴŘŜǊ ŎƻƴŘƛǘƛƻƴǎ ƻŦ ŜƛǘƘŜǊ ŎƻǇǇŜǊ-ŘŜŦƛŎƛŜƴŎȅ ŀƴŘ ƻȄȅƎŜƴ-ŘŜŦƛŎƛŜƴŎȅ ǿƘƛƭŜ 

/¢Iм ƛǎ ŜȄǇǊŜǎǎŜŘ ǳƴŘŜǊ ŎƻǇǇŜǊ-ǎǳŦŦƛŎƛŜƴǘ ŀƴŘ ƻȄȅƎŜƴŀǘŜŘ ŎƻƴŘƛǘƛƻƴǎ ώнслϐΦ tǊƻǘƻŎƘƭƻǊƻǇƘȅƭƛŘŜ 

όtŎƘƭƛŘŜύ ƛǎ ŀ ǊŜŘǳŎŜŘ ǇǊƻŘǳŎǘ ŦǊƻƳ 5±-tŎƘƭƛŘŜ ōȅ ŀ 5±-tŎƘƭƛŘŜ-у-Ǿƛƴȅƭ ǊŜŘǳŎǘŀǎŜ ό5±wύ ώффϐ 

ώмллϐΦ /ƘƭƻǊƻǇƘȅƭƭƛŘŜ ŀ ƛǎ ƎŜƴŜǊŀǘŜŘ ōȅ ǘƘŜ ǊŜŘǳŎǘƛƻƴ ƻŦ ǇȅǊǊƻƭŜ ǊƛƴƎ ƻŦ tŎƘƭƛŘŜ ōȅ ƻƴŜ ƻŦ ǘǿƻ 
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ŘƛǎǘƛƴŎǘ ƛǎƻŦƻǊƳǎ ƻŦ ǇǊƻǘƻŎƘƭƻǊƻǇƘȅƭƛƭŘŜ ƻȄƛŘƻǊŜŘǳŎǘŀǎŜ όthwύΣ ƻƴŜ ƭƛƎƘǘ-ŘŜǇŜƴŘŜƴǘ ǘƘŜ ƻǘƘŜǊ 

ƭƛƎƘǘ-ƛƴŘŜǇŜƴŘŜƴǘ ώмлнΣ млтϐΦ ¢ƘŜ ƭŀǎǘ ǎǘŜǇ ŦƻǊ ŎƘƭƻǊƻǇƘȅƭƭ ŀ ŦƻǊƳŀǘƛƻƴ ŦǊƻƳ ŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ŀ 

ǿŀǎ ŎŀǘŀƭȅȊŜŘ ōȅ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŀǎŜ ό/I{ύ ώммтϐΦ /ƘƭƻǊƻǇƘȅƭƭ ō ƛǎ ǎȅƴǘƘŜǎƛȊŜŘ ŦǊƻƳ 

ŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ō ǿƘƛŎƘ ƛǎ ǎȅƴǘƘŜǎƛȊŜŘ ŦǊƻƳ ŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ŀ ōȅ ŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ŀ ƻȄƛŘŀǎŜ ό/!hύΦ 

¢Ƙƛǎ ǎǘŜǇ ǿŀǎ ŀƭǎƻ ŎŀǘŀƭȅȊŜŘ ōȅ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŀǎŜ ό/I{ύ ώмнлΣ мнмϐΦ  

        Lƴ ǘƘŜ ǿƻǊƪ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘƛǎ ŎƘŀǇǘŜǊΣ L ŀǎƪŜŘ ǿƘŜǘƘŜǊ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎ ƛǎ ƭƻŎŀƭƛȊŜŘ ǘƻ 

ǘƘŜ ǇȅǊŜƴƻƛŘΦ L ŘŜǘŜŎǘŜŘ ǘƘŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭ ŀƴŘ ŀ ŎƘƭƻǊƻǇƘȅƭƭ 

ōƛƻǎȅƴǘƘŜǘƛŎ ŜƴȊȅƳŜ ǿƛǘƘ ŦƭǳƻǊŜǎŎŜƴŎŜ ƳƛŎǊƻǎŎƻǇȅΦ ¢ƘŜ ŎƘƭƻǊƻǇƘȅƭƭ Ƴǳǘŀƴǘ ȅ-м ǿŀǎ ǳǎŜŘ ǘƻ 

ŘŜǘŜŎǘ ǘƘŜ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭΦ ¢Ƙƛǎ Ƴǳǘŀƴǘ Ƙŀǎ ŀ Ƴǳǘŀǘƛƻƴ ƛƴ ǘƘŜ ƴǳŎƭŜŀǊ ȅ-м ƎŜƴŜΣ 

ǿƘƛŎƘ ƛǎ ƴŜŜŘŜŘ ŦƻǊ /Ƙƭ[ ǘǊŀƴǎƭŀǘƛƻƴ ώммнϐΦ /Ƙƭ[ ƛǎ ƻƴŜ ƛƳǇƻǊǘŀƴǘ ǎǳōǳƴƛǘ ŦƻǊ ƭƛƎƘǘ ƛƴŘŜǇŜƴŘŜƴǘ 

thw ό[L5-thwύΦ ¢ƘŜǊŜŦƻǊŜ ȅ-м Ŏŀƴƴƻǘ ǊŜŘǳŎŜ ǇǊƻǘƻŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ǘƻ ŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ƛƴ ǘƘŜ ŘŀǊƪΦ 

¢ƘŜǊŜ ƛǎ ƴƻ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛȊŜŘ ŀƴŘ ǘƘŜ ŎƻƭƻǊ ƻŦ ǘƘƛǎ ǎǘǊŀƛƴ ƛǎ ȅŜƭƭƻǿ ƛƴ ǘƘŜ ŘŀǊƪΦ IƻǿŜǾŜǊΣ 

ǘƘƛǎ ǎǘǊŀƛƴ Ŏŀƴ ǎȅƴǘƘŜǎƛȊŜ ƭƛƎƘǘ-ŘŜǇŜƴŘŜƴǘ thw ό[5-thwύΣ ǿƘƛŎƘ Ŏŀƴ ǊŜŘǳŎŜ ǇǊƻǘƻŎƘƭƻǊƻǇƘȅƭƭƛŘŜ 

ǿƛǘƘ ƭƛƎƘǘ ƛƴŎǳōŀǘƛƻƴΦ Lǘ ǿƛƭƭ ǇǊƻŘǳŎŜ ǘƘŜ ŎƘƭƻǊƻǇƘȅƭƭ ǿƘŜƴ ǎƘƛŦǘŜŘ ǘƻ ƭƛƎƘǘ ŀƴŘ ǘƘŜ ŎƻƭƻǊ ƻŦ ǘƘŜ 

ŎǳƭǘǳǊŜ ǿƛƭƭ ǘǳǊƴ ŦǊƻƳ ȅŜƭƭƻǿ ǘƻ ƎǊŜŜƴΦ ¢Ƙƛǎ ǇǊƻŎŜǎǎ ƛǎ ŎŀƭƭŜŘ άƎǊŜŜƴƛƴƎέΦ ¢ƘǳǎΣ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ 

ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭ ǿŀǎ ŘŜǘŜŎǘŜŘ ƛƴ ƎǊŜŜƴƛƴƎ ȅ-мΦ 

       ¢ƘŜ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭ ǿŀǎ ŦƻǳƴŘ ƛƴ ǘǿƻ ƭƻŎŀǘƛƻƴǎΤ ƛƴ ǘƘŜ ǇƻǎǘŜǊƛƻǊ ƭƻōŜ ƻŦ ǘƘŜ 

ŎƘƭƻǊƻǇƭŀǎǘ όǿƘƛŎƘ Ŏƻƴǘŀƛƴǎ ǘƘŜ ǇȅǊŜƴƻƛŘ ώ/ƘŀǇǘŜǊ мϐύΣ ŀƴŘ ǘƛǇǎ ƻŦ ƭƻōŜǎΣ ƴŜŀǊ ǘƘŜ ŦƭŀƎŜƭƭŀΦ  ¢ƘŜ 

ŀǳǘƻ-ŦƭǳƻǊŜǎŎŜƴŎŜ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ǿŀǎ ƴƻǘ ŜƴǊƛŎƘŜŘ ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘΦ [5-thw ƻƴƭȅ ƭƻŎŀƭƛȊŜŘ ŀǘ ǘƘŜ 

ǇŜǊƛǇƘŜǊȅ ƻŦ ǇȅǊŜƴƻƛŘ ƛƴ ȅ-м Ƴǳǘŀƴǘ ǿƘŜƴ ƛǘ ǿŀǎ ƎǊƻǿƴ ƛƴ ŘŀǊƪΦ .ȅ ŎƻƴǘǊŀǎǘΣ [5-thw ƛƴ ŀ ǿƛƭŘ-

ǘȅǇŜ ǎǘǊŀƛƴ ό//рлоύ ǎƘƻǿŜŘ ŀ ǊƛƴƎ-ƭƛƪŜ ǇŀǘǘŜǊƴ ƻŦ [5-thw LC ǎƛƎƴŀƭ ƛƴ ŀ ǊŜƎƛƻƴ ŎŀƭƭŜŘ ǘƘŜ ƭƻōŜ 

ƧǳƴŎǘƛƻƴΦ aȅ ŎƻƭƭŜŀƎǳŜǎ ŀƴŘ L ǎƘƻǿŜŘ ǘƘŀǘ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ǇǊƻǘŜƛƴ ƛƳǇƻǊǘ ŎƻƳǇƭŜȄŜǎ ¢L/ ŀƴŘ 
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¢h/ ŀǊŜ ƭƻŎŀƭƛȊŜŘ ƛƴ ǘƘƛǎ ǇŀǘǘŜǊƴΣ ǎǳƎƎŜǎǘƛƴƎ ǘƘŀǘ ŎƘƭƻǊƻǇƭŀǎǘ ǇǊƻǘŜƛƴ ƛƳǇƻǊǘ ƛǎ ƭƻŎŀƭƛȊŜŘ ƛƴ 

ǊŜƎƛƻƴǎ ŀŘƧŀŎŜƴǘ ǘƻ ǘƘŜ ¢-ȊƻƴŜ ώнмпϐΦ ¢ƘŜ ǊŜǎǳƭǘǎ ǊŜǾŜŀƭŜŘ ƳǳŎƘ ƳƻǊŜ ŎƻƳǇƭŜȄ ǇŀǘǘŜǊƴǎ ƻŦ 

ŎƘƭƻǊƻǇƘȅƭƭ ŦƭǳƻǊŜǎŎŜƴŎŜ ƛƴ ǘƘŜ ŜŀǊƭȅ ƎǊŜŜƴƛƴƎ ȅ-м ŎŜƭƭǎ ǘƘŀƴ ǎƛƳǇƭŜ ŀǇǇŜŀǊŀƴŎŜ ǿƛǘƘƛƴ ǘƘŜ 

ǇȅǊŜƴƻƛŘ όŘŜǎŎǊƛōŜŘ ōŜƭƻǿύΣ ōǳǘ ŀǊŜ ƴŜǾŜǊǘƘŜƭŜǎǎ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ ǇȅǊŜƴƻƛŘ ƻǊ ƛǘǎ ǎǳǊŦŀŎŜ 

ōŜƛƴƎ ŀ ǇǊƛƳŀǊȅ ƭƻŎŀǘƛƻƴ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎΦ  

 ¢ƘŜ ŀǇǇŜŀǊŀƴŎŜ ƻŦ ǘƘŜ ŦƛǊǎǘ ŎƘƭƻǊƻǇƘȅƭƭ ŦƭǳƻǊŜǎŎŜƴŎŜ ŀǘ ǘƘŜ ŜƴŘǎ ƻŦ ǘƘŜ ƭƻōŜǎ ƛƴ ŜŀǊƭȅ 

ƎǊŜŜƴƛƴƎ ȅ-м ŎŜƭƭǎ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǘƘŜǎŜ ǊŜƎƛƻƴǎ ŀǊŜ ŀƭǎƻ ƭƻŎŀǘƛƻƴǎ ƻŦ ǎȅƴǘƘŜǎƛǎ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ŀƴŘΣ 

ōȅ ŜȄǘŜƴǎƛƻƴΣ ŎƘƭƻǊƻǇƘȅƭƭ-ōƛƴŘƛƴƎ ǇǊƻǘŜƛƴǎΦ tǊŜǾƛƻǳǎ ǿƻǊƪ ƛƴ ǘƘŜ ƭŀōΣ ǊŜǾƛŜǿŜŘ ŀōƻǾŜΣ ŦƻǳƴŘ 

ŜǾƛŘŜƴŎŜ ƻƴƭȅ ŦƻǊ ǘƘŜ ƭƻŎŀƭƛȊŜŘ ǎȅƴǘƘŜǎƛǎ ƻŦ t{LL ǎǳōǳƴƛǘǎ ŀƴŘ w./[ ƛƴ ǘƘŜ ¢-ȊƻƴŜ ώнмнϐΦ ¢-ȊƻƴŜ 

ƭƻŎŀƭƛȊŀǘƛƻƴ ǿŀǎ ƴƻǘ ƻōǎŜǊǾŜŘ ŦƻǊ ǘƘŜ Ǉǎŀ! ŎƘƭƻǊƻǇƭŀǎǘ Ƴwb!Σ ŜƴŎƻŘƛƴƎ ŀ ƳŀƧƻǊ ŎƻǊŜ ǎǳōǳƴƛǘ ƻŦ 

t{L όtǎŀ!ύΣ ƻǊ ŀ ōƛƻŎƘŜƳƛŎŀƭ ŦŀŎǘƻǊ ǘƘŀǘ ƛǎ ǎǇŜŎƛŦƛŎŀƭƭȅ ƛƴǾƻƭǾŜŘ ƛƴ t{L ŀǎǎŜƳōƭȅ ώнмнϐΦ {ƛƳƛƭŀǊƭȅΣ 

ǘƘŜ /¢a ǎƘƻǿŜŘ ƳŀǊƪŜǊǎ ƻŦ t{LL ŀǎǎŜƳōƭȅΣ ōǳǘ ƴƻǘ t{L ŀǎǎŜƳōƭȅ ώнмпϐΦ !ƭǘƘƻǳƎƘ ǘƘŜ Ǉǎŀ! 

Ƴwb! ŀƴŘ ǘƘŜ t{L ŀǎǎŜƳōƭȅ ŦŀŎǘƻǊǎ ǿŜǊŜ ƴƻǘ ǎŜŜƴ ǘƻ ƭƻŎŀƭƛȊŜ ƛƴ ǎƛǘǳ ǘƻ ǘƘŜ ƭƻōŜ ŜƴŘǎΣ ǘƘƛǎ 

ǇŀǘǘŜǊƴ ǿŀǎ ƻōǎŜǊǾŜŘ ŦƻǊ ŎƘƭƻǊƻǇƭŀǎǘ ǊƛōƻǎƻƳŀƭ ǇǊƻǘŜƛƴǎ όƳŀǊƪŜǊǎ ƻŦ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ǊƛōƻǎƻƳŜ 

ŀƴŘΣ ǇƻǘŜƴǘƛŀƭƭȅΣ ǘǊŀƴǎƭŀǘƛƻƴŀƭ ŀŎǘƛǾƛǘȅύΦ ¢ƘŜǊŜŦƻǊŜΣ ƛǘ ǿƛƭƭ ōŜ ƛƳǇƻǊǘŀƴǘ ǘƻ ŜȄǇƭƻǊŜ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ 

ǘƘŀǘ ǘƘŜ ŜƴŘǎ ƻŦ ǘƘŜ ƭƻōŜǎ ŀǊŜ ōƛƻƎŜƴƛŎ ǊŜƎƛƻƴǎ ŦƻǊ t{LΣ ƻǊ ǘƘŜ ƭƛƎƘǘ-ƘŀǊǾŜǎǘƛƴƎ ŎƻƳǇƭŜȄΦ  

 пΦн aŀǘŜǊƛŀƭǎ ŀƴŘ aŜǘƘƻŘǎ 

 /Ŝƭƭ ŎǳƭǘǳǊƛƴƎ ŀƴŘ ǘǊŜŀǘƳŜƴǘ 

/Ŝƭƭ ǎǘŀƛƴǎ ǳǎŜŘ ƛƴ ǘƘƛǎ ŎƘŀǇǘŜǊ ǿŜǊŜ ƭƛǎǘŜŘ ōŜƭƻǿΦ 

 ¢ŀōƭŜ пΦм ǎǘǊŀƛƴǎ ǳǎŜŘ ƛƴ ǘƘŜ ŎƘƭƻǊƻǇƘȅƭƭ ŘŜǘŜŎǘƛƻƴ 

bŀƳŜ aǳǘŀǘƛƻƴ ǇƭŀŎŜ 
 

/Ƙƭ ƛƴǘŜǊƳŜŘƛŀǘŜ ŀŎŎǳƳǳƭŀǘƛƻƴ  /ƻƭƻǊ ŀƴŘ ƎǊƻǿǘƘ ŎƻƴŘƛǘƛƻƴ 

//-рло όǿƛƭŘ ǘȅǇŜύ - - DǊŜŜƴκ ƭƛƎƘǘ ƻǊ ŘŀǊƪ 

//-ооф  /I[I tǊƻǘƻǇƻǊǇƘȅǊƛƴ L· .Ǌƻǿƴκ ŘŀǊƪ 

//-пнсм  /I[a aƎ-ǇǊƻǘƻǇƻǊǇƘȅǊƛƴ L· ¸Ŝƭƭƻǿκ ŘŀǊƪ 

ȅ-м ȅ ƎŜƴŜ tǊƻǘƻŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ¸Ŝƭƭƻǿ ƛƴ ŘŀǊƪΤ  
ƎǊŜŜƴ ƛƴ ƭƛƎƘǘ 
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        /Ŝƭƭǎ ǿŜǊŜ ŎǳƭǘǳǊŜŘ ǘƻ ǘƘŜ ŘŜƴǎƛǘȅ ƻŦ н-п ·млс ŎŜƭƭǎκ ƳƭΦ //-оофΣ //-пнсм ŀƴŘ ȅ-м ǿŜǊŜ 

ƎǊƻǿƴ ƛƴ ǘƘŜ ŘŀǊƪ ŎƻƴŘƛǘƛƻƴ ǿƘƛƭŜ //рло ǿŀǎ ƎǊƻǿƴ ǳƴŘŜǊ ƳƻŘŜǊŀǘŜ ƭƛƎƘǘ όрл 9˃ Ƴҍн ǎҍмύΦ ¢ƘŜ 

ŘŀǊƪ-ƎǊƻǿƴ ȅ-м ŎǳƭǘǳǊŜ ǿŀǎ ǘǊŀƴǎŦŜǊǊŜŘ ǘƻ ǘƘŜ ƳƻŘŜǊŀǘŜ ƭƛƎƘǘ ŎƻƴŘƛǘƛƻƴ ŦƻǊ мΣ нΣ оΣ нл ŀƴŘ фн 

ƘƻǳǊǎ ƛƴŎǳōŀǘƛƻƴ ŀƴŘ ǘƘŜƴ ŘŜǘŜŎǘŜŘ ŦƻǊ ŎƘƭƻǊƻǇƘȅƭƭ ŀǳǘƻ-ŦƭǳƻǊŜǎŎŜƴŎŜΦ 

/ƘƭƻǊƻǇƘȅƭƭ ŀǳǘƻ-ŦƭǳƻǊŜǎŎŜƴŎŜ ƛƳŀƎƛƴƎ ƛƴ ƭƛǾƛƴƎ ŎŜƭƭǎ 

        /Ŝƭƭǎ ǿŜǊŜ ŀŘŘŜŘ ǘƻ Ŝǉǳŀƭ ŀƳƻǳƴǘ ƻŦ млл҈ όǾκǾύ ƎƭȅŎŜǊƻƭΣ ƛƴ ƻǊŘŜǊ ǘƻ ƛƳƳƻōƛƭƛȊŜ ǘƘŜƳ 

ŘǳǊƛƴƎ ƛƳŀƎƛƴƎ ōȅ ƳƛŎǊƻǎŎƻǇȅΦ ¢ƘŜ ƳƛȄǘǳǊŜ ǿŀǎ ǎǇǊŜŀŘ ƛƴ ǘƘŜ ŎŜƴǘŜǊ ƻŦ ǘƘŜ ƳƛŎǊƻǎŎƻǇŜ ǎƭƛŘŜ ŀƴŘ 

ŎƻǾŜǊŜŘ ǿƛǘƘ ŀ ŎƻǾŜǊ ǎƭƛǇ ǘƘŜƴ ǎŜŀƭŜŘ ǿƛǘƘ ƴŀƛƭ ǇƻƭƛǎƘΦ ¢Ƙƛǎ ǎǘŜǇ ǿŀǎ ƴƻǘ ŘƻƴŜ ǳƴŘŜǊ ŎƻƳǇƭŜǘŜƭȅ 

ŘŀǊƪ ŎƻƴŘƛǘƛƻƴΣ ǘƘǳǎ ȅ-м ŎŜƭƭǎ ŜȄŀƳƛƴŜŘ ƛƴ άл Ƙέ ƭƛƎƘǘ ŜȄǇƻǎǳǊŜ ŎƻƴŘƛǘƛƻƴ ǿŜǊŜ ŀŎǘǳŀƭƭȅ ŜȄǇƻǎŜŘ 

ǘƻ ŘƛƳ ƭƛƎƘǘ ŦƻǊ ŀ ŎƻǳǇƭŜ ƳƛƴǳǘŜǎΦ ¢ƘŜ ǎƭƛŘŜǎ ǿŜǊŜ ŜȄŀƳƛƴŜŘ ōȅ ŀ ƭŀǎŜǊ ǎŎŀƴƴƛƴƎ ŎƻƴŦƻŎŀƭ 

ƳƛŎǊƻǎŎƻǇŜ [ŜƛŎŀ ¢/{ {tн ό[ŜƛŎŀύΦ ¢ƘŜ ŜȄŎƛǘŀǘƛƻƴ ǿŀǾŜƭŜƴƎǘƘ ǿŀǎ пуу ƴƳ ŀƴŘ ǘƘŜ ŜƳƛǎǎƛƻƴ ŦƛƭǘŜǊ 

ǿŀǎ ŀŘƧǳǎǘŜŘ ǘƻ слл ƴƳ ǘƻ тлл ƴƳΦ 

LC ǎǘŀƛƴƛƴƎ  

       !ƭƭ ǇǊƻŎŜŘǳǊŜǎ ǿŜǊŜ ŘŜǎŎǊƛōŜŘ ǇǊŜǾƛƻǳǎƭȅ ώнлнϐΦ ¢ƘŜ ǇǊƛƳŀǊȅ ŀƴǘƛōƻŘƛŜǎ ǳǎŜŘ ǿŜǊŜ ŎƘƛŎƪŜƴ 

!ǘǇ. όмΥнлллύΣ ŎƘƛŎƪŜƴ 5м όмΥмлллύ ό!ƎǊƛǎŜǊŀύΣ Ǌŀōōƛǘ thw όмΥнлллύΦ Dƻŀǘ ŀƴǘƛ-ŎƘƛŎƪŜƴ CL¢/ 

ǎŜŎƻƴŘŀǊȅ ŀƴǘƛōƻŘȅ ŀƴŘ !ƭŜȄŀ CƭǳƻǊ пуу ƻǊ рсу Ǝƻŀǘ ŀƴǘƛ Ǌŀōōƛǘ LƎD όIҌ[ύ ǎŜŎƻƴŘŀǊȅ ŀƴǘƛōƻŘȅ 

όLƴǾƛǘǊƻƎŜƴύ ǿŜǊŜ ǳǎŜŘ ǘƻ ƛƴǘǊƻŘǳŎŜ ŦƭǳƻǊŜǎŎŜƴǘ ǎƛƎƴŀƭ ǘƻ ŘŜǘŜŎǘƛƻƴΦ ¢ƘŜ ǎǇŜŎƛƳŜƴǎ ǿŜǊŜ 

ŜȄŀƳƛƴŜŘ ōȅ ŀ [ŜƛŎŀ 5aL сллл ŜǇƛ-ŦƭǳƻǊŜǎŎŜƴǘ ƳƛŎǊƻǎŎƻǇŜ ǿƛǘƘ ŀ со·κмΦп ƻōƧŜŎǘƛǾŜΣ ŀ 

IŀƳŀƳŀǘǎǳ hǊŎŀwн ŎŀƳŜǊŀΣ ŀƴŘ ±ƻƭƻŎƛǘȅ ŀŎǉǳƛǎƛǘƛƻƴ ǎƻŦǘǿŀǊŜ όtŜǊƪƛƴ-9ƭƳŜǊύ ƛƴ ǘƘŜ 5L/Σ DCt 

ŀƴŘ ¢ŜȄŀǎ wŜŘ ŎƘŀƴƴŜƭǎΦ 
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пΦо wŜǎǳƭǘǎ 

пΦоΦм /ƘƭƻǊƻǇƘȅƭƭ ŦƭǳƻǊŜǎŎŜƴŎŜ ƛƴ ǘƘŜ ȅ-м Ƴǳǘŀƴǘ ǿŀǎ ŘŜǘŜŎǘŜŘ ŀǊƻǳƴŘ ǘƘŜ ǇŜǊƛǇƘŜǊȅ ƻŦ ǘƘŜ 

ǇȅǊŜƴƻƛŘ ŀƴŘ ƛƴ ǘƘŜ ŜƴŘ ǊŜƎƛƻƴǎ ƻŦ ǘƘŜ ƭƻōŜǎΦ 

      Lƴ ǘƘŜ ǇǊŜƭƛƳƛƴŀǊȅ ǊŜǎǳƭǘǎ ƻŦ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜΣ ǎƛȄ ŜƴȊȅƳŜǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ŎƘƭƻǊƻǇƘȅƭƭ 

ōƛƻǎȅƴǘƘŜǎƛǎ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘ ό/ƘŀǇǘŜǊ оύΦ ¢ƘŜ ǇǊƻǘŜƻƳŜ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ ƻǇŜƴǎ ŀ ƴŜǿ ŀǾŜƴǳŜ ǘƻ 

ǘƘŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ǘƘƛǎ ǇǊƻŎŜǎǎΦ L ǳǎŜŘ ŦƭǳƻǊŜǎŎŜƴŎŜ ƳƛŎǊƻǎŎƻǇȅ ǘƻ ŘŜǘŜŎǘ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ 

ŎƘƭƻǊƻǇƘȅƭƭ ƛƴ ƭƛǾƛƴƎ ŎŜƭƭǎΦ  

¢ƘŜ ŎƘƭƻǊƻǇƘȅƭƭ ŦƭǳƻǊŜǎŎŜƴŎŜ ǿŀǎ ƛƳŀƎŜŘ ƛƴ ȅ-м ŎŜƭƭǎ ǘƘŀǘ ǿŜǊŜ ŘŀǊƪ-ƎǊƻǿƴ ŀƴŘ ǘƘŜƴ 

ƳŀƛƴǘŀƛƴŜŘ ƛƴ ƴŜŀǊ ŘŀǊƪƴŜǎǎ όaŀǘŜǊƛŀƭǎ ŀƴŘ aŜǘƘƻŘǎύ όл Ƙύ ƻǊ ŜȄǇƻǎŜŘ ǘƻ ƭƛƎƘǘ ǘƻ ƛƴƛǘƛŀǘŜ 

ƎǊŜŜƴƛƴƎ ŦƻǊ м ƘΣ н ƘΣ о ƘΣ нл Ƙ ƻǊ фс ƘΦ ¢ƘŜ ŎƘƭƻǊƻǇƘȅƭƭ ŦƭǳƻǊŜǎŎŜƴŎŜ ǿŀǎ ǎŜŜƴ ŀǊƻǳƴŘ ǘƘŜ 

ǇȅǊŜƴƻƛŘ ŀƴŘ ŀǘ ǘƘŜ ŜƴŘǎ ƻŦ ǘƘŜ ƭƻōŜǎ ƛƴ ǘƘŜ ŎŜƭƭǎ ŦǊƻƳ ǘƘŜ л ƘΣ м Ƙ ŀƴŘ о Ƙ ǘƛƳŜ Ǉƻƛƴǘǎ όCƛƎΦ пΦм 

!ύΦ ¢ƘŜǊŜ ǿŀǎ ǿŜŀƪ ŎƘƭƻǊƻǇƘȅƭƭ ŦƭǳƻǊŜǎŎŜƴŎŜ ǎƘƻǿƛƴƎ ƛƴ ŎŜƭƭǎ ŦǊƻƳ ǘƘŜ л Ƙ ǘƛƳŜ ǇƻƛƴǘΣ ǿƘƛŎƘ ǿŀǎ 

ǇŀǊǘƛŎǳƭŀǊƭȅ ƭƻŎŀƭƛȊŜŘ ǘƻ ǘƘŜ ǇŜǊƛƳŜǘŜǊ ƻŦ ǇȅǊŜƴƻƛŘΣ ǿƛǘƘ ƭŜǎǎ ŦƭǳƻǊŜǎŎŜƴŎŜ ŦǊƻƳ ǿƛǘƘƛƴ ǘƘŜ 

ǇȅǊŜƴƻƛŘ όCƛƎΦ пΦм !ύΦ ¢ƘŜ ŎƘƭƻǊƻǇƘȅƭƭ ŦƭǳƻǊŜǎŎŜƴŎŜ ƛƴ ȅ-м ŎŜƭƭǎ ǿŀǎ ŜƭŜǾŀǘŜŘ ƛƴ ǘƘŜ ŎŜƭƭǎ ŀŘŀǇǘŜŘ 

ǘƻ ƭƛƎƘǘ ŦƻǊ мƘ ǘƻ оƘ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ǎƛƎƴŀƭ ƛƴ άлƘέ ƭƛƎƘǘ ƛƴŎǳōŀǘŜŘ ŎŜƭƭǎ όCƛƎΦ пΦм !ύΦ  
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CƛƎǳǊŜ пΦм !ǳǘƻ-ŦƭǳƻǊŜǎŎŜƴŎŜ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ǿŀǎ ŜȄŀƳƛƴŜŘ ƛƴ ȅ-мΣ //рло ŀƴŘ ǘǿƻ ƻǘƘŜǊ 

ŎƘƭƻǊƻǇƘȅƭƭ ƳǳǘŀƴǘǎΦ 

!ύ !ǳǘƻ-ŦƭǳƻǊŜǎŎŜƴŎŜ ƻŦ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭ όǊŜŘύ ƛƴ ȅ-м ǿŀǎ ŘŜǘŜŎǘŜŘ ƛƴ ŘŀǊƪ ƎǊƻǿƴ 

ŎǳƭǘǳǊŜ ŀƴŘ ƛƴ ǘƘŜ ŎǳƭǘǳǊŜ ǘǊŀƴǎŦŜǊǊŜŘ ǘƻ ƭƛƎƘǘ ƛƴŎǳōŀǘƛƻƴ ŦƻǊ мƘΣ нƘΣ оƘΣ нлƘ ŀƴŘ фн Ƙ ōȅ ƭŀǎŜǊ 

ǎŎŀƴƴŜǊ ŎƻƴŦƻŎŀƭ ƳƛŎǊƻǎŎƻǇȅΦ /Ŝƭƭ ǎƘŀǇŜ ǿŀǎ ƻōǎŜǊǾŜŘ ƛƴ 5L/ ŎƘŀƴƴŜƭ .ύ ¢ƘŜ ŎƘƭƻǊƻǇƘȅƭƭ ƛƴ 

//рло ƎǊƻǿƴ ǳƴŘŜǊ Ŏƻƴǎǘŀƴǘ ƭƛƎƘǘ ǿŀǎ ŜȄŀƳƛƴŜŘ όƭŜŦǘύΦ ¢ƘŜ ǘǿƻ ŎƘƭƻǊƻǇƘȅƭƭ ƳǳǘŀƴǘǎΤ //ооф ŀƴŘ 

//пнсм ǎƘƻǿŜŘ ǿŜŀƪ ǎƛƎƴŀƭ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ƛƴ ǘƘŜƳ όǊƛƎƘǘύΦ /ύ ! ŎŀǊǘƻƻƴ ƛƭƭǳǎǘǊŀǘƛƻƴ ǎƘƻǿŜŘ 

ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭ ŘƛǎǘǊƛōǳǘƛƻƴ ƛƴ ȅ-м ǎǘǊŀƛƴ όǊŜŘύ όbΤ ƴǳŎƭŜƻǳǎΣ /ȅΤ ŎȅǘƻǇƭŀǎƳΣ ŎǇΤ 

ŎƘƭƻǊƻǇƭŀǎǘύΦ {ƛȊŜ ōŀǊ ƛƴŘƛŎŀǘŜŘ р Ƴ˃Φ 
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       Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ǘƘŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ŀǊƻǳƴŘ ǘƘŜ ǇȅǊŜƴƻƛŘΣ L ŀƭǎƻ ƻōǎŜǊǾŜŘ ǘƘŀǘ ǎƻƳŜ ƻŦ ǘƘŜ ŎŜƭƭǎ 

ƘŀŘ ǎƛƎƴŀƭ ǎǇŜŎƛŦƛŎŀƭƭȅ ŜƴǊƛŎƘŜŘ ƛƴ ¢-ȊƻƴŜ ώнмпϐΣ ŦƻǊ ŜȄŀƳǇƭŜ ǘƘŜ ŎŜƭƭǎ ƛƴ CƛƎΦ пΦм ! όǘƘŜ н Ƙ ƭƛƎƘǘ 

ƛƴŎǳōŀǘƛƻƴύΦ ¢ƘŜ ǘ-ȊƻƴŜ ŀƴŘ /¢a ŀǊŜ ƛŘŜƴǘƛŦƛŜŘ ŀǎ ƭƻŎŀǘƛƻƴǎ ŦƻǊ t{LL ōƛƻǎȅƴǘƘŜǎƛǎ ŀƴŘ ŀǎǎŜƳōƭȅ 

ώоуϐΦ ¢Ƙƛǎ ƳƛƎƘǘ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ǘƘŜ ōƛƻǎȅƴǘƘŜǎƛǎ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ƛǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ŀǎǎŜƳōƭȅ ƻŦ t{LLΦ 

          Lƴ ȅ-м ŎŜƭƭǎ ŀŦǘŜǊ нл Ƙ ƻŦ ƎǊŜŜƴƛƴƎΣ ǘƘŜ ǇŀǘǘŜǊƴǎ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ŦƭǳƻǊŜǎŎŜƴŎŜ ŀǊƻǳƴŘ ǘƘŜ 

ǇȅǊŜƴƻƛŘ ŀƴŘ ǘƘŜ ŜƴŘǎ ƻŦ ƭƻōŜǎ ǿŀǎ ƴƻǘ ŀǎ ƻōǾƛƻǳǎ ŀǎ ŀǘ ǘƘŜ ŜŀǊƭƛŜǊ ǘƛƳŜ Ǉƻƛƴǘǎ ŀƴŘ ǘƘŜ 

ŦƭǳƻǊŜǎŎŜƴŎŜ ǿŀǎ ŘƛǎǇŜǊǎŜŘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ όCƛƎΦ пΦм !Σ {ǳǇ CƛƎ пΦмύΦ hǾŜǊ о Řŀȅǎ 

ŜȄǇƻǎǳǊŜ ǘƻ ǘƘŜ ƭƛƎƘǘΣ ǘƘŜ ŎƘƭƻǊƻǇƘȅƭƭ ŦƭǳƻǊŜǎŎŜƴŎŜ ǿŀǎ ǎƛƳƛƭŀǊ ǎƘŀǇŜ ƻŦ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ǘƘŀǘ ǿŀǎ 

ǎŜŜƴ ƛƴ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ό//рлоύ ŎŜƭƭǎΦ ¢ƘŜ ŎƻƭƻǊ ƻŦ ǘƘŜ ȅ-м ŎǳƭǘǳǊŜǎ ŀǘ ǘƘƛǎ ǘƛƳŜ Ǉƻƛƴǘ ŀƭǎƻ ƘŀŘ 

ōŜŎƻƳŜ ƎǊŜŜƴ ŦǊƻƳ ǘƘŜƛǊ ƻǊƛƎƛƴŀƭ ȅŜƭƭƻǿ όCƛƎΦ пΦм ! ŀƴŘ .ύΦ !ƭǘƘƻǳƎƘ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ 

ŎƘƭƻǊƻǇƘȅƭƭ ŘƛŘ ƴƻǘ ƭƻŎŀƭƛȊŜ ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘΣ ǘƘŜ ŎƭƻǎŜ ƭƻŎŀǘƛƻƴ ǘƻ ǇȅǊŜƴƻƛŘ ŀƭǎƻ ǎǳƎƎŜǎǘ ǘƘŀǘ 

ǇȅǊŜƴƻƛŘ ŎƻǳƭŘ ǊŜƭŀǘŜ ǘƻ ǘƘŜ ōƛƻǎȅƴǘƘŜǎƛǎ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭΦ  

        Lƴ ƻǊŘŜǊ ǘƻ ŎƻƴŦƛǊƳ ǘƘŀǘ ǘƘŜ ŀǳǘƻ-ŦƭǳƻǊŜǎŎŜƴŎŜ ŘŜǎŎǊƛōŜŘ ŀōƻǾŜ ƛǎ ƛƴŘŜŜŘ ŦǊƻƳ ŎƘƭƻǊƻǇƘȅƭƭΣ L 

ŀƭǎƻ ŀƴŀƭȅǎŜŘ ǘǿƻ ŎƘƭƻǊƻǇƘȅƭƭ ŘŜŦƛŎƛŜƴǘ Ƴǳǘŀƴǘǎ ŀǎ ƴŜƎŀǘƛǾŜ ŎƻƴǘǊƻƭǎΦ //ооф ƭŀŎƪǎ ǘƘŜ /I[I 

ǎǳōǳƴƛǘ ƻŦ aƎ-ŎƘŜƭŀǘŀǎŜ ŀƴŘ ŀŎŎǳƳǳƭŀǘŜǎ ǇǊƻǘƻǇƻǊǇƘȅǊƛƴ L· ώнсмϐΦ //пнсм ƭŀŎƪǎ aƎ-

ǇǊƻǘƻǇƻǊǇƘȅǊƛƴ L· ƳŜǘƘȅƭǘǊŀƴǎŦŜǊŀǎŜ ŀƴŘ ŀŎŎǳƳǳƭŀǘŜǎ aƎ-ǇǊƻǘƻǇƻǊǇƘȅǊƛƴ L· ώнсмϐΦ ¢ƘŜȅ ōƻǘƘ 

ƭŀŎƪ ŎƘƭƻǊƻǇƘȅƭƭΦ ²ƘŜƴ ŜȄŀƳƛƴŜŘ ǳƴŘŜǊ ǘƘŜ ǎŀƳŜ ƳƛŎǊƻǎŎƻǇȅ ǎŜǘǘƛƴƎǎ ŀǎ ǘƘŜ ȅ-м ŎŜƭƭǎΣ ƴŜƛǘƘŜǊ 

Ƴǳǘŀƴǘ ǎƘƻǿŜŘ ŀǳǘƻ-ŦƭǳƻǊŜǎŎŜƴŎŜ ǎƛƎƴŀƭ όCƛƎΦ пΦм .ύΦ ¢ƘŜǎŜ ǊŜǎǳƭǘǎ ŎƻƴǘǊƻƭ ŦƻǊ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ 

ǘƘŀǘ ƻƴŜ ƻǊ ƳƻǊŜ ƻǘƘŜǊ ƳƻƭŜŎǳƭŜǎ ƎŜƴŜǊŀǘŜŘ ǘƘŜ ŀǳǘƻ-ŦƭǳƻǊŜǎŎŜƴŎŜ ŀǘǘǊƛōǳǘŜŘ ǘƻ ŎƘƭƻǊƻǇƘȅƭƭ ƛƴ 

ǘƘŜ ƎǊŜŜƴƛƴƎ ȅ-м ŎŜƭƭǎΦ  
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пΦоΦн ¢ƘŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ǎƛƎƴŀƭ ŀǘ ǘƘŜ ǇŜǊƛƳŜǘŜǊ ƻŦ ǇȅǊŜƴƻƛŘ ŀƴŘ ǘƛǇ ƻŦ ƭƻōŜǎ ǿŀǎ 

ƴƻǘ ŘǳŜ ǘƻ ǘƘŜ ŀōƴƻǊƳŀƭ ǎƘŀǇŜ ƻŦ ŎƘƭƻǊƻǇƭŀǎǘ ƛƴ ȅ-мΦ 

²ƘŜƴ ŎǳƭǘǳǊŜŘ ƛƴ ǘƘŜ ŘŀǊƪΣ ȅŜƭƭƻǿ ȅ-м ŎŜƭƭǎ ǿŜǊŜ ǎƘƻǿƴ ǘƻ ƴƻǘ ƘŀǾŜ Ƴǳǘǳŀƭ ǘƘȅƭŀƪƻƛŘ 

ƳŜƳōǊŀƴŜǎ ŀƴŘ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ώнснϐΦ ²ƘŜƴ ƛǘ ǿŀǎ ǘǊŀƴǎŦŜǊǊŜŘ ǘƻ ƭƛƎƘǘΣ ǘƘŜ ǘƘȅƭŀƪƻƛŘ ōƛƻƎŜƴŜǎƛǎ 

ŀƴŘ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎ ƛƴƛǘƛŀǘŜŘΦ !ƴ ŀƭǘŜǊƴŀǘƛǾŜ ŜȄǇƭŀƴŀǘƛƻƴ ŦƻǊ ǘƘŜ ŎƘƭƻǊƻǇƘȅƭƭ ŀǳǘƻ-

ŦƭǳƻǊŜǎŎŜƴŎŜ ǇŀǘǘŜǊƴǎ ƛƴ ŜŀǊƭȅ ƎǊŜŜƴƛƴƎ ǎǘŀƎŜǎ ƻŦ ȅ-м ŎŜƭƭǎ ŎƻǳƭŘ ōŜ ǘƘŀǘ ǘƘŜ ǎƘŀǇŜ ƻŦ ŎƘƭƻǊƻǇƭŀǎǘ 

ƛǎ ŀōƴƻǊƳŀƭΣ ōŜƛƴƎ ŎƻƴǎǘǊƛŎǘŜŘ ōŜǘǿŜŜƴ ǘƘŜ ōŀǎŀƭ ǊŜƎƛƻƴ όǇƻǎǘŜǊƛƻǊ ǇŀǊǘ ǿƛǘƘ ǘƘŜ ǇȅǊŜƴƻƛŘύ ŀƴŘ 

ǘƘŜ ŜƴŘǎ ƻŦ ǘƘŜ ƭƻōŜǎΦ Lƴ ǘƘƛǎ ŎŀǎŜΣ ŀƭƭ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ǇǊƻǘŜƛƴǎ ǿƻǳƭŘ ǎƘƻǿ ŀ ǎƛƳƛƭŀǊ ǇŀǘǘŜǊƴΦ  

! ŎƘƭƻǊƻǇƭŀǎǘ ƳŀǊƪŜǊ ǇǊƻǘŜƛƴΣ !¢t ǎȅƴǘƘŀǎŜ . ό!ǘǇ.ύ ǿŀǎ ŘŜǘŜŎǘŜŘ ōȅ LC ǎǘŀƛƴƛƴƎ ǘƻ ǎƘƻǿ 

ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ǎƘŀǇŜ ƛƴ ŎŜƭƭǎ ŦǊƻƳ ǘƘŜ ǎŀƳŜ ŎǳƭǘǳǊŜǎ ŀƴŘ ǘƛƳŜ Ǉƻƛƴǘǎ ǘƘŀǘ ǿŜǊŜ ŀƴŀƭȅȊŜŘ ŦƻǊ 

ŎƘƭƻǊƻǇƘȅƭƭ ŀǳǘƻ-ŦƭǳƻǊŜǎŎŜƴŎŜ όŘŜǎŎǊƛōŜŘ ŀōƻǾŜύΦ !ǘ ǘƘŜ л Ƙ ǘƛƳŜ ǇƻƛƴǘΣ ǘƘŜ !ǘǇ. LC ǎǘǊŀƛƴƛƴƎ 

ǎƘƻǿŜŘ ŀ ŎƻƳǇƭŜǘŜ ŎƘƭƻǊƻǇƭŀǎǘ ƛƴ ŀƭƭ ƻǇǘƛŎŀƭ ǎŜŎǘƛƻƴǎ ŀƴŘ L ŘƛŘ ƴƻǘ ǎŜŜ ǘƘŜ ǇŀǘǘŜǊƴǎ ǘƘŀǘ ǿŜǊŜ 

ǎŜŜƴ ŦƻǊ ǘƘŜ ŎƘƭƻǊƻǇƘȅƭƭ ŀǳǘƻ-ŦƭǳƻǊŜǎŎŜƴŎŜΤ ƛƴ ǇŜǊƛƳŜǘŜǊ ƻŦ ǇȅǊŜƴƻƛŘǎ ƻǊ ŀǘ ǘƘŜ ŜƴŘǎ ƻŦ ǘƘŜ ƭƻōŜǎ 

όCƛƎΦ пΦнύΦ Lƴ ŎƻƴǘǊŀǎǘΣ ǘƘŜ ŎƘƭƻǊƻǇƘȅƭƭ ǎƛƎƴŀƭ ƻŦ ƭƛǾƛƴƎ ŎŜƭƭǎ ǎƘƻǿŜŘ ǘƘŜ ǎǇŜŎƛŀƭ ǇŀǘǘŜǊƴ ŀǎ ǎŜŜƴ 

ōŜŦƻǊŜ όCƛƎΦ пΦмύΦ ¢ƘŜ LC ǎƛƎƴŀƭ ǿŜǊŜ ƳƻǊŜ ƻōǾƛƻǳǎ ŀŦǘŜǊ ƛƴŎǳōŀǘŜŘ ƛƴ ǘƘŜ ƭƛƎƘǘΦ !ŦǘŜǊ о Ƙ ƻŦ 

ƎǊŜŜƴƛƴƎΣ ǘƘŜ ŎƘƭƻǊƻǇƘȅƭƭ ǎƛƎƴŀƭ ǿŀǎ ǎǘƛƭƭ ŎƻƴŎŜƴǘǊŀǘŜŘ ŀǊƻǳƴŘ ǘƘŜ ǇȅǊŜƴƻƛŘ ŀƴŘ ŀǘ ǘƘŜ ŜƴŘǎ ƻŦ 

ǘƘŜ ƭƻōŜǎΣ ǿƘƛƭŜ ǘƘŜ ǎƛƎƴŀƭ ƻŦ !ǘǇ. ǿŀǎ ŘƛǎǇŜǊǎŜŘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ 

ŀǳǘƻ-ŦƭǳƻǊŜǎŎŜƴŎŜ ǇŀǘǘŜǊƴǎ ŀǘǘǊƛōǳǘŜŘ ǘƻ ƭƻŎŀƭƛȊŜŘ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƭŀǎǘ ǿŜǊŜ ŘƛǎǘƛƴŎǘ 

ŦǊƻƳ ǘƘŜ ƛƴ ǎƛǘǳ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ŀ ǎƻƭǳōƭŜ ǇǊƻǘŜƛƴ ƛƴ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘΦ  
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CƛƎǳǊŜ пΦн ¢ƘŜ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭ ŘƛǎǘǊƛōǳǘƛƻƴ ƛƴ ȅ-м ǿŀǎ ŘƛŦŦŜǊŜƴǘ ŦǊƻƳ ǘƘŜ 

ŎƘƭƻǊƻǇƭŀǎǘ ƳŀǊƪŜǊ !¢t ǎȅƴǘƘŀǎŜ .Φ 

¢ƘŜ ŀǳǘƻ-ŦƭǳƻǊŜǎŎŜƴŎŜ ǎƛƎƴŀƭ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ǿŀǎ ƻōǎŜǊǾŜŘ ƛƴ ȅ-м ƎǊƻǿƴ ƛƴ ŘŀǊƪ ŀƴŘ ǿƛǘƘ мƘΣ нƘ 

ŀƴŘ оƘ ƭƛƎƘǘ ƛƴŎǳōŀǘƛƻƴ όǊŜŘύ ŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ CƛƎ пΦмΦ ¢ƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ !¢t ǎȅƴǘƘŀǎŜ . ŦǊƻƳ ǘƘŜ 

ǎŀƳŜ ŎǳƭǘǳǊŜ ǿŀǎ ŘŜǘŜŎǘŜŘ ōȅ LC όƎǊŜŜŘύΦ {ƛȊŜ ōŀǊ ƛƴŘƛŎŀǘŜŘ р Ƴ˃Φ 
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пΦоΦо LƳƳǳƴƻŦƭƻǳǊŜǎŎŜƴŎŜ ƳƛŎǊƻǎŎƻǇȅ ǊŜǾŜŀƭǎ [5-thw ƛƴ ǎƛǘǳ ŀǘ ƭƻōŜ ƧǳƴŎǘƛƻƴǎ ŀƴŘ ƛƴ ŀ ǊƛƴƎ-

ƭƛƪŜ ǇŀǘǘŜǊƴ ƛƴ ǿƛƭŘ-ǘȅǇŜ ŎŜƭƭǎ 

 !ŦǘŜǊ ŦƛƎǳǊƛƴƎ ƻǳǘ ǘƘŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭΣ L ǿƻǳƭŘ ƭƛƪŜ ǘƻ ƪƴƻǿ 

ǘƘŜ ƭƻŎŀǘƛƻƴ ƻŦ ŜƴȊȅƳŜǎ ƛƴ ǘƘƛǎ ǇŀǘƘǿŀȅΦ !ǎ ŀ ŎǊǳŎƛŀƭ ŜƴȊȅƳŜΣ [5-thw ǿŀǎ ŦƻǳƴŘ ǇǊŜǾƛƻǳǎƭȅ ǘƻ 

ŀǎǎƻŎƛŀǘŜ ǿƛǘƘ ŜƴǾŜƭƻǇŜ ƳŜƳōǊŀƴŜ ŀƴŘ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜǎΣ ōŀǎŜŘ ƻƴ ǎǳōŎŜƭƭǳƭŀǊ 

ŦǊŀŎǘƛƻƴŀǘƛƻƴ ŜȄǇŜǊƛƳŜƴǘǎ ώнсоϐΦ ¢ƘŜǊŜ ƛǎ ƴƻ ƛƴ ǎƛǘǳ ŜǾƛŘŜƴŎŜ ǘƻ ǾŜǊƛŦȅ ǘƘŜǎŜ ǊŜǎǳƭǘǎΦ ¢ƘǳǎΣ L ǳǎŜŘ 

LC ǎǘŀƛƴƛƴƎ ǘƻ ŘŜǘŜŎǘ ǿƘŜǘƘŜǊ [5-thw ƛǎ ƭƻŎŀƭƛȊŜŘ ƛƴ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴ //рло ŀƴŘΣ ƛŦ ǎƻΣ ǿƘŜǊŜ 

ƛǎ ƛǘ ƭƻŎŀƭƛȊŜŘΚ //рло ǿŀǎ ƎǊƻǿƴ ǳƴŘŜǊ Ŏƻƴǎǘŀƴǘ ƭƛƎƘǘΣ ǘǊŀƴǎŦŜǊǊŜŘ ǘƻ ǘƘŜ ŘŀǊƪ ŦƻǊ н ƘƻǳǊǎΣ ŀƴŘ 

ǘƘŜƴ ŜȄǇƻǎŜŘ ǘƻ ƳƻŘŜǊŀǘŜ ƭƛƎƘǘ όнл 9˃ Ƴҍн ǎҍмύ ŦƻǊ р ƳƛƴΦ ¢ƘŜ ǎƘƻǊǘ ǘƛƳŜ ƭƛƎƘǘ ŜȄǇƻǎǳǊŜ ŎƻǳƭŘ 

ƛƴƛǘƛŀǘŜ ŎƘƭƻǊƻǇƘȅƭƭ ŀƴŘ ǇƘƻǘƻǎȅǎǘŜƳ ŎƻƳǇƭŜȄ ǊŜ-ƎŜƴŜǊŀǘƛƻƴΦ ¢ƘŜ [5-thw ǎƛƎƴŀƭ ǿŀǎ Ƴŀƛƴƭȅ ǎŜŜƴ 

ƛƴ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ƭƻōŜǎ ƛƴǎǘŜŀŘ ƻŦ ǇȅǊŜƴƻƛŘ ǇŜǊƛǇƘŜǊȅΣ ǿƘŜǊŜ ǘƘŜ ƴŜǿƭȅ ŎƘƭƻǊƻǇƘȅƭƭ ǿŀǎ ŦƻǳƴŘ 

όCƛƎ пΦоύΦ ¢ƘŜ [5-thw LC ǎƛƎƴŀƭ ŀǘ ƭƻōŜ ƧǳƴŎǘƛƻƴǎ ŀǇǇŜŀǊŜŘ ǘƻ ǎǳǊǊƻǳƴŘ ŀ ŦƛƴƎŜǊ-ƭƛƪŜ ƭƻōŜ ǿƘŜǊŜ ƛǘ 

ŎƻƴƴŜŎǘǎ ǘƻ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ōŀǎŀƭ ǊŜƎƛƻƴ όCƛƎΦ пΦоύΦ ¢Ƙƛǎ ǿŀǎ ǎŜŜƴ ŀǎ ŀ ǇŜǊŦƻǊŀǘƛƻƴ ƻŦ ǘƘŜ LC-

ǎƛƎƴŀƭΤ ŀ ƴƻƴ-ǎǘŀƛƴƛƴƎ ǎǇƻǘ ŀǘǘǊƛōǳǘŜŘ ǘƻ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǘƘŜ ƭƻōŜΦ  ! ǎƛƳƛƭŀǊ ǇŀǘǘŜǊƴ ǿŀǎ ǎŜŜƴ 

ǿƛǘƘ ŀƴǘƛōƻŘƛŜǎ ŀƎŀƛƴǎǘ ǇǊƻǘŜƛƴǎ ƻŦ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ǇǊƻǘŜƛƴ ƛƳǇƻǊǘ ƳŀŎƘƛƴŜǊȅ όL ŀƳ ƻƴŜ ƻŦ ǘƘŜ 

ŎƻŀǳǘƘƻǊǎΣ !ǇǇŜƴŘƛȄ LLLύ ώнмпϐΦ Lǘ ǿŀǎ ǇǊƻǇƻǎŜŘ ǘƘŀǘ ǘƘƛǎ ǇŀǘǘŜǊƴ ǊŜǇǊŜǎŜƴǘǎ ǎǇŜŎƛŀƭƛȊŜŘ ŘƻƳŀƛƴǎ 

ƻŦ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ŜƴǾŜƭƻǇŜ ŀǘ ǘƘŜǎŜ ƭƻōŜ ƧǳƴŎǘƛƻƴǎΣ ǿƘƛŎƘ ŀǊŜ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǘƘŜ ƭƻŎŀƭƛȊŜŘ 

ƛƳǇƻǊǘ ƻŦ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ǇǊƻǘŜƛƴǎ ŦǊƻƳ ǘƘŜ ŎȅǘƻǇƭŀǎƳΦ   

       ¢ƘŜǎŜ ǇŜǊŦƻǊŀǘƛƻƴǎ ǿŜǊŜ ǎŜŜƴ ƛƴ ǘƘŜ ŎŜƭƭǎ ŦǊƻƳ Ŏƻƴǎǘŀƴǘ ƭƛƎƘǘΣ ŘŀǊƪ нƘ ŀƴŘ р Ƴƛƴ ƭƛƎƘǘ 

ŎƻƴŘƛǘƛƻƴǎΦ ¢Ƙƛǎ ǊƛƴƎ-ƭƛƪŜ ǇŀǘǘŜǊƴ ŜȄƛǎǘŜŘ ƛƴ ŀōƻǳǘ рф҈ ŎŜƭƭǎ Ǝƻǿƴ ƛƴ Ŏƻƴǎǘŀƴǘ ƭƛƎƘǘ ŀƴŘ ǘƘƛǎ 

ƴǳƳōŜǊ ƛƴŎǊŜŀǎŜŘ ǘƻ то҈ ƛƴ ŘŀǊƪ ŀƴŘ ур҈ ƛƴ ŎŜƭƭǎ ǘƘŀǘ ǿŜǊŜ ŘŀǊƪ ŀŘŀǇǘŜŘ ŀƴŘ ǘƘŜƴ ǘǊŀƴǎŦŜǊǊŜŘ 

ǘƻ ƭƛƎƘǘ ό{ǳǇ CƛƎ пΦнύΦ ¢ƘŜ ǇŜǊŦƻǊŀǘƛƻƴ ǿŀǎ ƴƻǘ ǎŜŜƴ ǿƛǘƘ ǘƘȅƭŀƪƻƛŘ ƳŀǊƪŜǊ ǇǊƻǘŜƛƴ 5мΦ ¢Ƙƛǎ 
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ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ ǘƘƛǎ ǇŀǘǘŜǊƴ ƛǎ ƴƻǘ ŀǎǎƻŎƛŀǘŜŘ ǘƻ ǘƘŜ ǎƘŀǇŜ ƻŦ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜΣ ƻƴŜ ƻŦ ǘƘŜ 

ŎǳǊǊŜƴǘƭȅ ǇǊƻǇƻǎŜŘ ƭƻŎŀǘƛƻƴǎ ƻŦ [5-thw ώнсоϐΦ  

      ¢ƘŜ ƛƴǘǊƛƎǳƛƴƎ ǇŜǊŦƻǊŀǘƛƻƴ-ǎǘǊǳŎǘǳǊŜ ŀǘ ǘƘŜ ƭƻōŜ ƧǳƴŎǘƛƻƴ ƛƴ //рло ƛǎ ŘƛŦŦŜǊŜƴǘ ŦǊƻƳ ǘƘŜ 

ǇŀǘǘŜǊƴ ƻŦ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭ ƛƴ ȅ-мΦ ¢Ƙƛǎ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǘƘŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ thw ŎƻǳƭŘ 

ǎƘƻǿ ŀƴ ƛƳǇƻǊǘ ǇŀǘǘŜǊƴ ƛƴǎǘŜŀŘ ƻŦ ǘƘŜ ƭƻŎŀǘƛƻƴ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎΦ 
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CƛƎǳǊŜ пΦо [5-thw ŦƻǊƳŜŘ ŀ ǇŜǊŦƻǊŀǘƛƻƴ ŀǘ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ƭƻōŜ ƧǳƴŎǘƛƻƴ ƛƴ //рлоΦ 

!ύ !ƴ ƛƭƭǳǎǘǊŀǘƛƻƴ ǘƻ ǎƘƻǿ ǿƘŜǊŜ ƛǎ ǘƘŜ ƭƻōŜ ƧǳƴŎǘƛƻƴ όǊŜŘ ǊŜƎƛƻƴύ ώнмпϐΦ .ύ ¢ƘŜ [5-thw ŘƛǎǘǊƛōǳǘƛƻƴ ƛƴ 

//рло ǿŀǎ ŜȄŀƳƛƴŜŘ ƛƴ ǘƘŜ ŎŜƭƭǎ ƛƴ Ŏƻƴǎǘŀƴǘ ƭƛƎƘǘΣ ŘŀǊƪ όнƘύ ŀŘŀǇǘƛƻƴ ŀƴŘ ŘŀǊƪ ǘƻ ƭƛƎƘǘ όр Ƴƛƴύ ŎƻƴŘƛǘƛƻƴǎΦ 

¢ƘŜ [5-thw όǊŜŘύ ƭƻŎŀƭƛȊŜŘ Ƴŀƛƴƭȅ ƻƴ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ƭƻōŜǎΦ Lǘ ŀƭǎƻ ŦƻǊƳŜŘ ǇŜǊŦƻǊŀǘƛƻƴ ǎǘǊǳŎǘǳǊŜ όǿƘƛǘŜ 

ŀǊǊƻǿύ ŀǘ ǘƘŜ ƭƻōŜ ƧǳƴŎǘƛƻƴ ǿƘŜǊŜ ƛǎ ǘƘƻǳƎƘǘ ǘƻ ōŜ ƛƳǇƻǊǘ ǎƛǘŜ ŦƻǊ ƴǳŎƭŜŀǊ ŜƴŎƻŘŜŘ ŎƘƭƻǊƻǇƭŀǎǘ ǘŀǊƎŜǘŜŘ 

ǇǊƻǘŜƛƴǎΦ ! ǇƘƻǘƻǎȅǎǘŜƳ ŎƻƳǇƭŜȄ 5м όƎǊŜŜƴύ ǿŀǎ LC-ǎǘŀƛƴŜŘ ǘƻ ǎƘƻǿ ǘƘŜ ƭƻŎŀǘƛƻƴ ƻŦ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜΦ 

5!tL όōƭǳŜύ ǿŜǊŜ ǳǎŜŘ ǘƻ ƭƻŎŀƭƛȊŜ ƴǳŎƭŜǳǎ ŀƴŘ ƴǳŎƭŜƻƛŘǎΦ ¢ƘŜ ƳŜǊƎŜ ƻŦ LC ǎƛƎƴŀƭ ƻŦ [5-thw ŀƴŘ 5м ŀƴŘ ŀƭƭ 

ǘƘǊŜŜ ǎǘŀƛƴƛƴƎ ǿŜǊŜ ŀƭǎƻ ǎƘƻǿŜŘΦ {ƛȊŜ ōŀǊ ƛƴŘƛŎŀǘŜŘ р Ƴ˃Φ 

. 
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пΦп 5ƛǎŎǳǎǎƛƻƴ 

пΦпΦмΦ bŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭ ǎƛƎƴŀƭ ŀǘ ǘƘŜ ǇŜǊƛǇƘŜǊȅ ƻŦ ǇȅǊŜƴƻƛŘ ŀƴŘ ŀǘ ǘƘŜ ŜƴŘǎ ƻŦ 

ƭƻōŜǎ ŎƻǳƭŘ ōŜ ŎƻƴŦƛǊƳŜŘ ōȅ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎ ƛƴƘƛōƛǘƻǊΦ 

.ŜŎŀǳǎŜ ǘƘŜ ȅ-м Ƴǳǘŀƴǘ Ŏŀƴƴƻǘ ǊŜŘǳŎŜ ǇǊƻǘƻŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ǘƻ ŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ƛƴ ǘƘŜ ŘŀǊƪΣ 

ǘƘŜǊŜ ƛǎ ƴƻ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎ ƛƴ ŘŀǊƪΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ŎƘƭƻǊƻǇƘȅƭƭ ǎƛƎƴŀƭ ŘŜǘŜŎǘŜŘ ŀŦǘŜǊ 

ŜȄǇƻǎƛƴƎ ǘƻ ƭƛƎƘǘ ǎƘƻǳƭŘ ŎƻƳŜ ŦǊƻƳ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭΦ aƻǊŜƻǾŜǊΣ ǘƘƛǎ ŦƭǳƻǊŜǎŎŜƴǘ 

ǎƛƎƴŀƭ ƛǎ ƴƻǘ ŘŜǘŜŎǘŜŘ ƛƴ ǘƘŜ ŎƘƭƻǊƻǇƘȅƭƭ ŘŜŦƛŎƛŜƴǘ ƳǳǘŀƴǘǎΣ ǿƘƛŎƘ ŀŎŎǳƳǳƭŀǘŜ ƻƴƭȅ ŎƘƭƻǊƻǇƘȅƭƭ 

ƛƴǘŜǊƳŜŘƛŀǘŜǎ ƛƴǎǘŜŀŘ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ όCƛƎΦ пΦм .ύΦ ¢Ƙŀǘ ƳŜŀƴǎ ǘƘŜ ǎƛƎƴŀƭ L ŘŜǘŜŎǘŜŘ ǿŀǎ ǳƴƭƛƪŜƭȅ 

ŦǊƻƳ ǘƘŜ ŎƘƭƻǊƻǇƘȅƭƭ ƛƴǘŜǊƳŜŘƛŀǘŜǎΦ !ƭǎƻΣ ōŜŎŀǳǎŜ ȅ-м ƛǎ ƪƴƻǿƴ ǘƻ ƛƴƛǘƛŀǘŜ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎ 

ǳǇƻƴ ƛƭƭǳƳƛƴŀǘƛƻƴ ώнооϐ ŀƴŘ ǘƘŀǘ ŎƘƭƻǊƻǇƘȅƭƭ ƛǎ ŀ ƘƛƎƘƭȅ ŦƭǳƻǊŜǎŎŜƴǘ ƳƻƭŜŎǳƭŜΣ ƛǘ ƛǎ ƭƛƪŜƭȅ ǘƘŀǘ ǘƘŜ 

ŦƭǳƻǊŜǎŎŜƴŎŜ ǎƛƎƴŀƭ ƛǎ ŦǊƻƳ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭΦ IƻǿŜǾŜǊΣ ƳƻǊŜ ŜǾƛŘŜƴŎŜ ƛǎ ƴŜŜŘŜŘ ǘƻ 

ǎƘƻǿ ǘƘŀǘ ǘƘƛǎ ŀǳǘƻ-ŦƭǳƻǊŜǎŎŜƴŎŜ ƛǎ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭΦ ¢ƻ ǘŜǎǘ ǘƘƛǎΣ ŎƘƭƻǊƻǇƘȅƭƭ 

ƛƴƘƛōƛǘƻǊǎ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ōƭƻŎƪ ǘƘŜ ŎƘƭƻǊƻǇƘȅƭƭ ōƛƻǎȅƴǘƘŜǎƛǎ ƛƴ ǘƘŜ ȅ-м ǎǘǊŀƛƴ ƛƴ ƭƛƎƘǘΦ LŦ ǘƘŜ ǎƛƎƴŀƭ 

ƻōǎŜǊǾŜŘ ŘƛǎŀǇǇŜŀǊǎ ǿƘŜƴ ǘǊŜŀǘŜŘ ǿƛǘƘ ŎƘƭƻǊƻǇƘȅƭƭ ƛƴƘƛōƛǘƻǊǎΣ ƛǘ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ǎƛƎƴŀƭ L ŘŜǘŜŎǘŜŘ 

ŀǊƻǳƴŘ ǘƘŜ ǇȅǊŜƴƻƛŘ ŀƴŘ ŀǘ ǘƘŜ ǘƛǇǎ ƻŦ ƭƻōǎ ǎƘƻǳƭŘ ŎƻƳŜ ŦǊƻƳ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭΦ  

пΦпΦнΦ /ƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎ Ǿǎ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜ ōƛƻƎŜƴŜǎƛǎ 

 bŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭ ǿŀǎ ǳǎŜŘ ŀǎ ŀ ƳŀǊƪŜǊ ŦƻǊ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜ ōƛƻƎŜƴŜǎƛǎ 

ƛƴ ȅ-м ǎǘǊŀƛƴ ǿƘŜƴ ƛǘ ǿŀǎ ǘǊŀƴǎŦŜǊǊŜŘ ŦǊƻƳ ŘŀǊƪ ǘƻ ƭƛƎƘǘ ώнснϐΦ ¢Ƙƛǎ ǇŀǇŜǊ ǊŜǾŜŀƭŜŘ ǘƘŀǘ ƴŜǿƭȅ 

ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎ ǿŀǎ ŀǎǎŜƳōƭŜŘ ƛƴ ŦǳƴŎǘƛƻƴŀƭ t{L ŀƴŘ t{LL ŎƻƳǇƭŜȄŜǎ ǿƛǘƘƛƴ ŀ 

ŦŜǿ ǎŜŎƻƴŘǎ ŀŦǘŜǊ ŘŀǊƪ ŀŘŀǇǘŜŘ ŎŜƭƭǎ ǿŜǊŜ ŜȄǇƻǎŜŘ ǘƻ ƭƛƎƘǘΦ {ƛƴŎŜ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎ ƻŎŎǳǊǊŜŘ 

ǇǊƛƻǊ ǘƻ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜ ōƛƻƎŜƴŜǎƛǎ ŀƴŘ ƛǘ ǿŀǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ŎƻƳǇƻƴŜƴǘ ƛƴ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ 

ŎƻƳǇƭŜȄ ƻƴ ǘƘȅƭŀƪƻƛŘǎΣ ƛǘǎ ƭƻŎŀƭƛȊŀǘƛƻƴ ƳƛƎƘǘ ƎƛǾŜ ǎƻƳŜ ƛƴŦƻǊƳŀǘƛƻƴ ŦƻǊ ǘƘŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ 
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 ¢-ȊƻƴŜ ŀƴŘ /¢a ƘŀŘ ōŜŜƴ ƛŘŜƴǘƛŦƛŜŘ ŀǎ ŀ t{LL ǎȅƴǘƘŜǎƛǎ ŀƴŘ ŀƴ ŀǎǎŜƳōƭȅ ǇƭŀŎŜ ōȅ ŀ 

ǇǊŜǾƛƻǳǎ ǎǘǳŘŜƴǘ ƛƴ ƻǳǊ ƭŀō ώнмнϐΦ ¢ƘŜȅ Ƴŀȅ ŀƭǎƻ ǊŜƭŀǘŜ ǘƻ ǘƘŜ ōƛƻƎŜƴŜǎƛǎ ƻŦ ǘƘȅƭŀƪƻƛŘ 

ƳŜƳōǊŀƴŜΦ tŀǊǘ ƻŦ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭ ǎƛƎƴŀƭ ǿŀǎ ŦƻǳƴŘ ŀǊƻǳƴŘ ǘƘŜ ǇȅǊŜƴƻƛŘǎ ŀƴŘ 

ǎƻƳŜ ƻŦ ƛǘ ǿŀǎ ŎƻƴŎŜƴǘǊŀǘŜŘ ŀǘ ¢-ȊƻƴŜ ŀǊŜŀ όCƛƎ пΦм !ύΦ ¢Ƙƛǎ ƛƴǘŜǊŜǎǘƛƴƎ ŦƛƴŘƛƴƎ ƳŀŘŜ ŀ ōǊƛŘƎŜ ƻŦ 

t{LL ŀǎǎŜƳōƭȅ ŀƴŘ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎΦ /ƘƭƻǊƻǇƘȅƭƭ ƛǎ ǾŜǊȅ ƛƳǇƻǊǘŀƴǘ ŎƻƳǇƻƴŜƴǘ ƻŦ t{LL 

ŎƻƳǇƭŜȄΦ Lǘ ƛǎ ǊŜŀǎƻƴŀōƭŜ ǘƘŀǘ ǘƘŜǎŜ ǘǿƻ ǎƘŀǊŜ ǘƘŜ ǎŀƳŜ ƻǊ ǾŜǊȅ ŎƭƻǎŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ŦƻǊ ǎȅƴǘƘŜǎƛǎ 

ƻǊ ŀǎǎŜƳōƭȅΦ  

 .ŜǎƛŘŜǎ ǘƘŜ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭΣ L ǿŀǎ ǿƻƴŘŜǊƛƴƎ ǿƘŜǊŜ ǿŜǊŜ ǘƘŜ ŜƴȊȅƳŜǎ 

ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎΦ LŦ ǘƘŜȅ ŀƭǎƻ ƭƻŎŀƭƛȊŜŘ ƛƴ ¢-ȊƻƴŜ ƻǊ /¢aΣ L ǿƻǳƭŘ ƘŀǾŜ ƳƻǊŜ 

ŎƻƴŦƛŘŜƴŎŜ ƻŦ ǘƘŜ ŎƻƴƴŜŎǘƛƻƴ ƻŦ t{LL ǎȅƴǘƘŜǎƛǎ ŀƴŘ ŀǎǎŜƳōƭȅ ǿƛǘƘ ŎƘƭƻǊƻǇƘȅƭƭ ōƛƻǎȅƴǘƘŜǎƛǎΦ [5-

thw ƭƻŎŀƭƛȊŜŘ ŀǊƻǳƴŘ ǇȅǊŜƴƻƛŘǎ ōǳǘ ŘƛŘ ƴƻǘ ƭƻŎŀƭƛȊŜ ŀǘ ǘƘŜ ǘƛǇǎ ƻŦ ƭƻōŜǎ ƛƴ ǘƘŜ ŘŀǊƪ ƛƴ ȅ-мΦ ²ƘŜƴ L 

ŎƻƴǎƛŘŜǊ ǘƘŜ ŦŀŎǘ ǘƘŀǘ /¢a ǿŀǎ ƭƻŎŀƭƛȊŜŘ ŀǘ ǘƘŜ ǇŜǊƛƳŜǘŜǊ ƻŦ ǇȅǊŜƴƻƛŘΣ ǘƘŜ LC ǎƛƎƴŀƭ ƻŦ thw ŎƻǳƭŘ 

ōŜ ŀƭǎƻ ƛƴ /¢aΦ ¢ƘŜ ŦƛƴŘƛƴƎ ƛƳǇƭƛŜŘ ǘƘŀǘ ǘƘŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ōƛƻǎȅƴǘƘŜǎƛǎ ŜƴȊȅƳŜǎ 

ƳƛƎƘǘ ǊŜƭŀǘŜ ǘƻ ǘƘŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ t{LL ǎȅƴǘƘŜǎƛǎ ŀƴŘ ŀǎǎŜƳōƭȅΦ  

           ! tǊŀǘ!-ŘŜŦƛƴŜŘ ƳŜƳōǊŀƴŜ όt5aύ ǿŀǎ ƛŘŜƴǘƛŦƛŜŘ ŀǎ ŀ ǇƭŀŎŜ ŦƻǊ t{LL ŀǎǎŜƳōƭȅ ŀǎ /¢a ƛƴ 

ŎȅŀƴƻōŀŎǘŜǊƛŀ ώнптϐΦ LƴǘŜǊŜǎǘƛƴƎƭȅΣ thw ŦƻǳƴŘ ƛƴ t5a ǊŜǾŜŀƭŜŘ ŀ ǘƛƎƘǘ ŎƻƴƴŜŎǘƛƻƴ ōŜǘǿŜŜƴ 

ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎ ŀƴŘ t{LL ŀǎǎŜƳōƭȅ ώнптϐΦ Lǘ ŀƭǎƻ ǊŀƛǎŜŘ ŀ Ǉƻǎǎƛōƛƭƛǘȅ ǘƘŀǘ t5a ƛǎ ŦƻǊ ōƻǘƘ 

t{LL ōƛƻƎŜƴŜǎƛǎ ŀƴŘ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎ ƛƴ ŎȅŀƴƻōŀŎǘŜǊƛŀΦ ¢ƘŜ LC ǎƛƎƴŀƭ ƻŦ thw ƛƴ ȅ-м ǿŀǎ ŦƻǳƴŘ 

ŀǘ ǘƘŜ ǇŜǊƛƳŜǘŜǊ ƻŦ ǇȅǊŜƴƻƛŘΣ ǿƘŜǊŜ ǿŀǎ ƛŘŜƴǘƛŦƛŜŘ ŀǎ /¢a ǊŜƎƛƻƴΦ Lƴ ŀŘŘƛǘƛƻƴΣ ƭƛǇƛŘ ƳŜǘŀōƻƭƛǎƳ 

ǇǊƻǘŜƛƴǎ ǿŜǊŜ ŦƻǳƴŘ ƛƴ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜΦ ¢ŀƪƛƴƎ ŀƭƭ ǘƘŜǎŜ ŜƭŜƳŜƴǘǎ ǘƻƎŜǘƘŜǊΣ /¢a ƻǊ 

ƎŜƴŜǊŀƭƭȅ ǎǇŜŀƪƛƴƎ ǘƘŜ ǇŜǊƛƳŜǘŜǊ ƻŦ ǇȅǊŜƴƻƛŘ ƳƛƎƘǘ ōŜ ŀ ǎǘǊƻƴƎ ŎŀƴŘƛŘŀǘŜ ŦƻǊ ǘƘŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ 
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        ¦ƴƭƛƪŜ t{LLΣ ǘƘŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ t{L ǎȅƴǘƘŜǎƛǎ ŀƴŘ ŀǎǎŜƳōƭȅ ǿŀǎ ǎǘƛƭƭ ƴƻǘ ǾŜǊȅ ŎƭŜŀǊΦ t{L ƛǎ ŀƭǎƻ 

ŀƴ ƛƳǇƻǊǘŀƴǘ ŎƻƳǇƻƴŜƴǘ ƻŦ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜ ŀƴŘ ƛǘǎ ŀǎǎŜƳōƭȅ ŎƻǳƭŘ ǊŜƭŀǘŜ ǘƻ ǘƘȅƭŀƪƻƛŘ 

ƳŜƳōǊŀƴŜ ōƛƻƎŜƴŜǎƛǎΦ ¢ƘŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭ ŎƻǳƭŘ ŀƭǎƻ ƻŦŦŜǊ ŀ 

ǇƻǎǎƛōƭŜ ƘȅǇƻǘƘŜǎƛǎ ŦƻǊ t{L ƭƻŎŀƭƛȊŀǘƛƻƴΦ ¢ƘŜ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭ ƭƻŎŀƭƛȊŜŘ ǘƻ ǘƘŜ 

ǇŜǊƛƳŜǘŜǊ ƻŦ ǇȅǊŜƴƻƛŘǎ ŀƴŘ ǘƘŜ ǘƛǇǎ ƻŦ ƭƻōŜΦ ¢ƘŜ ǇŜǊƛƳŜǘŜǊ ƻŦ ǇȅǊŜƴƻƛŘǎ ǿŀǎ ŀƭǎƻ ƛŘŜƴǘƛŦƛŜŘ ŀǎ ŀ 

ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ /¢a ŦƻǊ t{LL ǎȅƴǘƘŜǎƛǎ ŀƴŘ ŀǎǎŜƳōƭȅΦ ¢ƘŜƴ L ǿŀƴǘŜŘ ǘƻ ƪƴƻǿ ǿƘŀǘ ŜƭǎŜ ŎƻǳƭŘ 

ƘŀǇǇŜƴ ŀǘ ǘƘŜ ǘƛǇǎ ƻŦ ƭƻōŜǎΦ hƴŜ ƘȅǇƻǘƘŜǎƛǎ ƛǎ ǘƘŀǘ ǘƘŜ ǘƛǇǎ ƻŦ ƭƻōŜǎ ŀǊŜ ǘƘŜ ƳŀƧƻǊ ƭƻŎŀƭƛȊŀǘƛƻƴ 

ŦƻǊ t{L ǎȅƴǘƘŜǎƛǎ ŀƴŘ ŀǎǎŜƳōƭȅΦ 

         .ŜǎƛŘŜǎ ǘƘŜ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭΣ ǎƻƳŜ ƻǘƘŜǊ ǇǊƻǘŜƛƴǎ ƭƛƪŜ ǊƛōƻǎƻƳŀƭ ǇǊƻǘŜƛƴ 

ǿŜǊŜ ŀƭǎƻ ŦƻǳƴŘ ƭƻŎŀǘŜŘ ŀǘ ǘƘŜ ǘƛǇǎ ƻŦ ƭƻōŜǎ ό5ŀǘŀ ƴƻǘ ǎƘƻǿƴύΦ ¢ƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ƴǳŎƭŜƻƛŘǎ ƭƻŎŀǘŜŘ 

ŀǘ ǘƘŜ ǇŜǊƛƳŜǘŜǊ ƻŦ ǇȅǊŜƴƻƛŘ ŀǎ ǿŜƭƭ ŀǎ ǘƛǇǎ ƻŦ ƭƻōŜǎ ŀǘ ǘƘŜ нƘ ŀƴŘ сƘ ƛƴ ǘƘŜ ƭƛƎƘǘ ŎȅŎƭŜ ƻŦ ǘƘŜ 

ǎȅƴŎƘǊƻƴƛǎŜŘ ŎǳƭǘǳǊŜǎ ώмфϐΦ ¢ƘŜ ŦƛƴŘƛƴƎ ƻŦ 5b! ŀƴŘ ǊƛōƻǎƻƳŀƭ ǇǊƻǘŜƛƴ ƛƳǇƭƛŜŘ ǘƘŀǘ ǘƛǇǎ ƻŦ ƭƻōŜǎ 

ŎƻǳƭŘ ōŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ǇǊƻǘŜƛƴ ǎȅƴǘƘŜǎƛǎΦ LŦ Ƴwb! ǎƛƎƴŀƭ ŎƻǳƭŘ ŀƭǎƻ ōŜ ŘŜǘŜŎǘŜŘ ŀǘ ǘƘŜ ǎŀƳŜ 

ǇƭŀŎŜΣ ǘƛǇǎ ƻŦ ƭƻōŜǎ ŎƻǳƭŘ ōŜ ŀƴƻǘƘŜǊ ¢-ȊƻƴŜ ǎǇŜŎƛŦƛŎŀƭƭȅ ŦƻǊ t{LΦ  

       ²Ŝ ƘŀǾŜ ŀƭǊŜŀŘȅ ƪƴƻǿƴ ǘƘŀǘ мύ ƴǳŎƭŜƻƛŘǎ ǿŜǊŜ ƭƻŎŀƭƛȊŜŘ ŀǊƻǳƴŘ ǇȅǊŜƴƻƛŘ ŀƴŘ ŀǘ ǘƘŜ ǘƛǇǎ ƻŦ 

ƭƻōŜǎ ŀǘ ŎŜǊǘŀƛƴ ǘƛƳŜ ƛƴ ǎȅƴŎƘǊƻƴƛȊŜŘ ŎŜƭƭǎΤ нύ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭ ǿŀǎ ƭƻŎŀƭƛȊŜŘ ŀǘ ǘƘŜ 

ǇŜǊƛƳŜǘŜǊ ƻŦ ǇȅǊŜƴƻƛŘǎ ŀƴŘ ǘƛǇǎ ƻŦ ƭƻōŜǎ ŀƴŘ ƛǘ Ƴŀȅ ōŜ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜ 

ōƛƻƎŜƴŜǎƛǎΤ оύ ¢-ȊƻƴŜ ŀƴŘ ǊŜƭŀǘŜŘ ƳŜƳōǊŀƴŜ /¢a ŀǊŜ ǘƘŜ ƳŀƧƻǊ ƭƻŎŀǘƛƻƴ ŦƻǊ t{LL ǎȅƴǘƘŜǎƛǎ ŀƴŘ 

ŀǎǎŜƳōƭȅΤ пύ ǘƛǇǎ ƻŦ ƭƻōŜǎ ŎƻǳƭŘ ōŜ ŀƴƻǘƘŜǊ ƭƻŎŀǘƛƻƴ ŦƻǊ ǎƻƳŜ ǇǊƻǘŜƛƴ ǎȅƴǘƘŜǎƛǎ ŀƴŘ ŎƻƳǇƭŜȄ 

ŀǎǎŜƳōƭȅΣ ǎǳŎƘ ŀǎ t{LΦ !ƭƭ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ŎƻƳǇƻǎŜŘ ŀƴ ƛƴǘǊƛƎǳƛƴƎ ƘȅǇƻǘƘŜǎƛǎ ǘƘŀǘ ǘƘŜ 

ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜ ōƛƻƎŜƴŜǎƛǎ ƳƛƎƘǘ ōŜ ŀǊƻǳƴŘ ǘƘŜ ǇȅǊŜƴƻƛŘǎ ƻǊ ŀǘ ǘƘŜ ǘƛǇǎ ƻŦ 
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пΦпΦо [5-thw ƭƻŎŀƭƛȊŜŘ ŀǘ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ǇǊƻǘŜƛƴ ƛƳǇƻǊǘ ƳŀŎƘƛƴŜǊȅ ŎƻǳƭŘ ōŜ ōŜƴŜŦƛŎƛŀƭ ŦƻǊ ǘƘŜ 

ǇƘƻǘƻǎȅǎǘŜƳ ŀǎǎŜƳōƭȅΦ 

       ¢ƘŜ ǊƛƴƎ-ƭƛƪŜ ǇŀǘǘŜǊƴ ƻŦ [5-thw ƭƻŎŀƭƛȊŀǘƛƻƴ ŀǘ ƭƻōŜ ƧǳƴŎǘƛƻƴǎ ƛǎ ƛƴǘǊƛƎǳƛƴƎ ōŜŎŀǳǎŜ ƛǘ 

ǊŜǎŜƳōƭŜǎ ŀ ǇŀǘǘŜǊƴ ǎŜŜƴ ŦƻǊ ǘƘŜ ¢L/ ŀƴŘ ¢h/ ǇǊƻǘŜƛƴǎΣ ǿƘƛŎƘ ŀǊŜ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ ƛƳǇƻǊǘ ƻŦ 

ǇǊƻǘŜƛƴǎ ƛƴǘƻ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ώнмпϐΦ  ²Ŝ ǇǊƻǇƻǎŜŘ ƛƴ ǘƘŀǘ ǇŀǇŜǊ ǘƘŀǘ ƛƳǇƻǊǘ ƻŦ ǘƘŜ ƴǳŎƭŜŀǊ 

ƎŜƴƻƳŜ-ŜƴŎƻŘŜŘ ǇǊƻǘŜƛƴǎ ƻŦ t{LL όŀƴŘ Ǉƻǎǎƛōƭȅ ƻǘƘŜǊ ŎƻƳǇƭŜȄŜǎύ ƛǎ ƭƻŎŀƭƛȊŜŘ ǘƻ ƭƻōŜ ƧǳƴŎǘƛƻƴǎ ǘƻ 

ōǳƛƭŘ ǳǇƻƴ ƴŜǿƭȅ ŀǎǎŜƳōƭŜŘ t{LL ǊŜŀŎǘƛƻƴ ŎŜƴǘŜǊǎ ƛƴ ǘƘŜ ƴŜƛƎƘōƻǊƛƴƎ ¢-ȊƻƴŜΦ ¢ƘŜ ¢L/ ŀƴŘ ¢h/ 

ŎƻƳǇƭŜȄŜǎ ƛƳǇƻǊǘ ǘƘŜ ƳŀƧƻǊ ŎƘƭƻǊƻǇƘȅƭƭ-ōƛƴŘƛƴƎ ǇǊƻǘŜƛƴǎ ƻŦ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘΣ ǘƘŜ ƭƛƎƘǘ ƘŀǊǾŜǎǘƛƴƎ 

ŎƻƳǇƭŜȄ ό[I/ύ ǇǊƻǘŜƛƴǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ t{L ŀƴŘ t{LL ώнмпϐΦ hƴŜ ƛƴǘǊƛƎǳƛƴƎ Ǉƻǎǎƛōƛƭƛǘȅ ƛǎ ǘƘŀǘ ǘƘŜ 

[5-thw ƛǎ ƭƻŎŀƭƛȊŜŘ ǘƻ ǘƘŜ ŜƴǾŜƭƻǇŜ ŀǘ ƭƻōŜ ƧǳƴŎǘƛƻƴǎ ǘƻ ǇǊƻǾƛŘŜ ǘƘŜ ŎƘƭƻǊƻǇƘȅƭƭ ǘƻ ǘƘŜ [I/ 

ǇǊƻǘŜƛƴǎ ǿƘŜƴ ƻǊ ǎƻƻƴ ŀŦǘŜǊ ǘƘŜȅ ŜƴǘŜǊ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘΦ  !ǎ ǘƘŜ ŜȄǇǊŜǎǎƛƻƴ ƻŦ [I/ ǇǊƻǘŜƛƴǎ ƛǎ 

ǎǘǊƻƴƎƭȅ ƭƛƎƘǘ-ƛƴŘǳŎŜŘ ώнспϐΣ ƛǘ ǿƻǳƭŘ ōŜ ōŜƴŜŦƛŎƛŀƭ ǘƻ ǳǎŜ ŀ ƭƛƎƘǘ-ŘŜǇŜƴŘŜƴǘ thw ǘƻ ǎȅƴǘƘŜǎƛǎ 

ǘƘŜ ŎƘƭƻǊƻǇƘȅƭƭ ŦƻǊ ǘƘŜƳΦ   

 ¢Ƙƛǎ ǊƛƴƎ-ƭƛƪŜ ǇŀǘǘŜǊƴ ƻŦ [5-thw ƭƻŎŀƭƛȊŀǘƛƻƴ ŀǘ ǘƘŜ ƭƻōŜ ƧǳƴŎǘƛƻƴǎ ŀƴŘ ƛƴ ǘƘŜ ƭƻōŜǎ 

ŎƻƴǘǊŀǎǘǎ ǘƘŜ ŀǇǇŜŀǊŀƴŎŜ ƻŦ ǘƘŜ ƛƴƛǘƛŀƭ ŎƘƭƻǊƻǇƘȅƭƭ ŦƭǳƻǊŜǎŎŜƴŎŜ ƛƴ ƎǊŜŜƴƛƴƎ ȅ-м ŎŜƭƭǎ όŎƻƳǇŀǊŜ 

CƛƎǎ пΦо ŀƴŘ пΦпύΦ L Ŏŀƴ ƻƴƭȅ ǎǇŜŎǳƭŀǘŜ ǘƘŀǘ ǘƘŜ ŦƻǊƳŜǊ ƛǎ ǘƻ ǇǊƻǾƛŘŜ ŎƘƭƻǊƻǇƘȅƭƭ ŦƻǊ ǘƘŜ ƛƴŎƻƳƛƴƎ 

[I/ ǇǊƻǘŜƛƴǎ ŀƴŘ ǘƘŜ ƭŀǘǘŜǊ ƛǎ ǘƘŜ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭ ŦƻǊ ǘƘŜ ŀǎǎŜƳōƭƛƴƎ t{L ŀƴŘ t{LL 

ǊŜŀŎǘƛƻƴ ŎŜƴǘŜǊǎ ƛƴ ǘƘŜǎŜ ǊŜƎƛƻƴǎΦ   

пΦпΦпΦ /ƻǳƭŘ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭ ƭƻŎŀƭƛȊŜ ŘƛŦŦŜǊŜƴǘƭȅ ŦǊƻƳ ǘƘŜ ŜƴȊȅƳŜǎ ƛƴ 

ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎΚ 

      LC ǎǘŀƛƴƛƴƎ ƻŦ thw ŘƛŘ ƴƻǘ ǎƘƻǿ ŜȄŀŎǘ ǇŀǘǘŜǊƴ ŀǎ L ƛŘŜƴǘƛŦƛŜŘ ƻŦ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭ 
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ƭƻŎŀƭƛȊŀǘƛƻƴΦ ¢ƘŜǊŜ ŀǊŜ ǘǿƻ ǇƻǎǎƛōƛƭƛǘƛŜǎ ŦƻǊ ǘƘƛǎΣ ǘƘŜ ŦƛǊǎǘ ƻƴŜ ƛǎ ǘƘŀǘ ǇŜǊƛƳŜǘŜǊ ƻŦ ǇȅǊŜƴƻƛŘǎ ŀƴŘ 

ǘƛǇǎ ƻŦ ƭƻōŜǎ ŀǊŜ ǘƘŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎΦ {ƻƳŜ ŜƴȊȅƳŜ ƳƛƎƘǘ ƭƻŎŀƭƛȊŜ ǿƛǘƘ ǘƘŜ 

ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭ ǿƘƛƭŜ ǘƘŜ ƻǘƘŜǊǎ ƴƻǘΦ ¢ƻ ŜȄǇƭƻǊŜ ƳƻǊŜ ŀōƻǳǘ ǘƘƛǎ ǇƻǎǎƛōƛƭƛǘȅΣ ǘƘŜ 

ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ƻǘƘŜǊ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎ ŜƴȊȅƳŜǎΣ ŜǎǇŜŎƛŀƭƭȅ ǘƘŜ ƻƴŜǎ ǘƘŀǘ L ŦƻǳƴŘ ƛƴ ǘƘŜ 

ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳƛŎǎΣ ǎƘƻǳƭŘ ōŜ ŘŜǘŜǊƳƛƴŜŘΦ L ǿƻǳƭŘ ƭƛƪŜ ǘƻ ƭƻŎŀƭƛȊŜ ǘƘŜǎŜ ǇǊƻǘŜƛƴǎ ōȅ LC ǎǘŀƛƴƛƴƎ 

ƛŦ ǘƘŜǊŜ ŀǊŜ ŎƻƳƳŜǊŎƛŀƭ ŀƴǘƛōƻŘƛŜǎ ŀƎŀƛƴǎǘ ǘƘŜƳ ƻǊ L ǿƻǳƭŘ ŀŘŘ I! ǘŀƎ ǘƻ ǘƘƻǎŜ ǇǊƻǘŜƛƴǎ ŀƴŘ 

ŜȄŀƳƛƴŜ ǘƘŜƛǊ ƭƻŎŀƭƛȊŀǘƛƻƴ ǇŀǘǘŜǊƴ ǳƴŘŜǊ ƳƛŎǊƻǎŎƻǇŜΦ {ŜŎƻƴŘ ƘȅǇƻǘƘŜǎƛǎ ƛǎ ǘƘŀǘ ǘƘŜ ƴŜǿƭȅ 

ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭ ƛǎ ǘǊŀƴǎǇƻǊǘŜŘ ǘƻ ǘƘŜ ǇŜǊƛƳŜǘŜǊ ƻŦ ǇȅǊŜƴƻƛŘ ŀƴŘ ǘƛǇǎ ƻŦ ƭƻōŜǎ ŀŦǘŜǊ ōŜƛƴƎ 

ǎȅƴǘƘŜǎƛȊŜŘΦ /ƘƭƻǊƻǇƘȅƭƭ ŎƻǳƭŘ ōŜ ƎŜƴŜǊŀǘŜŘ ƛƴ ǎŜŎƻƴŘǎ ǿƘŜƴ ǘƘŜ ŎŜƭƭǎ ǿŜǊŜ ŜȄǇƻǎŜŘ ǘƻ ƭƛƎƘǘΦ 

.ŜŦƻǊŜ L ŎƘŜŎƪŜŘ ǘƘŜ ŎƘƭƻǊƻǇƘȅƭƭ ƭƻŎŀƭƛȊŀǘƛƻƴΣ L ŜȄǇƻǎŜŘ ǘƘŜ ŎǳƭǘǳǊŜ ƛƴ ŘƛƳ ƭƛƎƘǘ ŦƻǊ ŀ ŎƻǳǇƭŜ 

ƳƛƴǳǘŜǎ ǘƻ ǇǊŜǇŀǊŜ ǘƘŜ ǎƭƛŘŜǎΦ Lǘ ƛǎ ƭƻƴƎ ŜƴƻǳƎƘ ŦƻǊ ǘƘŜ ƛƴƛǘƛŀǘƛƻƴ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎ ŀƴŘ 

ǘƘŜǎŜ ƴŜǿƭȅ ǎȅƴǘƘŜǎƛȊŜŘ ŎƘƭƻǊƻǇƘȅƭƭ ŎƻǳƭŘ ōŜ ǘǊŀƴǎŦŜǊǊŜŘ ǘƻ ǘƘŜ ƻǘƘŜǊ ǇƭŀŎŜ ŦƻǊ ŦǳƴŎǘƛƻƴΦ ¢ƘŜ 

ŀǇǇŜŀǊŀƴŎŜ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ŀǘ ǘƘŜ ǇŜǊƛƳŜǘŜǊ ƻŦ ǇȅǊŜƴƻƛŘ ŀƴŘ ǘƛǇǎ ƻŦ ƭƻōŜǎ Ƴŀȅ ǊŜƭŀǘŜ ǘƻ ǘƘŜ 

ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜ ōƛƻƎŜƴŜǎƛǎΦ  
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wŜŦŜǊŜƴŎŜ 

мΦ IŀǊǊƛǎΣ 9ΦIΦΣ ¢ƘŜ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǎƻǳǊŎŜōƻƻƪ Υ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƎǳƛŘŜ ǘƻ ōƛƻƭƻƎȅ ŀƴŘ ƭŀōƻǊŀǘƻǊȅ ǳǎŜΦ 
мфуфΣ {ŀƴ 5ƛŜƎƻΥ !ŎŀŘŜƳƛŎ tǊŜǎǎΦ ȄƛǾΣ тул ǇΦ 

нΦ .ƻȅƴǘƻƴΣ WΦ9ΦΣ Ŝǘ ŀƭΦΣ /ƘƭƻǊƻǇƭŀǎǘ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǿƛǘƘ ƘƛƎƘ ǾŜƭƻŎƛǘȅ ƳƛŎǊƻǇǊƻƧŜŎǘƛƭŜǎΦ 
{ŎƛŜƴŎŜΣ мфууΦ нплόпуруύΥ ǇΦ мроп-уΦ 

оΦ DƻƭŘǎŎƘƳƛŘǘ-/ƭŜǊƳƻƴǘΣ aΦΣ /ƻƻǊŘƛƴŀǘƛƻƴ ƻŦ ƴǳŎƭŜŀǊ ŀƴŘ ŎƘƭƻǊƻǇƭŀǎǘ ƎŜƴŜ ŜȄǇǊŜǎǎƛƻƴ ƛƴ Ǉƭŀƴǘ ŎŜƭƭǎΦ Lƴǘ wŜǾ 
/ȅǘƻƭΣ мффуΦ мттΥ ǇΦ ммр-улΦ 

пΦ 9ǘǘƭΣ IΦΣ ώ!ōƻǳǘ ǘƘŜ ǇǊƻƎǊŜǎǎ ƻŦ ŎƘƭƻǊƻǇƭŀǎǘ ŘƛǾƛǎƛƻƴ ƛƴ ŎƘƭŀƳȅŘƻƳƻƴŀǎ όŀǳǘƘƻǊϥǎ ǘǊŀƴǎƭύϐΦ tǊƻǘƻǇƭŀǎƳŀΣ 
мфтсΦ ууόмύΥ ǇΦ тр-упΦ 

рΦ ƭǳȅƪȄΣ tΦΣ /ƻƴǘǊŀŎǘƛƭŜ ǾŀŎǳƻƭŜǎΣ ƛƴ ±ŀŎǳƻƭŀǊ /ƻƳǇŀǊǘƳŜƴǘǎΣ 5ΦDΦwΦŀΦWΦ/Φ wƻƎŜǊǎΣ 9ŘƛǘƻǊΦ нлллΣ {ƘŜŦŦƛŜƭŘ 
!ŎŀŘŜƳƛŎ tǊŜǎǎΥ {ƘŜŦŦƛŜƭŘΦ ǇΦ по-тлΦ 

сΦ bƛŎƪŜƭǎŜƴΣ WΦ ŀƴŘ ¦Φ YǳŎƪΣ ¢ƘŜ ǳƴƛŎŜƭƭǳƭŀǊ ƎǊŜŜƴ ŀƭƎŀ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛ ŀǎ ŀƴ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎȅǎǘŜƳ 
ǘƻ ǎǘǳŘȅ ŎƘƭƻǊƻǇƭŀǎǘ wb! ƳŜǘŀōƻƭƛǎƳΦ bŀǘǳǊǿƛǎǎŜƴǎŎƘŀŦǘŜƴΣ нлллΦ утόоύΥ ǇΦ фт-млтΦ 

тΦ DǊƛŜŦΣ /ΦΣ aΦ!Φ hϥbŜƛƭƭΣ ŀƴŘ tΦWΦ {ƘŀǿΣ ¢ƘŜ ȊȅƎƻǘŜ ŎŜƭƭ ǿŀƭƭ ƻŦ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘƛƛΥ ŀ ǎǘǊǳŎǘǳǊŀƭΣ 
ŎƘŜƳƛŎŀƭ ŀƴŘ ƛƳƳǳƴƻƭƻƎƛŎŀƭ ŀǇǇǊƻŀŎƘΦ tƭŀƴǘŀΣ мфутΦ мтлόпύΥ ǇΦ поо-прΦ 

уΦ ¢ŜǊŀǎƘƛƳŀΣ aΦΣ aΦ {ǇŜŎƘǘΣ ŀƴŘ aΦ IƛǇǇƭŜǊΣ ¢ƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ǇǊƻǘŜƻƳŜΥ ŀ ǎǳǊǾŜȅ ŦǊƻƳ ǘƘŜ /ƘƭŀƳȅŘƻƳƻƴŀǎ 
ǊŜƛƴƘŀǊŘǘƛƛ ǇŜǊǎǇŜŎǘƛǾŜ ǿƛǘƘ ŀ ŦƻŎǳǎ ƻƴ ŘƛǎǘƛƴŎǘƛǾŜ ŦŜŀǘǳǊŜǎΦ /ǳǊǊ DŜƴŜǘΣ нлммΦ ртόоύΥ ǇΦ мрм-суΦ 

фΦ [ŀŎƻǎǘŜ-wƻȅŀƭΣ DΦ ŀƴŘ {ΦtΦ DƛōōǎΣ LƳƳǳƴƻŎȅǘƻŎƘŜƳƛŎŀƭ [ƻŎŀƭƛȊŀǘƛƻƴ ƻŦ wƛōǳƭƻǎŜ-мΣр-.ƛǎǇƘƻǎǇƘŀǘŜ 
/ŀǊōƻȄȅƭŀǎŜ ƛƴ ǘƘŜ tȅǊŜƴƻƛŘ ŀƴŘ ¢ƘȅƭŀƪƻƛŘ wŜƎƛƻƴ ƻŦ ǘƘŜ /ƘƭƻǊƻǇƭŀǎǘ ƻŦ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ tƭŀƴǘ 
tƘȅǎƛƻƭΣ мфутΦ уоόоύΥ ǇΦ слн-слсΦ 

млΦ ŘŜ ±ƛǘǊȅΣ /Φ ŀƴŘ hΦ ±ŀƭƭƻƴΣ aǳǘŀƴǘǎ ƻŦ /ƘƭŀƳȅŘƻƳƻƴŀǎΥ ǘƻƻƭǎ ǘƻ ǎǘǳŘȅ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜ ǎǘǊǳŎǘǳǊŜΣ 
ŦǳƴŎǘƛƻƴ ŀƴŘ ōƛƻƎŜƴŜǎƛǎΦ .ƛƻŎƘƛƳƛŜΣ мфффΦ умόсύΥ ǇΦ сом-поΦ 

ммΦ aŜǊŎƘŀƴǘΣ {Φ{ΦΣ Ŝǘ ŀƭΦΣ ¢ƘŜ /ƘƭŀƳȅŘƻƳƻƴŀǎ ƎŜƴƻƳŜ ǊŜǾŜŀƭǎ ǘƘŜ ŜǾƻƭǳǘƛƻƴ ƻŦ ƪŜȅ ŀƴƛƳŀƭ ŀƴŘ Ǉƭŀƴǘ 
ŦǳƴŎǘƛƻƴǎΦ {ŎƛŜƴŎŜΣ нллтΦ омуόрупуύΥ ǇΦ нпр-рлΦ 

мнΦ .ƭŀōȅΣ LΦYΦΣ Ŝǘ ŀƭΦΣ ¢ƘŜ /ƘƭŀƳȅŘƻƳƻƴŀǎ ƎŜƴƻƳŜ ǇǊƻƧŜŎǘΥ ŀ ŘŜŎŀŘŜ ƻƴΦ ¢ǊŜƴŘǎ tƭŀƴǘ {ŎƛΣ нлмпΦ мфόмлύΥ ǇΦ стн-
улΦ 

моΦ DƻƪǎƻȅǊΣ WΦΣ 9Ǿƻƭǳǘƛƻƴ ƻŦ ŜǳŎŀǊȅƻǘƛŎ ŎŜƭƭǎΦ bŀǘǳǊŜΣ мфстΦ нмпόрлфоύΥ ǇΦ ммсмΦ 

мпΦ DǊŀȅΣ aΦ²ΦΣ ¢ƘŜ ŜƴŘƻǎȅƳōƛƻƴǘ ƘȅǇƻǘƘŜǎƛǎ ǊŜǾƛǎƛǘŜŘΦ Lƴǘ wŜǾ /ȅǘƻƭΣ мффнΦ мпмΥ ǇΦ ноо-ортΦ 

мрΦ DǊŀȅΣ aΦ²ΦΣ DΦ .ǳǊƎŜǊΣ ŀƴŘ .ΦCΦ [ŀƴƎΣ aƛǘƻŎƘƻƴŘǊƛŀƭ ŜǾƻƭǳǘƛƻƴΦ {ŎƛŜƴŎŜΣ мфффΦ нуоόрплтύΥ ǇΦ мптс-умΦ 

мсΦ .ƻƎƻǊŀŘΣ [ΦΣ 9Ǿƻƭǳǘƛƻƴ ƻŦ ŜŀǊƭȅ ŜǳƪŀǊȅƻǘƛŎ ŎŜƭƭǎΥ ƎŜƴƻƳŜǎΣ ǇǊƻǘŜƻƳŜǎΣ ŀƴŘ ŎƻƳǇŀǊǘƳŜƴǘǎΦ tƘƻǘƻǎȅƴǘƘ wŜǎΣ 
нллуΦ фрόмύΥ ǇΦ мм-нмΦ 

мтΦ aŀǳƭΣ WΦ9ΦΣ Ŝǘ ŀƭΦΣ ¢ƘŜ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛ ǇƭŀǎǘƛŘ ŎƘǊƻƳƻǎƻƳŜΥ ƛǎƭŀƴŘǎ ƻŦ ƎŜƴŜǎ ƛƴ ŀ ǎŜŀ ƻŦ ǊŜǇŜŀǘǎΦ 
tƭŀƴǘ /ŜƭƭΣ нллнΦ мпόммύΥ ǇΦ нсрф-тфΦ 

муΦ wƛǎΣ IΦ ŀƴŘ ²Φ tƭŀǳǘΣ ¦ƭǘǊŀǎǘǊǳŎǘǳǊŜ ƻŦ 5b!-ŎƻƴǘŀƛƴƛƴƎ ŀǊŜŀǎ ƛƴ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ƻŦ /ƘƭŀƳȅŘƻƳƻƴŀǎΦ W /Ŝƭƭ 
.ƛƻƭΣ мфснΦ моΥ ǇΦ оуо-фмΦ 
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мфΦ ¢ 9ƘŀǊŀΣ ¸ΦhΦΣ ¢ hǎŀŦǳƴŜΣ 9 IŀǎŜΣ .ŜƘŀǾƛƻǊ ƻŦ /ƘƭƻǊƻǇƭŀǎǘ bǳŎƭŜƻƛŘǎ 5ǳǊƛƴƎ ǘƘŜ /Ŝƭƭ /ȅŎƭŜ ƻŦ 
/ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛ ƛƴ {ȅƴŎƘǊƻƴƛȊŜŘ /ǳƭǘǳǊŜΦ /ǳǊǊŜƴǘ wŜǎŜŀǊŎƘ ƛƴ tƘƻǘƻǎȅƴǘƘŜǎƛǎΣ мффлΦ нсόнύΥ ǇΦ тΦ 

нлΦ {ƘƛΣ [Φ·Φ ŀƴŘ {ΦaΦ ¢ƘŜƎΣ ¢ƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ǇǊƻǘŜƛƴ ƛƳǇƻǊǘ ǎȅǎǘŜƳΥ ŦǊƻƳ ŀƭƎŀŜ ǘƻ ǘǊŜŜǎΦ .ƛƻŎƘƛƳ .ƛƻǇƘȅǎ !ŎǘŀΣ 
нлмоΦ муооόнύΥ ǇΦ омп-омΦ 

нмΦ ½ŜǊƎŜǎΣ ²Φ ŀƴŘ /Φ IŀǳǎŜǊΣ ŜŘǎΦ /ƘŀǇǘŜǊ ну - tǊƻǘŜƛƴ {ȅƴǘƘŜǎƛǎ ƛƴ ǘƘŜ /ƘƭƻǊƻǇƭŀǎǘΦ ¢ƘŜ /ƘƭŀƳȅŘƻƳƻƴŀǎ 
{ƻǳǊŎŜōƻƻƪ ό{ŜŎƻƴŘ 9ŘƛǘƛƻƴύΣ ŜŘΦ 9Φ IŀǊǊƛǎΣ {ǘŜǊƴ 5.Σ  ²ƛǘƳŀƴΣ D.Φ ±ƻƭΦ нΦ нллфΣ 9ƭǎŜǾƛŜǊΦ фст-млнрΦ 

ннΦ ½ŜǊƎŜǎΣ ²ΦΣ ¢Ǌŀƴǎƭŀǘƛƻƴ ƛƴ ŎƘƭƻǊƻǇƭŀǎǘǎΦ .ƛƻŎƘƛƳƛŜΣ нлллΦ унόс-тύΥ ǇΦ руо-слмΦ 

ноΦ aƻǊƛǘŀΣ 9ΦΣ Ŝǘ ŀƭΦΣ tǊŜǎŜƴŎŜ ƻŦ ǘƘŜ /hн-ŎƻƴŎŜƴǘǊŀǘƛƴƎ ƳŜŎƘŀƴƛǎƳ ƛƴ ǎƻƳŜ ǎǇŜŎƛŜǎ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ-ƭŜǎǎ ŦǊŜŜ-
ƭƛǾƛƴƎ ŀƭƎŀƭ ƎŜƴǳǎ /ƘƭƻǊƻƳƻƴŀǎ ό±ƻƭǾƻŎŀƭŜǎΣ /ƘƭƻǊƻǇƘȅǘŀύΦ tƭŀƴǘŀΣ мффуΦ нлпόоύΥ ǇΦ нсф-тсΦ 

нпΦ bƻȊŀƪƛΣ IΦΣ YΦ hƴƛǎƘƛΣ ŀƴŘ 9Φ aƻǊƛǘŀΣ 5ƛŦŦŜǊŜƴŎŜǎ ƛƴ ǇȅǊŜƴƻƛŘ ƳƻǊǇƘƻƭƻƎȅ ŀǊŜ ŎƻǊǊŜƭŀǘŜŘ ǿƛǘƘ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ 
ǘƘŜ ǊōŎ[ ƎŜƴŜǎ ƻŦ ƳŜƳōŜǊǎ ƻŦ ǘƘŜ /ƘƭƻǊƻƳƻƴŀǎ ƭƛƴŜŀƎŜ όǾƻƭǾƻŎŀƭŜǎΣ ŎƘƭƻǊƻǇƘȅŎŜŀŜύΦ W aƻƭ 9ǾƻƭΣ нллнΦ 
ррόпύΥ ǇΦ пмп-олΦ 

нрΦ /ƘŀƴΣ YΦΣ ¢ƘŜ ǇȅǊŜƴƻƛŘǎ ƻŦ ǘƘŜ ƎǊŜŜƴ ŀƭƎŀŜ ό/ƘƭƻǊƻǇƘȅŎŜŀŜύΦ !ŎŀŘŜƳƛŎ !ƴƴǳŀƭΣ мфтнΦ нΥ ǇΦ мсΦ 

нсΦ aŎƪŀȅΣ wΦaΦ[Φ ŀƴŘ {ΦtΦ DƛōōǎΣ /ƻƳǇƻǎƛǘƛƻƴ ŀƴŘ CǳƴŎǘƛƻƴ ƻŦ tȅǊŜƴƻƛŘǎ - /ȅǘƻŎƘŜƳƛŎŀƭ ŀƴŘ 
LƳƳǳƴƻŎȅǘƻŎƘŜƳƛŎŀƭ !ǇǇǊƻŀŎƘŜǎΦ /ŀƴŀŘƛŀƴ WƻǳǊƴŀƭ ƻŦ .ƻǘŀƴȅ-wŜǾǳŜ /ŀƴŀŘƛŜƴƴŜ 5Ŝ .ƻǘŀƴƛǉǳŜΣ мффмΦ 
сфόрύΥ ǇΦ млпл-млрнΦ 

нтΦ .ŀŘƎŜǊΣ aΦwΦΣ Ŝǘ ŀƭΦΣ ¢ƘŜ ŘƛǾŜǊǎƛǘȅ ŀƴŘ ŎƻŜǾƻƭǳǘƛƻƴ ƻŦ wǳōƛǎŎƻΣ ǇƭŀǎǘƛŘǎΣ ǇȅǊŜƴƻƛŘǎΣ ŀƴŘ ŎƘƭƻǊƻǇƭŀǎǘ-ōŀǎŜŘ 
/hн-ŎƻƴŎŜƴǘǊŀǘƛƴƎ ƳŜŎƘŀƴƛǎƳǎ ƛƴ ŀƭƎŀŜΦ /ŀƴŀŘƛŀƴ WƻǳǊƴŀƭ ƻŦ .ƻǘŀƴȅ-wŜǾǳŜ /ŀƴŀŘƛŜƴƴŜ 5Ŝ .ƻǘŀƴƛǉǳŜΣ 
мффуΦ тсόсύΥ ǇΦ млрн-млтмΦ 

нуΦ aŎYŀȅΣ wΦaΦ ŀƴŘ {ΦtΦ DƛōōǎΣ tƘȅŎƻŜǊȅǘƘǊƛƴ ƛǎ ŀōǎŜƴǘ ŦǊƻƳ ǘƘŜ ǇȅǊŜƴƻƛŘ ƻŦ tƻǊǇƘȅǊƛŘƛǳƳ ŎǊǳŜƴǘǳƳΥ 
ǇƘƻǘƻǎȅƴǘƘŜǘƛŎ ƛƳǇƭƛŎŀǘƛƻƴǎΦ tƭŀƴǘŀΣ мффлΦ мулόнύΥ ǇΦ нпф-рсΦ 

нфΦ {ǳǎǎΣ YΦIΦΣ LΦ tǊƻƪƘƻǊŜƴƪƻΣ ŀƴŘ YΦ !ŘƭŜǊΣ Lƴ {ƛǘǳ !ǎǎƻŎƛŀǘƛƻƴ ƻŦ /ŀƭǾƛƴ /ȅŎƭŜ 9ƴȊȅƳŜǎΣ wƛōǳƭƻǎŜ-мΣр-
.ƛǎǇƘƻǎǇƘŀǘŜ /ŀǊōƻȄȅƭŀǎŜκhȄȅƎŜƴŀǎŜ !ŎǘƛǾŀǎŜΣ CŜǊǊŜŘƻȄƛƴ-b!5tҌ wŜŘǳŎǘŀǎŜΣ ŀƴŘ bƛǘǊƛǘŜ wŜŘǳŎǘŀǎŜ ǿƛǘƘ 
¢ƘȅƭŀƪƻƛŘ ŀƴŘ tȅǊŜƴƻƛŘ aŜƳōǊŀƴŜǎ ƻŦ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛ /ƘƭƻǊƻǇƭŀǎǘǎ ŀǎ wŜǾŜŀƭŜŘ ōȅ 
LƳƳǳƴƻŜƭŜŎǘǊƻƴ aƛŎǊƻǎŎƻǇȅΦ tƭŀƴǘ tƘȅǎƛƻƭΣ мффрΦ млтόпύΥ ǇΦ моут-мофтΦ 

олΦ DƻǿƛƪΣ ¦Φ ŀƴŘ tΦ ²ŜǎǘƘƻŦŦΣ ¢ƘŜ ǇŀǘƘ ŦǊƻƳ /о ǘƻ /п ǇƘƻǘƻǎȅƴǘƘŜǎƛǎΦ tƭŀƴǘ tƘȅǎƛƻƭΣ нлммΦ мррόмύΥ ǇΦ рс-соΦ 

омΦ aŀǊƛǎŎŀƭΣ ±ΦΣ Ŝǘ ŀƭΦΣ 5ƛŦŦŜǊŜƴǘƛŀƭ ǊŜƎǳƭŀǘƛƻƴ ƻŦ ǘƘŜ /ƘƭŀƳȅŘƻƳƻƴŀǎ bŀǊм ƎŜƴŜ ŦŀƳƛƭȅ ōȅ ŎŀǊōƻƴ ŀƴŘ 
ƴƛǘǊƻƎŜƴΦ tǊƻǘƛǎǘΣ нллсΦ мртόпύΥ ǇΦ пнм-ооΦ 

онΦ CǳƪǳȊŀǿŀΣ IΦΣ Ŝǘ ŀƭΦΣ /ŎƳмΣ ŀ ǊŜƎǳƭŀǘƻǊȅ ƎŜƴŜ ŎƻƴǘǊƻƭƭƛƴƎ ǘƘŜ ƛƴŘǳŎǘƛƻƴ ƻŦ ŀ ŎŀǊōƻƴ-ŎƻƴŎŜƴǘǊŀǘƛƴƎ 
ƳŜŎƘŀƴƛǎƳ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛ ōȅ ǎŜƴǎƛƴƎ /hн ŀǾŀƛƭŀōƛƭƛǘȅΦ tǊƻŎ bŀǘƭ !ŎŀŘ {Ŏƛ ¦ { !Σ нллмΦ 
фуόфύΥ ǇΦ ропт-рнΦ 

ооΦ aŜȅŜǊΣ aΦ¢ΦΣ Ŝǘ ŀƭΦΣ wǳōƛǎŎƻ ǎƳŀƭƭ-ǎǳōǳƴƛǘ ŀƭǇƘŀ-ƘŜƭƛŎŜǎ ŎƻƴǘǊƻƭ ǇȅǊŜƴƻƛŘ ŦƻǊƳŀǘƛƻƴ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎΦ 
tǊƻŎ bŀǘƭ !ŎŀŘ {Ŏƛ ¦ { !Σ нлмнΦ млфόптύΥ ǇΦ мфптп-фΦ 

опΦ {ŀƎŜǊΣ wΦ ŀƴŘ DΦ9Φ tŀƭŀŘŜΣ {ǘǊǳŎǘǳǊŜ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎΦ LΦ ¢ƘŜ ƴƻǊƳŀƭ 
ƎǊŜŜƴ ŎŜƭƭΦ W .ƛƻǇƘȅǎ .ƛƻŎƘŜƳ /ȅǘƻƭΣ мфртΦ оόоύΥ ǇΦ псо-ууΦ 

орΦ 9ƴƎŜƭΣ .Φ5ΦΣ Ŝǘ ŀƭΦΣ bŀǘƛǾŜ ŀǊŎƘƛǘŜŎǘǳǊŜ ƻŦ ǘƘŜ /ƘƭŀƳȅŘƻƳƻƴŀǎ ŎƘƭƻǊƻǇƭŀǎǘ ǊŜǾŜŀƭŜŘ ōȅ ƛƴ ǎƛǘǳ ŎǊȅƻ-ŜƭŜŎǘǊƻƴ 
ǘƻƳƻƎǊŀǇƘȅΦ 9ƭƛŦŜΣ нлмрΦ пΦ 
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осΦ ¢Σ aΦ{ΦŀΦIΦΣ CǳǊǘƘŜǊ ŎƻƴŦƛǊƳŀǘƛƻƴ ƻŦ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ 5b! ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘ ŎƻǊŜ ƻŦ ǘƘŜ ǎƛǇƘƻƴƻǳǎ ƎǊŜŜƴ ŀƭƎŀƭ 
ƎŜƴǳǎ /ŀǳƭŜǊǇŀ ό/ŀǳƭŜǊǇŀƭŜǎΣ ¦ƭǾƻǇƘȅŎŜŀŜΣ /ƘƭƻǊƻǇƘȅǘŀύΦ tƘȅŎƻƭƻƎƛŎŀƭ wŜǎŜŀǊŎƘΣ мффрΦ поΥ ǇΦ пΦ 

отΦ {ƘǳƪƭŀΣ aΦΣ Ŝǘ ŀƭΦΣ ¦±LомҌLǎ ŀ 5b! 9ƴŘƻƴǳŎƭŜŀǎŜ ¢Ƙŀǘ 5ȅƴŀƳƛŎŀƭƭȅ [ƻŎŀƭƛȊŜǎ ǘƻ /ƘƭƻǊƻǇƭŀǎǘ tȅǊŜƴƻƛŘǎ ƛƴ /Φ 
ǊŜƛƴƘŀǊŘǘƛƛΦ tƭƻǎ hƴŜΣ нлмнΦ тόмнύΦ 

оуΦ ¦ƴƛŀŎƪŜΣ WΦ ŀƴŘ ²Φ ½ŜǊƎŜǎΣ {ǘǊŜǎǎ ƛƴŘǳŎŜǎ ǘƘŜ ŀǎǎŜƳōƭȅ ƻŦ wb! ƎǊŀƴǳƭŜǎ ƛƴ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ƻŦ 
/ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ W /Ŝƭƭ .ƛƻƭΣ нллуΦ мунόпύΥ ǇΦ спм-сΦ 

офΦ DƻƭŘōŜǊƎΣ LΦ ŀƴŘ LΦ hƘŀŘΣ .ƛƻƎŜƴŜǎƛǎ ƻŦ ŎƘƭƻǊƻǇƭŀǎǘ ƳŜƳōǊŀƴŜǎΦ ±Φ ! ǊŀŘƛƻŀǳǘƻƎǊŀǇƘƛŎ ǎǘǳŘȅ ƻŦ ƳŜƳōǊŀƴŜ 
ƎǊƻǿǘƘ ƛƴ ŀ Ƴǳǘŀƴǘ ƻŦ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘƛ ȅ-мΦ W /Ŝƭƭ .ƛƻƭΣ мфтлΦ ппόоύΥ ǇΦ ртн-фмΦ 

плΦ aƛŎƘŀŜƭǎΣ !Φ{ΦΣ /Φ[Φ WŜƭǎŜƳŀΣ ŀƴŘ wΦWΦ .ŀǊǊƴŜǘǘΣ aŜƳōǊŀƴŜ ƭƛǇƛŘ ƳŜǘŀōƻƭƛǎƳ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛ 
мотҌ ŀƴŘ ȅ-мΥ LLΦ /ȅǘƻŎƘŜƳƛŎŀƭ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ŀŎȅƭǘǊŀƴǎŦŜǊŀǎŜ ŀŎǘƛǾƛǘƛŜǎΦ W ¦ƭǘǊŀǎǘǊǳŎǘ wŜǎΣ мфуоΦ унόмύΥ ǇΦ 
ор-рмΦ 

пмΦ .ŀǳǿŜΣ IΦΣ aΦ IŀƎŜƳŀƴƴΣ ŀƴŘ !ΦwΦ CŜǊƴƛŜΣ tƘƻǘƻǊŜǎǇƛǊŀǘƛƻƴΥ ǇƭŀȅŜǊǎΣ ǇŀǊǘƴŜǊǎ ŀƴŘ ƻǊƛƎƛƴΦ ¢ǊŜƴŘǎ tƭŀƴǘ {ŎƛΣ 
нлмлΦ мрόсύΥ ǇΦ оол-сΦ 

пнΦ !ƴŘŜǊǎǎƻƴΣ LΦ ŀƴŘ !Φ .ŀŎƪƭǳƴŘΣ {ǘǊǳŎǘǳǊŜ ŀƴŘ ŦǳƴŎǘƛƻƴ ƻŦ wǳōƛǎŎƻΦ tƭŀƴǘ tƘȅǎƛƻƭ .ƛƻŎƘŜƳΣ нллуΦ псόоύΥ ǇΦ 
нтр-фмΦ 

поΦ {ǇǊŜƛǘȊŜǊΣ wΦWΦ ŀƴŘ aΦ9Φ {ŀƭǾǳŎŎƛΣ wǳōƛǎŎƻΥ ǎǘǊǳŎǘǳǊŜΣ ǊŜƎǳƭŀǘƻǊȅ ƛƴǘŜǊŀŎǘƛƻƴǎΣ ŀƴŘ ǇƻǎǎƛōƛƭƛǘƛŜǎ ŦƻǊ ŀ ōŜǘǘŜǊ 
ŜƴȊȅƳŜΦ !ƴƴǳ wŜǾ tƭŀƴǘ .ƛƻƭΣ нллнΦ роΥ ǇΦ ппф-трΦ 

ппΦ DƻƭŘǎŎƘƳƛŘǘ-/ƭŜǊƳƻƴǘΣ aΦΣ aΦ wŀƘƛǊŜΣ ŀƴŘ WΦ5Φ wƻŎƘŀƛȄΣ wŜŘǳƴŘŀƴǘ Ŏƛǎ-ŀŎǘƛƴƎ ŘŜǘŜǊƳƛƴŀƴǘǎ ƻŦ оϥ 
ǇǊƻŎŜǎǎƛƴƎ ŀƴŘ wb! ǎǘŀōƛƭƛǘȅ ƛƴ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ǊōŎ[ Ƴwb! ƻŦ /ƘƭŀƳȅŘƻƳƻƴŀǎΦ tƭŀƴǘ WΣ нллуΦ роόоύΥ ǇΦ рсс-
ттΦ 

прΦ YǳŎƘƛǘǎǳΣ YΦΣ aΦ ¢ǎǳȊǳƪƛΣ ŀƴŘ {Φ aƛȅŀŎƘƛΣ /ƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǘƘŜ tȅǊŜƴƻƛŘ LǎƻƭŀǘŜŘ ŦǊƻƳ ¦ƴƛŎŜƭƭǳƭŀǊ DǊŜŜƴ-
!ƭƎŀ /ƘƭŀƳȅŘƻƳƻƴŀǎ-wŜƛƴƘŀǊŘǘƛƛ - tŀǊǘƛŎǳƭŀǘŜ CƻǊƳ ƻŦ wǳōƛǎŎƻ tǊƻǘŜƛƴΦ tǊƻǘƻǇƭŀǎƳŀΣ мфууΦ мппόмύΥ ǇΦ мт-
нпΦ 

псΦ aƻǊƛǘŀΣ 9ΦΣ Ŝǘ ŀƭΦΣ IƛƎƘ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ǊƛōǳƭƻǎŜ-мΣр-ōƛǎǇƘƻǎǇƘŀǘŜ ŎŀǊōƻȄȅƭŀǎŜκƻȄȅƎŜƴŀǎŜ ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘǎ ƻŦ 
/ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛ ό/ƘƭƻǊƻǇƘȅǘŀύΣ ŀǎ ǊŜǾŜŀƭŜŘ ōȅ ŎǊȅƻŦƛȄŀǘƛƻƴ ŀƴŘ ƛƳƳǳƴƻƎƻƭŘ ŜƭŜŎǘǊƻƴ 
ƳƛŎǊƻǎŎƻǇȅΦ WƻǳǊƴŀƭ ƻŦ tƘȅŎƻƭƻƎȅΣ мффтΦ ооόмύΥ ǇΦ су-тнΦ 

птΦ IŜΣ tΦΣ DƻƭŘ ƛƳƳǳƴƻƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ wǳōƛǎŎƻ ŀƴŘ wǳōƛǎŎƻ ŀŎǘƛǾŀǎŜ ƛƴ ǇȅǊŜƴƻƛŘ ƻŦ /ƘƭŀƳȅŘƻƳƻƴŀǎ 
ǊŜƛƴƘŀǊŘǘƛƛΦ !ƭƎŀŜΣ нллоΦ муΥ ǇΦ тΦ 

пуΦ aŀǊƪŜƭƻǾŀΣ !ΦDΦΣ ¦ƭǘǊŀǎǘǳŎǘǳǊŀƭ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ǊƛōǳƭƻǎŜ ōƛǎǇƘƻǎǇƘŀǘŜ ŎŀǊōƻȄȅƭŀǎŜ ƛƴ ŀƭƎŀƭ ŎŜƭƭǎΦ CƛȊƛƻƭΦ wŀǎǘΣ 
мффлΦ отΥ ǇΦ рΦ 

пфΦ ±ƭŀŘƛƳƛǊƻǾŀΣ aΦDΦΣ ¦ǎŜ ƻŦ ǘƘŜ ŎȅǘƻƛƳƳǳƴƻŦƭǳƻǊŜǎŎŜƴǘ ƳŜǘƘƻŘ ǘƻ ŎƭŀǊƛŦȅ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ǊƛōǳƭƻǎŜ 
ōƛǎǇƘƻǎǇƘŀǘŜ ŎŀǊōƻȄȅƭŀǎŜ ƛƴ ǇȅǊŜƴƻƛŘǎ ƻŦ ǳƴƛŎŜƭƭǳƭŀǊ ŀƭƎŀŜΦ {ƻǾΦtƭŀƴǘ tƘǎƛƻƭΦΣ мфунΦ нфόмлύΥ ǇΦ тнрΦ 

рлΦ YƭŜƛƴΣ ¦ΦΣ WΦ5Φ 5Ŝ /ŀƳǇΣ ŀƴŘ [Φ .ƻƎƻǊŀŘΣ ¢ǿƻ ǘȅǇŜǎ ƻŦ ŎƘƭƻǊƻǇƭŀǎǘ ƎŜƴŜ ǇǊƻƳƻǘŜǊǎ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ 
ǊŜƛƴƘŀǊŘǘƛƛΦ tǊƻŎ bŀǘƭ !ŎŀŘ {Ŏƛ ¦ { !Σ мффнΦ уфόуύΥ ǇΦ опро-тΦ 

рмΦ .ŀǊƴŜǎΣ 5ΦΣ Ŝǘ ŀƭΦΣ /ƻƴǘǊƛōǳǘƛƻƴ ƻŦ рϥ- ŀƴŘ оϥ-ǳƴǘǊŀƴǎƭŀǘŜŘ ǊŜƎƛƻƴǎ ƻŦ ǇƭŀǎǘƛŘ Ƴwb!ǎ ǘƻ ǘƘŜ ŜȄǇǊŜǎǎƛƻƴ ƻŦ 
/ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛ ŎƘƭƻǊƻǇƭŀǎǘ ƎŜƴŜǎΦ aƻƭ DŜƴŜǘ DŜƴƻƳƛŎǎΣ нллрΦ нтпόсύΥ ǇΦ снр-осΦ 

рнΦ .ƭƻǿŜǊǎΣ !Φ5ΦΣ Ŝǘ ŀƭΦΣ CǳƴŎǘƛƻƴŀƭ ƛƴ ǾƛǾƻ ŀƴŀƭȅǎŜǎ ƻŦ ǘƘŜ оϥ ŦƭŀƴƪƛƴƎ ǎŜǉǳŜƴŎŜǎ ƻŦ ǘƘŜ /ƘƭŀƳȅŘƻƳƻƴŀǎ 
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ŎƘƭƻǊƻǇƭŀǎǘ ǊōŎ[ ŀƴŘ Ǉǎŀ. ƎŜƴŜǎΦ aƻƭ DŜƴ DŜƴŜǘΣ мффоΦ ноуόоύΥ ǇΦ ооф-пфΦ 

роΦ WƻƘƴǎƻƴΣ ·ΦΣ aŀƴƛǇǳƭŀǘƛƴƎ wǳ.ƛǎ/h ŀŎŎǳƳǳƭŀǘƛƻƴ ƛƴ ǘƘŜ ƎǊŜŜƴ ŀƭƎŀΣ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ tƭŀƴǘ aƻƭ 
.ƛƻƭΣ нлммΦ тсόо-рύΥ ǇΦ офт-плрΦ 

рпΦ ¸ƻǎŜŦΣ LΦΣ Ŝǘ ŀƭΦΣ wb! ōƛƴŘƛƴƎ ŀŎǘƛǾƛǘȅ ƻŦ ǘƘŜ ǊƛōǳƭƻǎŜ-мΣр-ōƛǎǇƘƻǎǇƘŀǘŜ ŎŀǊōƻȄȅƭŀǎŜκƻȄȅƎŜƴŀǎŜ ƭŀǊƎŜ ǎǳōǳƴƛǘ 
ŦǊƻƳ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ W .ƛƻƭ /ƘŜƳΣ нллпΦ нтфόммύΥ ǇΦ млмпу-рсΦ 

ррΦ wŜŎǳŜƴŎƻ-aǳƴƻȊΣ [ΦΣ Ŝǘ ŀƭΦΣ ¢ŀǊƎŜǘŜŘ ǉǳŀƴǘƛǘŀǘƛǾŜ ŀƴŀƭȅǎƛǎ ƻŦ ŀ ŘƛǳǊƴŀƭ wǳ.ƛǎ/h ǎǳōǳƴƛǘ ŜȄǇǊŜǎǎƛƻƴ ŀƴŘ 
ǘǊŀƴǎƭŀǘƛƻƴ ǇǊƻŦƛƭŜ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛ ƛƴǘǊƻŘǳŎƛƴƎ ŀ ƴƻǾŜƭ aŀǎǎ ²ŜǎǘŜǊƴ ŀǇǇǊƻŀŎƘΦ W 
tǊƻǘŜƻƳƛŎǎΣ нлмрΦ ммоΥ ǇΦ мпо-роΦ 

рсΦ ±ŀƴŎŜΣ tΦŀΦ{ΦΣ aΦ IΦΣ DǊƻǿǘƘΣ tƘƻǘƻǎȅƴǘƘŜǎƛǎ ŀƴŘ DŜƴŜ 9ȄǇǊŜǎǎƛƻƴ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ hǾŜǊ ŀ wŀƴƎŜ ƻŦ /hн 
/ƻƴŎŜƴǘǊŀǘƛƻƴǎ ŀƴŘ /hнκhн wŀǘƛƻǎΥ /hн wŜƎǳƭŀǘŜǎ aǳƭǘƛǇƭŜ !ŎŎƭƛƳŀǘƛƻƴ {ǘŀǘŜǎΦ нллрΥ Lƻǿŀ {ǘŀǘŜ 
¦ƴƛǾŜǊǎƛǘȅΦ мфуΦ 

ртΦ aƻǊƻƴŜȅΣ WΦ±ΦΣ Ŝǘ ŀƭΦΣ tƘƻǘƻǊŜǎǇƛǊŀǘƛƻƴ ŀƴŘ ŎŀǊōƻƴ ŎƻƴŎŜƴǘǊŀǘƛƴƎ ƳŜŎƘŀƴƛǎƳǎΥ ǘǿƻ ŀŘŀǇǘŀǘƛƻƴǎ ǘƻ ƘƛƎƘ hнΣ 
ƭƻǿ /hн ŎƻƴŘƛǘƛƻƴǎΦ tƘƻǘƻǎȅƴǘƘ wŜǎΣ нлмоΦ ммтόм-оύΥ ǇΦ мнм-омΦ 

руΦ .ǳǊƻǿΣ aΦ5ΦΣ Ŝǘ ŀƭΦΣ Lǎƻƭŀǘƛƻƴ ƻŦ Ŏ5b! ŎƭƻƴŜǎ ƻŦ ƎŜƴŜǎ ƛƴŘǳŎŜŘ ǳǇƻƴ ǘǊŀƴǎŦŜǊ ƻŦ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛ 
ŎŜƭƭǎ ǘƻ ƭƻǿ /hнΦ tƭŀƴǘ aƻƭ .ƛƻƭΣ мффсΦ омόнύΥ ǇΦ ппо-уΦ 

рфΦ 5ǳŀƴƳǳΣ 5ΦΣ Ŝǘ ŀƭΦΣ YƴƻŎƪŘƻǿƴ ƻŦ ƭƛƳƛǘƛƴƎ-/hн-ƛƴŘǳŎŜŘ ƎŜƴŜ I[!о ŘŜŎǊŜŀǎŜǎ I/hо- ǘǊŀƴǎǇƻǊǘ ŀƴŘ 
ǇƘƻǘƻǎȅƴǘƘŜǘƛŎ /ƛ ŀŦŦƛƴƛǘȅ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ tǊƻŎ bŀǘƭ !ŎŀŘ {Ŏƛ ¦ { !Σ нллфΦ млсόмпύΥ ǇΦ рффл-
рΦ 

слΦ ±ŀƴΣ YΦ ŀƴŘ aΦIΦ {ǇŀƭŘƛƴƎΣ tŜǊƛǇƭŀǎƳƛŎ ŎŀǊōƻƴƛŎ ŀƴƘȅŘǊŀǎŜ ǎǘǊǳŎǘǳǊŀƭ ƎŜƴŜ ό/ŀƘмύ Ƴǳǘŀƴǘ ƛƴ 
ŎƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ tƭŀƴǘ tƘȅǎƛƻƭΣ мфффΦ мнлόоύΥ ǇΦ трт-спΦ 

смΦ .ŀŘƎŜǊΣ aΦwΦ ŀƴŘ DΦ5Φ tǊƛŎŜΣ /ŀǊōƻƴƛŎ !ƴƘȅŘǊŀǎŜ !ŎǘƛǾƛǘȅ !ǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ /ȅŀƴƻōŀŎǘŜǊƛǳƳ 
{ȅƴŜŎƘƻŎƻŎŎǳǎ t//тфпнΦ tƭŀƴǘ tƘȅǎƛƻƭΣ мфуфΦ уфόмύΥ ǇΦ рм-слΦ 

снΦ ¢ƛǊǳƳŀƴƛΣ {ΦΣ Ŝǘ ŀƭΦΣ wŜƎǳƭŀǘƛƻƴ ƻŦ //a ƎŜƴŜǎ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛ ŘǳǊƛƴƎ ŎƻƴŘƛǘƛƻƴǎ ƻŦ ƭƛƎƘǘ-ŘŀǊƪ 
ŎȅŎƭŜǎ ƛƴ ǎȅƴŎƘǊƻƴƻǳǎ ŎǳƭǘǳǊŜǎΦ tƭŀƴǘ aƻƭ .ƛƻƭΣ нлмпΦ урόоύΥ ǇΦ нтт-усΦ 

соΦ aƛǳǊŀΣ YΦΣ Ŝǘ ŀƭΦΣ 9ȄǇǊŜǎǎƛƻƴ ǇǊƻŦƛƭƛƴƎ-ōŀǎŜŘ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ /hн-ǊŜǎǇƻƴǎƛǾŜ ƎŜƴŜǎ ǊŜƎǳƭŀǘŜŘ ōȅ //aм 
ŎƻƴǘǊƻƭƭƛƴƎ ŀ ŎŀǊōƻƴ-ŎƻƴŎŜƴǘǊŀǘƛƴƎ ƳŜŎƘŀƴƛǎƳ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ tƭŀƴǘ tƘȅǎƛƻƭΣ нллпΦ морόоύΥ 
ǇΦ мрфр-слтΦ 

спΦ tƻƭƭƻŎƪΣ {Φ±ΦΣ Ŝǘ ŀƭΦΣ ¢ƘŜ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛ ǇǊƻǘŜƛƴǎ /ŎǇм ŀƴŘ /ŎǇн ŀǊŜ ǊŜǉǳƛǊŜŘ ŦƻǊ ƭƻƴƎ-ǘŜǊƳ 
ƎǊƻǿǘƘΣ ōǳǘ ŀǊŜ ƴƻǘ ƴŜŎŜǎǎŀǊȅ ŦƻǊ ŜŦŦƛŎƛŜƴǘ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎΣ ƛƴ ŀ ƭƻǿ-/hн ŜƴǾƛǊƻƴƳŜƴǘΦ tƭŀƴǘ aƻƭ .ƛƻƭΣ нллпΦ 
рсόмύΥ ǇΦ мнр-онΦ 

срΦ wƻƭƭŀƴŘΣ bΦΣ Ŝǘ ŀƭΦΣ 5ƛǎǊǳǇǘƛƻƴ ƻŦ ǘƘŜ ǇƭŀǎǘƛŘ ȅŎŦмл ƻǇŜƴ ǊŜŀŘƛƴƎ ŦǊŀƳŜ ŀŦŦŜŎǘǎ ǳǇǘŀƪŜ ƻŦ ƛƴƻǊƎŀƴƛŎ ŎŀǊōƻƴ ƛƴ 
ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ƻŦ /ƘƭŀƳȅŘƻƳƻƴŀǎΦ 9a.h WΣ мффтΦ мсόннύΥ ǇΦ стмо-нсΦ 

ссΦ ²ŀƴƎΣ ¸ΦΣ 5Φ 5ǳŀƴƳǳΣ ŀƴŘ aΦIΦ {ǇŀƭŘƛƴƎΣ /ŀǊōƻƴ ŘƛƻȄƛŘŜ ŎƻƴŎŜƴǘǊŀǘƛƴƎ ƳŜŎƘŀƴƛǎƳ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ 
ǊŜƛƴƘŀǊŘǘƛƛΥ ƛƴƻǊƎŀƴƛŎ ŎŀǊōƻƴ ǘǊŀƴǎǇƻǊǘ ŀƴŘ /hн ǊŜŎŀǇǘǳǊŜΦ tƘƻǘƻǎȅƴǘƘ wŜǎΣ нлммΦ млфόм-оύΥ ǇΦ ммр-ннΦ 

стΦ ²ŀƴƎΣ ¸Φ ŀƴŘ aΦIΦ {ǇŀƭŘƛƴƎΣ [/L. ƛƴ ǘƘŜ /ƘƭŀƳȅŘƻƳƻƴŀǎ /hн-ŎƻƴŎŜƴǘǊŀǘƛƴƎ ƳŜŎƘŀƴƛǎƳΦ tƘƻǘƻǎȅƴǘƘ wŜǎΣ 
нлмпΦ мнмόн-оύΥ ǇΦ мур-фнΦ 

суΦ ¸ŀƳŀƴƻΣ ¢ΦΣ Ŝǘ ŀƭΦΣ Lǎƻƭŀǘƛƻƴ ŀƴŘ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ Ƴǳǘŀƴǘǎ ŘŜŦŜŎǘƛǾŜ ƛƴ ǘƘŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ [/L.Σ ŀƴ 



124 

ŜǎǎŜƴǘƛŀƭ ŦŀŎǘƻǊ ŦƻǊ ǘƘŜ ŎŀǊōƻƴ-ŎƻƴŎŜƴǘǊŀǘƛƴƎ ƳŜŎƘŀƴƛǎƳ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ tƘƻǘƻǎȅƴǘƘ wŜǎΣ 
нлмпΦ мнмόн-оύΥ ǇΦ мфо-нллΦ 

сфΦ aƻǊƻƴŜȅΣ WΦ±Φ ŀƴŘ wΦ!Φ ¸ƴŀƭǾŜȊΣ tǊƻǇƻǎŜŘ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ŎƻƴŎŜƴǘǊŀǘƛƴƎ ƳŜŎƘŀƴƛǎƳ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ 
ǊŜƛƴƘŀǊŘǘƛƛΦ 9ǳƪŀǊȅƻǘ /ŜƭƭΣ нллтΦ сόуύΥ ǇΦ мнрм-фΦ 

тлΦ .ƻǊƪƘǎŜƴƛƻǳǎΣ hΦbΦΣ /Φ.Φ aŀǎƻƴΣ ŀƴŘ WΦ±Φ aƻǊƻƴŜȅΣ ¢ƘŜ ƛƴǘǊŀŎŜƭƭǳƭŀǊ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ǊƛōǳƭƻǎŜ-мΣр-
ōƛǎǇƘƻǎǇƘŀǘŜ /ŀǊōƻȄȅƭŀǎŜκhȄȅƎŜƴŀǎŜ ƛƴ ŎƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ tƭŀƴǘ tƘȅǎƛƻƭΣ мффуΦ ммсόпύΥ ǇΦ мрур-
фмΦ 

тмΦ ²ŀƴƎΣ ¸ΦΣ 5ΦWΦ {ǘŜǎǎƳŀƴΣ ŀƴŘ aΦIΦ {ǇŀƭŘƛƴƎΣ ¢ƘŜ /hн ŎƻƴŎŜƴǘǊŀǘƛƴƎ ƳŜŎƘŀƴƛǎƳ ŀƴŘ ǇƘƻǘƻǎȅƴǘƘŜǘƛŎ ŎŀǊōƻƴ 
ŀǎǎƛƳƛƭŀǘƛƻƴ ƛƴ ƭƛƳƛǘƛƴƎ /hн Υ Ƙƻǿ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǿƻǊƪǎ ŀƎŀƛƴǎǘ ǘƘŜ ƎǊŀŘƛŜƴǘΦ tƭŀƴǘ WΣ нлмрΦ унόоύΥ ǇΦ пнф-
пуΦ 

тнΦ YŀǊƭǎǎƻƴΣ WΦΣ Ŝǘ ŀƭΦΣ ! ƴƻǾŜƭ ŀƭǇƘŀ-ǘȅǇŜ ŎŀǊōƻƴƛŎ ŀƴƘȅŘǊŀǎŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜ ƛƴ 
/ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛ ƛǎ ǊŜǉǳƛǊŜŘ ŦƻǊ ƎǊƻǿǘƘ ŀǘ ŀƳōƛŜƴǘ /hнΦ 9a.h WΣ мффуΦ мтόрύΥ ǇΦ мнлу-мсΦ 

тоΦ {ƛƴŜǘƻǾŀΣ aΦ!ΦΣ Ŝǘ ŀƭΦΣ LŘŜƴǘƛŦƛŎŀǘƛƻƴ ŀƴŘ ŦǳƴŎǘƛƻƴŀƭ ǊƻƭŜ ƻŦ ǘƘŜ ŎŀǊōƻƴƛŎ ŀƴƘȅŘǊŀǎŜ /ŀƘо ƛƴ ǘƘȅƭŀƪƻƛŘ 
ƳŜƳōǊŀƴŜǎ ƻŦ ǇȅǊŜƴƻƛŘ ƻŦ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ .ƛƻŎƘƛƳ .ƛƻǇƘȅǎ !ŎǘŀΣ нлмнΦ мумтόуύΥ ǇΦ мнпу-ррΦ 

тпΦ aŜȅŜǊΣ aΦ ŀƴŘ IΦ DǊƛŦŦƛǘƘǎΣ ¢ƘŜ ƛƴǘŜǊƴŀƭ ǇƭǳƳōƛƴƎ ƻŦ ŀƭƎŀƭ ŎƘƭƻǊƻǇƭŀǎǘǎΦ 9ƭƛŦŜΣ нлмрΦ пΦ 

трΦ ²ŀƴƎΣ ¸ΦΣ 5ΦWΦ {ǘŜǎǎƳŀƴΣ ŀƴŘ aΦIΦ {ǇŀƭŘƛƴƎΣ ¢ƘŜ /h /ƻƴŎŜƴǘǊŀǘƛƴƎ aŜŎƘŀƴƛǎƳ ŀƴŘ tƘƻǘƻǎȅƴǘƘŜǘƛŎ /ŀǊōƻƴ 
!ǎǎƛƳƛƭŀǘƛƻƴ ƛƴ [ƛƳƛǘƛƴƎ /h Υ Ƙƻǿ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǿƻǊƪǎ ŀƎŀƛƴǎǘ ǘƘŜ ƎǊŀŘƛŜƴǘΦ tƭŀƴǘ WΣ нлмрΦ 

тсΦ ·ƛŀƴƎΣ ¸ΦΣ WΦ ½ƘŀƴƎΣ ŀƴŘ 5ΦtΦ ²ŜŜƪǎΣ ¢ƘŜ /ƛŀр ƎŜƴŜ ŎƻƴǘǊƻƭǎ ŦƻǊƳŀǘƛƻƴ ƻŦ ǘƘŜ ŎŀǊōƻƴ ŎƻƴŎŜƴǘǊŀǘƛƴƎ 
ƳŜŎƘŀƴƛǎƳ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ tǊƻŎ bŀǘƭ !ŎŀŘ {Ŏƛ ¦ { !Σ нллмΦ фуόфύΥ ǇΦ ропм-сΦ 

ттΦ CŀƴƎΣ ²ΦΣ Ŝǘ ŀƭΦΣ ¢ǊŀƴǎŎǊƛǇǘƻƳŜ-ǿƛŘŜ ŎƘŀƴƎŜǎ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛ ƎŜƴŜ ŜȄǇǊŜǎǎƛƻƴ ǊŜƎǳƭŀǘŜŘ ōȅ 
ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ŀƴŘ ǘƘŜ /hн-ŎƻƴŎŜƴǘǊŀǘƛƴƎ ƳŜŎƘŀƴƛǎƳ ǊŜƎǳƭŀǘƻǊ /L!рκ//aмΦ tƭŀƴǘ /ŜƭƭΣ нлмнΦ нпόрύΥ ǇΦ 
мутс-фоΦ 

туΦ bŜƭǎƻƴΣ 9Φ.Φ ŀƴŘ bΦ9Φ ¢ƻƭōŜǊǘΣ ¢ƘŜ ǊŜƎǳƭŀǘƛƻƴ ƻŦ ƎƭȅŎƻƭŀǘŜ ƳŜǘŀōƻƭƛǎƳ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ 
.ƛƻŎƘƛƳ .ƛƻǇƘȅǎ !ŎǘŀΣ мфсфΦ мупόнύΥ ǇΦ нсо-тлΦ 

тфΦ aŀǊŜƪΣ [ΦCΦ ŀƴŘ aΦIΦ {ǇŀƭŘƛƴƎΣ /ƘŀƴƎŜǎ ƛƴ tƘƻǘƻǊŜǎǇƛǊŀǘƻǊȅ 9ƴȊȅƳŜ !ŎǘƛǾƛǘȅ ƛƴ wŜǎǇƻƴǎŜ ǘƻ [ƛƳƛǘƛƴƎ /hόнύ 
ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ tƭŀƴǘ tƘȅǎƛƻƭΣ мффмΦ фтόмύΥ ǇΦ пнл-рΦ 

улΦ wŀƳŀȊŀƴƻǾ ½Σ wΦaΦΣ aŀǊƎŀǊŜǘ /Φ IŜƴƪΣ /ŀǘƘŜǊƛƴŜ .Φ aŀǎƻƴΣ {ƘŀǊƻƴ ²Φ aŀǘǘƘŜǿǎΣ WŀƳŜǎ ±Φ aƻǊƻƴŜȅΣ ¢ƘŜ 
ƛƴŘǳŎǘƛƻƴ ƻŦ ǘƘŜ /hн-ŎƻƴŎŜƴǘǊŀǘƛƴƎ ƳŜŎƘŀƴƛǎƳ ƛǎ ŎƻǊǊŜƭŀǘŜŘ ǿƛǘƘ ǘƘŜ ŦƻǊƳŀǘƛƻƴ ƻŦ ǘƘŜ ǎǘŀǊŎƘ ǎƘŜŀǘƘ 
ŀǊƻǳƴŘ ǘƘŜ ǇȅǊŜƴƻƛŘ ƻŦ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ ǇƭŀƴǘŀΣ мффпΦ мфрόнύΥ ǇΦ тΦ 

умΦ .ŀŘƎŜǊΣ aΦwΦŀΦtΦΣ DΦ5ΦΣ ¢ƘŜ wƻƭŜ ƻŦ /ŀǊōƻƴƛŎ !ƴƘȅŘǊŀǎŜ ƛƴ tƘƻǘƻǎȅƴǘƘŜǎƛǎΦ !ƴƴǳŀƭ wŜǾƛŜǿ ƻŦ tƭŀƴǘ 
tƘȅǎƛƻƭƻƎȅ ŀƴŘ tƭŀƴǘ aƻƭŜŎǳƭŀǊ .ƛƻƭƻƎȅΣ мффпΦ прΥ ǇΦ ноΦ 

унΦ DŜǊŀƎƘǘȅΣ !ΦaΦ ŀƴŘ aΦIΦ {ǇŀƭŘƛƴƎΣ aƻƭŜŎǳƭŀǊ ŀƴŘ {ǘǊǳŎǘǳǊŀƭ /ƘŀƴƎŜǎ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǳƴŘŜǊ [ƛƳƛǘƛƴƎ 
/hн ό! tƻǎǎƛōƭŜ aƛǘƻŎƘƻƴŘǊƛŀƭ wƻƭŜ ƛƴ !ŘŀǇǘŀǘƛƻƴύΦ tƭŀƴǘ tƘȅǎƛƻƭΣ мффсΦ мммόпύΥ ǇΦ мооф-моптΦ 

уоΦ IǳŜǊǘŀǎΣ LΦ9ΦΣ .Φ /ƻƭƳŀƴΣ ŀƴŘ DΦ{Φ 9ǎǇƛŜΣ aƛǘƻŎƘƻƴŘǊƛŀƭ-ŘǊƛǾŜƴ ōƛŎŀǊōƻƴŀǘŜ ǘǊŀƴǎǇƻǊǘ ǎǳǇǇƻǊǘǎ 
ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ƛƴ ŀ ƳŀǊƛƴŜ ƳƛŎǊƻŀƭƎŀΦ tƭŀƴǘ tƘȅǎƛƻƭΣ нллнΦ молόмύΥ ǇΦ нуп-фмΦ 

упΦ 5ŀƭƭϥhǎǘƻΣ [ΦΣ aΦ .ǊŜǎǎŀƴΣ ŀƴŘ wΦ .ŀǎǎƛΣ .ƛƻƎŜƴŜǎƛǎ ƻŦ ƭƛƎƘǘ ƘŀǊǾŜǎǘƛƴƎ ǇǊƻǘŜƛƴǎΦ .ƛƻŎƘƛƳ .ƛƻǇƘȅǎ !ŎǘŀΣ нлмрΦ 
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урΦ tŀǳƭ !Φ /ŀǎǘŜƭŦǊŀƴŎƻΣ {ΦLΦ.ΦΣ /I[hwhtI¸[[ .Lh{¸b¢I9{L{Υ wŜŎŜƴǘ !ŘǾŀƴŎŜǎ ŀƴŘ !ǊŜŀǎ ƻŦ /ǳǊǊŜƴǘ LƴǘŜǊŜǎǘΦ 
!ƴƴΦ wŜǾΦ tƭŀƴǘ tƘȅǎƛƻƭΦΣ мфуоΦ опΥ ǇΦ осΦ 

усΦ .ŜŀƭŜΣ {ΦLΦΣ /ƘƭƻǊƻǇƭŀǎǘ ǎƛƎƴŀƭƛƴƎΥ ǊŜǘǊƻƎǊŀŘŜ ǊŜƎǳƭŀǘƛƻƴ ǊŜǾŜƭŀǘƛƻƴǎΦ /ǳǊǊ .ƛƻƭΣ нлммΦ нмόмлύΥ ǇΦ wофм-оΦ 

утΦ aƻǳƭƛƴΣ aΦ ŀƴŘ !ΦDΦ {ƳƛǘƘΣ wŜƎǳƭŀǘƛƻƴ ƻŦ ǘŜǘǊŀǇȅǊǊƻƭŜ ōƛƻǎȅƴǘƘŜǎƛǎ ƛƴ ƘƛƎƘŜǊ ǇƭŀƴǘǎΦ .ƛƻŎƘŜƳ {ƻŎ ¢ǊŀƴǎΣ 
нллрΦ ооόtǘ пύΥ ǇΦ тот-пнΦ 

ууΦ .ŜŀƭŜΣ {ΦLΦΣ .ƛƻǎƴȅǘƘŜǎƛǎ ƻŦ /ƘƭƻǊƻǇƘȅƭƭǎ ŀƴŘ IŜƳŜǎΣ ƛƴ ¢ƘŜ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǎƻǳǊŎŜōƻƻƪŜΣ 5Φ.Φ {ǘŜǊƴΣ 9ŘƛǘƻǊΦ 
нллфΣ 9ƭǎŜǾƛŜǊΦ 

уфΦ 5ŀƛƭŜȅΣ ¢Φ!Φ ŀƴŘ IΦ!Φ 5ŀƛƭŜȅΣ LŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ώнCŜ-н{ϐ ŎƭǳǎǘŜǊǎ ƛƴ ƳƛŎǊƻōƛŀƭ ŦŜǊǊƻŎƘŜƭŀǘŀǎŜǎΦ W .ŀŎǘŜǊƛƻƭΣ 
нллнΦ мупόфύΥ ǇΦ нпсл-пΦ 

флΦ CǳŜǎƭŜǊΣ ¢ΦtΦΣ ¸Φ{Φ ²ƻƴƎΣ ŀƴŘ tΦ!Φ /ŀǎǘŜƭŦǊŀƴŎƻΣ [ƻŎŀƭƛȊŀǘƛƻƴ ƻŦ aƎ-/ƘŜƭŀǘŀǎŜ ŀƴŘ aƎ-tǊƻǘƻǇƻǊǇƘȅǊƛƴ L· 
aƻƴƻƳŜǘƘȅƭ 9ǎǘŜǊ όhȄƛŘŀǘƛǾŜύ /ȅŎƭŀǎŜ !ŎǘƛǾƛǘƛŜǎ ǿƛǘƘƛƴ LǎƻƭŀǘŜŘΣ 5ŜǾŜƭƻǇƛƴƎ /ǳŎǳƳōŜǊ /ƘƭƻǊƻǇƭŀǎǘǎΦ tƭŀƴǘ 
tƘȅǎƛƻƭΣ мфупΦ трόоύΥ ǇΦ ссн-пΦ 

фмΦ /ŀǎǘŜƭŦǊŀƴŎƻΣ tΦ!ΦΣ Ŝǘ ŀƭΦΣ ¢ƘŜ aƎ ƛƴǎŜǊǘƛƻƴ ǎǘŜǇ ƛƴ ŎƘƭƻǊƻǇƘȅƭƭ ōƛƻǎȅƴǘƘŜǎƛǎΦ !ǊŎƘ .ƛƻŎƘŜƳ .ƛƻǇƘȅǎΣ мфтфΦ 
мфнόнύΥ ǇΦ рфн-уΦ 

фнΦ ²ŀƭƪŜǊΣ /ΦWΦ ŀƴŘ wΦ5Φ ²ƛƭƭƻǿǎΣ aŜŎƘŀƴƛǎƳ ŀƴŘ ǊŜƎǳƭŀǘƛƻƴ ƻŦ aƎ-ŎƘŜƭŀǘŀǎŜΦ .ƛƻŎƘŜƳ WΣ мффтΦ онт ό tǘ нύΥ ǇΦ 
онм-ооΦ 

фоΦ ²ŀƭƪŜǊΣ /ΦWΦ ŀƴŘ WΦ5Φ ²ŜƛƴǎǘŜƛƴΣ ¢ƘŜ ƳŀƎƴŜǎƛǳƳ-ƛƴǎŜǊǘƛƻƴ ǎǘŜǇ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ōƛƻǎȅƴǘƘŜǎƛǎ ƛǎ ŀ ǘǿƻ-ǎǘŀƎŜ 
ǊŜŀŎǘƛƻƴΦ .ƛƻŎƘŜƳ WΣ мффпΦ нфф ό tǘ мύΥ ǇΦ нтт-упΦ 

фпΦ DǊƻǎǎƳŀƴΣ !ΦwΦΣ aΦ [ƻƘǊΣ ŀƴŘ /Φ{Φ LƳΣ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛ ƛƴ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ƻŦ ǇƛƎƳŜƴǘǎΦ !ƴƴǳ wŜǾ 
DŜƴŜǘΣ нллпΦ оуΥ ǇΦ ммф-тоΦ 

фрΦ [ŀǊƪƛƴΣ wΦaΦΣ Ŝǘ ŀƭΦΣ D¦bпΣ ŀ ǊŜƎǳƭŀǘƻǊ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ǎȅƴǘƘŜǎƛǎ ŀƴŘ ƛƴǘǊŀŎŜƭƭǳƭŀǊ ǎƛƎƴŀƭƛƴƎΦ {ŎƛŜƴŎŜΣ нллоΦ 
нффόрслуύΥ ǇΦ флн-сΦ 

фсΦ !ƭŀǿŀŘȅΣ !ΦΣ Ŝǘ ŀƭΦΣ /ƭƻƴƛƴƎ ŀƴŘ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ǘƘŜ ǘƻōŀŎŎƻ /I[a ǎŜǉǳŜƴŎŜ ŜƴŎƻŘƛƴƎ aƎ ǇǊƻǘƻǇƻǊǇƘȅǊƛƴ L· 
ƳŜǘƘȅƭǘǊŀƴǎŦŜǊŀǎŜ ŀƴŘ ƛǘǎ ƛƴǘŜǊŀŎǘƛƻƴ ǿƛǘƘ aƎ ŎƘŜƭŀǘŀǎŜΦ tƭŀƴǘ aƻƭ .ƛƻƭΣ нллрΦ ртόрύΥ ǇΦ стф-фмΦ 

фтΦ .ƻƭƭƛǾŀǊΣ 5Φ²Φ ŀƴŘ {ΦLΦ .ŜŀƭŜΣ ¢ƘŜ /ƘƭƻǊƻǇƘȅƭƭ .ƛƻǎȅƴǘƘŜǘƛŎ 9ƴȊȅƳŜ aƎ-tǊƻǘƻǇƻǊǇƘȅǊƛƴ L· aƻƴƻƳŜǘƘȅƭ 9ǎǘŜǊ 
όhȄƛŘŀǘƛǾŜύ /ȅŎƭŀǎŜ ό/ƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ŀƴŘ tŀǊǘƛŀƭ tǳǊƛŦƛŎŀǘƛƻƴ ŦǊƻƳ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛ ŀƴŘ 
{ȅƴŜŎƘƻŎȅǎǘƛǎ ǎǇΦ t// сулоύΦ tƭŀƴǘ tƘȅǎƛƻƭΣ мффсΦ ммнόмύΥ ǇΦ млр-ммпΦ 

фуΦ aƻǎŜƭŜȅΣ WΦΣ Ŝǘ ŀƭΦΣ ¢ƘŜ /ǊŘм ƎŜƴŜ ŜƴŎƻŘŜǎ ŀ ǇǳǘŀǘƛǾŜ Řƛ-ƛǊƻƴ ŜƴȊȅƳŜ ǊŜǉǳƛǊŜŘ ŦƻǊ ǇƘƻǘƻǎȅǎǘŜƳ L 
ŀŎŎǳƳǳƭŀǘƛƻƴ ƛƴ ŎƻǇǇŜǊ ŘŜŦƛŎƛŜƴŎȅ ŀƴŘ ƘȅǇƻȄƛŀ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ 9a.h WΣ нлллΦ мфόмлύΥ ǇΦ 
нмоф-рмΦ 

ффΦ tŀǊƘŀƳΣ wΦ ŀƴŘ /Φ!Φ wŜōŜƛȊΣ /ƘƭƻǊƻǇƭŀǎǘ ōƛƻƎŜƴŜǎƛǎΥ ώп-Ǿƛƴȅƭϐ ŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ŀ ǊŜŘǳŎǘŀǎŜ ƛǎ ŀ ŘƛǾƛƴȅƭ 
ŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ŀ-ǎǇŜŎƛŦƛŎΣ b!5tI-ŘŜǇŜƴŘŜƴǘ ŜƴȊȅƳŜΦ .ƛƻŎƘŜƳƛǎǘǊȅΣ мффнΦ омόосύΥ ǇΦ упсл-пΦ 

мллΦ tŀǊƘŀƳΣ wΦ ŀƴŘ /Φ!Φ wŜōŜƛȊΣ /ƘƭƻǊƻǇƭŀǎǘ ōƛƻƎŜƴŜǎƛǎ тнΥ ŀ ώп-ǾƛƴȅƭϐŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ŀ ǊŜŘǳŎǘŀǎŜ ŀǎǎŀȅ ǳǎƛƴƎ 
ŘƛǾƛƴȅƭ ŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ŀ ŀǎ ŀƴ ŜȄƻƎŜƴƻǳǎ ǎǳōǎǘǊŀǘŜΦ !ƴŀƭ .ƛƻŎƘŜƳΣ мффрΦ номόмύΥ ǇΦ мсп-фΦ 

млмΦ .ŜŀƭŜΣ {ΦLΦΣ .ƛƻǎƴȅǘƘŜǎƛǎ ƻŦ /ƘƭƻǊƻǇƘȅƭƭǎ ŀƴŘ IŜƳŜǎΣ ƛƴ ¢ƘŜ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǎƻǳǊŎŜōƻƻƪŜΣ 5Φ.Φ {ǘŜǊƴΣ 9ŘƛǘƻǊΦ 
нллфΣ 9ƭǎŜǾƛŜǊΦ ǇΦ тррΦ 

млнΦ 5ŜƘŜǎƘΣ YΦ ŀƴŘ aΦ wȅōŜǊƎΣ ¢ƘŜ b!5tI-ǇǊƻǘƻŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ƻȄƛŘƻǊŜŘǳŎǘŀǎŜ ƛǎ ǘƘŜ ƳŀƧƻǊ ǇǊƻǘŜƛƴ ŎƻƴǎǘƛǘǳŜƴǘ 
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ƻŦ ǇǊƻƭŀƳŜƭƭŀǊ ōƻŘƛŜǎ ƛƴ ǿƘŜŀǘ ό¢ǊƛǘƛŎǳƳ ŀŜǎǘƛǾǳƳ [ΦύΦ tƭŀƴǘŀΣ мфурΦ мспόоύΥ ǇΦ офс-фΦ 

млоΦ {ǳƴΣ ¸Φ ŀƴŘ ²Φ ½ŜǊƎŜǎΣ ¢Ǌŀƴǎƭŀǘƛƻƴŀƭ ǊŜƎǳƭŀǘƛƻƴ ƛƴ ŎƘƭƻǊƻǇƭŀǎǘǎ ŦƻǊ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ƘƻƳŜƻǎǘŀǎƛǎΦ .ƛƻŎƘƛƳ 
.ƛƻǇƘȅǎ !ŎǘŀΣ нлмрΦ муптόфύΥ ǇΦ улф-нлΦ 

млпΦ .ŀǊǘƘŜƭŜƳȅΣ ·ΦΣ Ŝǘ ŀƭΦΣ [ƻŎŀƭƛȊŀǘƛƻƴ ƻŦ b!5tI-ǇǊƻǘƻŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ǊŜŘǳŎǘŀǎŜ ƛƴ ǇƭŀǎǘƛŘǎ ƻŦ ōŀǊƭŜȅ ŀǘ ŘƛŦŦŜǊŜƴǘ 
ƎǊŜŜƴƛƴƎ ǎǘŀƎŜǎΦ tƘƻǘƻǎȅƴǘƘ wŜǎΣ нлллΦ спόмύΥ ǇΦ со-тсΦ 

млрΦ WƻȅŀǊŘΣ WΦΣ Ŝǘ ŀƭΦΣ 9ƴǾŜƭƻǇŜ ƳŜƳōǊŀƴŜǎ ŦǊƻƳ ƳŀǘǳǊŜ ǎǇƛƴŀŎƘ ŎƘƭƻǊƻǇƭŀǎǘǎ Ŏƻƴǘŀƛƴ ŀ 
b!5tIΥǇǊƻǘƻŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ǊŜŘǳŎǘŀǎŜ ƻƴ ǘƘŜ ŎȅǘƻǎƻƭƛŎ ǎƛŘŜ ƻŦ ǘƘŜ ƻǳǘŜǊ ƳŜƳōǊŀƴŜΦ W .ƛƻƭ /ƘŜƳΣ мффлΦ 
нсрόорύΥ ǇΦ нмунл-тΦ 

млсΦ !ǇŜƭΣ YΦΣ Ŝǘ ŀƭΦΣ ¢ƘŜ ǇǊƻǘƻŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ƘƻƭƻŎƘǊƻƳŜ ƻŦ ōŀǊƭŜȅ όIƻǊŘŜǳƳ ǾǳƭƎŀǊŜ [ΦύΦ Lǎƻƭŀǘƛƻƴ ŀƴŘ 
ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǘƘŜ b!5tIΥǇǊƻǘƻŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ƻȄƛŘƻǊŜŘǳŎǘŀǎŜΦ 9ǳǊ W .ƛƻŎƘŜƳΣ мфулΦ мммόмύΥ ǇΦ нрм-уΦ 

млтΦ /ƘƻǉǳŜǘΣ ¸ΦΣ Ŝǘ ŀƭΦΣ ! ŎƘƭƻǊƻǇƭŀǎǘ ƎŜƴŜ ƛǎ ǊŜǉǳƛǊŜŘ ŦƻǊ ǘƘŜ ƭƛƎƘǘ-ƛƴŘŜǇŜƴŘŜƴǘ ŀŎŎǳƳǳƭŀǘƛƻƴ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ƛƴ 
/ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ 9a.h WΣ мффнΦ ммόрύΥ ǇΦ мсфт-тлпΦ 

млуΦ DŀƻΣ ¸ΦΣ Ŝǘ ŀƭΦΣ !Ŏǘƛƻƴ ǎǇŜŎǘǊŀ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ŀ ōƛƻǎȅƴǘƘŜǎƛǎ ƛƴ ŎȅŀƴƻōŀŎǘŜǊƛŀΥ ŘŀǊƪ-ƻǇŜǊŀǘƛǾŜ 
ǇǊƻǘƻŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ƻȄƛŘƻǊŜŘǳŎǘŀǎŜ-ŘŜŦƛŎƛŜƴǘ ƳǳǘŀƴǘǎΦ ½ bŀǘǳǊŦƻǊǎŎƘ /Σ нллфΦ спόм-нύΥ ǇΦ ммт-нпΦ 

млфΦ /ŀƘƻƻƴΣ !Φ.Φ ŀƴŘ aΦtΦ ¢ƛƳƪƻΣ ȅŜƭƭƻǿ-ƛƴ-ǘƘŜ-ŘŀǊƪ Ƴǳǘŀƴǘǎ ƻŦ /ƘƭŀƳȅŘƻƳƻƴŀǎ ƭŀŎƪ ǘƘŜ /I[[ ǎǳōǳƴƛǘ ƻŦ 
ƭƛƎƘǘ-ƛƴŘŜǇŜƴŘŜƴǘ ǇǊƻǘƻŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ǊŜŘǳŎǘŀǎŜΦ tƭŀƴǘ /ŜƭƭΣ нлллΦ мнόпύΥ ǇΦ ррф-суΦ 

ммлΦ ¸ŀƳŀȊŀƪƛΣ {ΦΣ WΦ bƻƳŀǘŀΣ ŀƴŘ ¸Φ CǳƧƛǘŀΣ 5ƛŦŦŜǊŜƴǘƛŀƭ ƻǇŜǊŀǘƛƻƴ ƻŦ Řǳŀƭ ǇǊƻǘƻŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ǊŜŘǳŎǘŀǎŜǎ ŦƻǊ 
ŎƘƭƻǊƻǇƘȅƭƭ ōƛƻǎȅƴǘƘŜǎƛǎ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƻȄȅƎŜƴ ƭŜǾŜƭǎ ƛƴ ǘƘŜ ŎȅŀƴƻōŀŎǘŜǊƛǳƳ [ŜǇǘƻƭȅƴƎōȅŀ 
ōƻǊȅŀƴŀΦ tƭŀƴǘ tƘȅǎƛƻƭΣ нллсΦ мпнόоύΥ ǇΦ фмм-ннΦ 

мммΦ /ƭŀǊƪ CƻǊŘΣ {ΦaΦΣ ²Ŝƛ-ȅŜƘ ²ŀƴƎΣ /ƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ b!5tIΥ tǊƻǘƻŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ƻȄƛŘƻǊŜŘǳŎǘŀǎŜ ƛƴ ǘƘŜ ȅ-т 
ŀƴŘ ǇŎ-м ȅ-т Ƴǳǘŀƴǘǎ ƻŦ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ aƻƭŜŎǳƭŀǊ ŀƴŘ DŜƴŜǊŀƭ DŜƴŜǘƛŎǎ мфуоΦ мфнόм-нύΥ ǇΦ оΦ 

ммнΦ /ƭŀǊƪ CƻǊŘΣ ²Φ-ȅΦ²ΦΣ ¢ŜƳǇŜǊŀǘǳǊŜ-ǎŜƴǎƛǘƛǾŜ ȅŜƭƭƻǿ Ƴǳǘŀƴǘǎ ƻŦ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ aƻƭŜŎǳƭŀǊ ŀƴŘ 
DŜƴŜǊŀƭ DŜƴŜǘƛŎǎ мфулΦ мулόмύΥ ǇΦ сΦ 

ммоΦ bƻƳŀǘŀΣ WΦΣ Ŝǘ ŀƭΦΣ bƛǘǊƻƎŜƴŀǎŜ CŜ ǇǊƻǘŜƛƴ-ƭƛƪŜ CŜ-{ ŎƭǳǎǘŜǊ ƛǎ ŎƻƴǎŜǊǾŜŘ ƛƴ [-ǇǊƻǘŜƛƴ ό.ŎƘ[ύ ƻŦ ŘŀǊƪ-ƻǇŜǊŀǘƛǾŜ 
ǇǊƻǘƻŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ǊŜŘǳŎǘŀǎŜ ŦǊƻƳ wƘƻŘƻōŀŎǘŜǊ ŎŀǇǎǳƭŀǘǳǎΦ C9.{ [ŜǘǘΣ нллсΦ рулόнсύΥ ǇΦ смрм-пΦ 

ммпΦ .ŜŀƭŜΣ {ΦLΦΣ .ƛƻǎƴȅǘƘŜǎƛǎ ƻŦ /ƘƭƻǊƻǇƘȅƭƭǎ ŀƴŘ IŜƳŜǎΣ ƛƴ ¢ƘŜ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǎƻǳǊŎŜōƻƻƪŜΣ 5Φ.Φ {ǘŜǊƴΣ 9ŘƛǘƻǊΦ 
нллфΣ 9ƭǎŜǾƛŜǊΦ ǇΦ труΦ 

ммрΦ {ŎƘŅŦŜǊΣ {Φ{ΦŀΦ²ΦΣ ¢ŜǘǊŀƘȅŘǊƻƎŜǊŀƴȅƭƎŜǊŀƴƛƻƭΣ ŀ tǊŜŎǳǊǎƻǊ ƻŦ tƘȅǘƻƭ ƛƴ ǘƘŜ .ƛƻǎȅƴǘƘŜǎƛǎ ƻŦ /ƘƭƻǊƻǇƘȅƭƭ ŀ τ 
[ƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ǘƘŜ 5ƻǳōƭŜ .ƻƴŘǎΦ ½Φ bŀǘǳǊŦƻǊǎŎƘΣ мфтуΥ ǇΦ рΦ 

ммсΦ wǳŘƛƎŜǊΣ ²ΦΣ WΦ .ŜƴȊΣ ŀƴŘ /Φ DǳǘƘƻŦŦΣ 5ŜǘŜŎǘƛƻƴ ŀƴŘ ǇŀǊǘƛŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ŀŎǘƛǾƛǘȅ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ 
ǎȅƴǘƘŜǘŀǎŜ ƛƴ ŜǘƛƻǇƭŀǎǘ ƳŜƳōǊŀƴŜǎΦ 9ǳǊ W .ƛƻŎƘŜƳΣ мфулΦ млфόмύΥ ǇΦ мфо-нллΦ 

ммтΦ wǸŘƛƎŜǊΣ ²ΦΣ /ƘƭƻǊƻǇƘȅƭƭ {ȅƴǘƘŜǘŀǎŜ ŀƴŘ ƛǘǎ LƳǇƭƛŎŀǘƛƻƴ ŦƻǊ wŜƎǳƭŀǘƛƻƴ ƻŦ /ƘƭƻǊƻǇƘȅƭƭ .ƛƻǎȅƴǘƘŜǎƛǎΦ tǊƻƎǊŜǎǎ 
ƛƴ tƘƻǘƻǎȅƴǘƘŜǎƛǎ wŜǎŜŀǊŎƘΣ мфутΥ ǇΦ тΦ 

ммуΦ {ŎƘƴŜŜƎǳǊǘΣ aΦ!Φ ŀƴŘ {ΦLΦ .ŜŀƭŜΣ hǊƛƎƛƴ ƻŦ ǘƘŜ ŎƘƭƻǊƻǇƘȅƭƭ ō ŦƻǊƳȅƭ ƻȄȅƎŜƴ ƛƴ /ƘƭƻǊŜƭƭŀ ǾǳƭƎŀǊƛǎΦ 
.ƛƻŎƘŜƳƛǎǘǊȅΣ мффнΦ омόптύΥ ǇΦ ммстт-уоΦ 

ммфΦ tƻǊǊŀΣ wΦWΦΣ Ŝǘ ŀƭΦΣ 5ŜǊƛǾŀǘƛƻƴ ƻŦ ǘƘŜ ŦƻǊƳȅƭ-ƎǊƻǳǇ ƻȄȅƎŜƴ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ō ŦǊƻƳ ƳƻƭŜŎǳƭŀǊ ƻȄȅƎŜƴ ƛƴ 
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ƎǊŜŜƴƛƴƎ ƭŜŀǾŜǎ ƻŦ ŀ ƘƛƎƘŜǊ Ǉƭŀƴǘ ό½Ŝŀ ƳŀȅǎύΦ C9.{ [ŜǘǘΣ мффоΦ оноόм-нύΥ ǇΦ ом-пΦ 

мнлΦ ¢ŀƴŀƪŀΣ !ΦΣ Ŝǘ ŀƭΦΣ /ƘƭƻǊƻǇƘȅƭƭ ŀ ƻȄȅƎŜƴŀǎŜ ό/!hύ ƛǎ ƛƴǾƻƭǾŜŘ ƛƴ ŎƘƭƻǊƻǇƘȅƭƭ ō ŦƻǊƳŀǘƛƻƴ ŦǊƻƳ ŎƘƭƻǊƻǇƘȅƭƭ ŀΦ 
tǊƻŎ bŀǘƭ !ŎŀŘ {Ŏƛ ¦ { !Σ мффуΦ фрόнмύΥ ǇΦ мнтмф-ноΦ 

мнмΦ 9ǎǇƛƴŜŘŀΣ /Φ9ΦΣ Ŝǘ ŀƭΦΣ ¢ƘŜ !ǘ/!h ƎŜƴŜΣ ŜƴŎƻŘƛƴƎ ŎƘƭƻǊƻǇƘȅƭƭ ŀ ƻȄȅƎŜƴŀǎŜΣ ƛǎ ǊŜǉǳƛǊŜŘ ŦƻǊ ŎƘƭƻǊƻǇƘȅƭƭ ō 
ǎȅƴǘƘŜǎƛǎ ƛƴ !ǊŀōƛŘƻǇǎƛǎ ǘƘŀƭƛŀƴŀΦ tǊƻŎ bŀǘƭ !ŎŀŘ {Ŏƛ ¦ { !Σ мфффΦ фсόмуύΥ ǇΦ млрлт-ммΦ 

мннΦ wƻŎƘŀƛȄΣ WΦ5ΦΣ aΦ DƻƭŘǎŎƘƳƛŘǘ-/ƭŜǊƳƻƴǘΣ ŀƴŘ {Φ aŜǊŎƘŀƴǘΣ ¢ƘŜ ƳƻƭŜŎǳƭŀǊ ōƛƻƭƻƎȅ ƻŦ ŎƘƭƻǊƻǇƭŀǎǘǎ ŀƴŘ 
ƳƛǘƻŎƘƻƴŘǊƛŀ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎΦ !ŘǾŀƴŎŜǎ ƛƴ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎΦ мффуΣ 5ƻǊŘǊŜŎƘǘ Τ .ƻǎǘƻƴΥ YƭǳǿŜǊ !ŎŀŘŜƳƛŎ 
tǳōƭƛǎƘŜǊǎΦ ȄǾƛƛƛΣ тооΣ т ǇΦ ƻŦ ŎƻƭΦ ǇƭŀǘŜǎΦ 

мноΦ IƛǇǇƭŜǊΣ aΦΣ YΦ wŜŘŘƛƴƎΣ ŀƴŘ WΦ5Φ wƻŎƘŀƛȄΣ /ƘƭŀƳȅŘƻƳƻƴŀǎ ƎŜƴŜǘƛŎǎΣ ŀ ǘƻƻƭ ŦƻǊ ǘƘŜ ǎǘǳŘȅ ƻŦ ōƛƻŜƴŜǊƎŜǘƛŎ 
ǇŀǘƘǿŀȅǎΦ .ƛƻŎƘƛƳ .ƛƻǇƘȅǎ !ŎǘŀΣ мффуΦ мостόм-оύΥ ǇΦ м-снΦ 

мнпΦ bƛǎƘƛƳǳǊŀΣ ¸ΦΣ ¦ƴƛǇŀǊŜƴǘŀƭ ƛƴƘŜǊƛǘŀƴŎŜ ƻŦ ŎǇ5b! ŀƴŘ ǘƘŜ ƎŜƴŜǘƛŎ ŎƻƴǘǊƻƭ ƻŦ ǎŜȄǳŀƭ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴ ƛƴ 
/ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ W tƭŀƴǘ wŜǎΣ нлмлΦ мноόнύΥ ǇΦ мпф-снΦ 

мнрΦ bƛŎƘƻƭǎΣ DΦ[ΦŀΦ{ΦΣ tΦWΦΣ bƛǘǊŀǘŜ ǊŜŘǳŎǘŀǎŜ ŘŜŦƛŎƛŜƴǘ Ƴǳǘŀƴǘǎ ƻŦ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘƛƛΦ Φ WΦDŜƴΦaƛŎǊƻōƛƻƭΣ 
мфтуΦ млуόLǎƻƭŀǘƛƻƴ ŀƴŘ ƎŜƴŜǘƛŎǎύΥ ǇΦ тΦ 

мнсΦ wƻŎƘŀƛȄΣ WΦ5ΦΣ Ŝǘ ŀƭΦΣ bǳŎƭŜŀǊ ŀƴŘ ŎƘƭƻǊƻǇƭŀǎǘ Ƴǳǘŀǘƛƻƴǎ ŀŦŦŜŎǘ ǘƘŜ ǎȅƴǘƘŜǎƛǎ ƻǊ ǎǘŀōƛƭƛǘȅ ƻŦ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ 
Ǉǎō/ ƎŜƴŜ ǇǊƻŘǳŎǘ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ 9Ƴōƻ WΣ мфуфΦ уόпύΥ ǇΦ млмо-нмΦ 

мнтΦ YƛƳΣ 9ΦWΦ ŀƴŘ IΦ /ŜǊǳǘǘƛΣ ¢ŀǊƎŜǘŜŘ ƎŜƴŜ ǎƛƭŜƴŎƛƴƎ ōȅ wb! ƛƴǘŜǊŦŜǊŜƴŎŜ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎΦ aŜǘƘƻŘǎ /Ŝƭƭ 
.ƛƻƭΣ нллфΦ фоΥ ǇΦ фф-ммлΦ 

мнуΦ DƻƴȊŀƭŜȊ-.ŀƭƭŜǎǘŜǊΣ 5ΦΣ Ŝǘ ŀƭΦΣ wb!-{Ŝǉ !ƴŀƭȅǎƛǎ ƻŦ {ǳƭŦǳǊ-5ŜǇǊƛǾŜŘ /ƘƭŀƳȅŘƻƳƻƴŀǎ /Ŝƭƭǎ wŜǾŜŀƭǎ !ǎǇŜŎǘǎ ƻŦ 
!ŎŎƭƛƳŀǘƛƻƴ /ǊƛǘƛŎŀƭ ŦƻǊ /Ŝƭƭ {ǳǊǾƛǾŀƭΦ tƭŀƴǘ /ŜƭƭΣ нлмлΦ ннόсύΥ ǇΦ нлру-упΦ 

мнфΦ IǳΣ {Φ·ΦΣ YΦ²ΦYΦ [ŀǳΣ ŀƴŘ aΦ ²ǳΣ /ŀŘƳƛǳƳ ǎŜǉǳŜǎǘǊŀǘƛƻƴ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ tƭŀƴǘ {ŎƛŜƴŎŜΣ 
нллмΦ мсмόрύΥ ǇΦ фут-ффсΦ 

молΦ wǳōƛƴŜƭƭƛΣ tΦΣ Ŝǘ ŀƭΦΣ /ŀŘƳƛǳƳ- ŀƴŘ ƛǊƻƴ-ǎǘǊŜǎǎ-ƛƴŘǳŎƛōƭŜ ƎŜƴŜ ŜȄǇǊŜǎǎƛƻƴ ƛƴ ǘƘŜ ƎǊŜŜƴ ŀƭƎŀ /ƘƭŀƳȅŘƻƳƻƴŀǎ 
ǊŜƛƴƘŀǊŘǘƛƛΥ ŜǾƛŘŜƴŎŜ ŦƻǊ Iпо ǇǊƻǘŜƛƴ ŦǳƴŎǘƛƻƴ ƛƴ ƛǊƻƴ ŀǎǎƛƳƛƭŀǘƛƻƴΦ tƭŀƴǘŀΣ нллнΦ нмрόмύΥ ǇΦ м-моΦ 

момΦ IŀƴƛƪŜƴƴŜΣ aΦΣ Ŝǘ ŀƭΦΣ ! ŎƻƳǇŀǊŀǘƛǾŜ ƛƴǾŜƴǘƻǊȅ ƻŦ ƳŜǘŀƭ ǘǊŀƴǎǇƻǊǘŜǊǎ ƛƴ ǘƘŜ ƎǊŜŜƴ ŀƭƎŀ /ƘƭŀƳȅŘƻƳƻƴŀǎ 
ǊŜƛƴƘŀǊŘǘƛƛ ŀƴŘ ǘƘŜ ǊŜŘ ŀƭƎŀ /ȅŀƴƛŘƛƻǎŎƘƛȊƻƴ ƳŜǊƻƭŀŜΦ tƭŀƴǘ tƘȅǎƛƻƭΣ нллрΦ мотόнύΥ ǇΦ пну-псΦ 

монΦ DƛƭƭŜǘΣ {ΦΣ Ŝǘ ŀƭΦΣ /ŀŘƳƛǳƳ ǊŜǎǇƻƴǎŜ ŀƴŘ ǊŜŘƻȄƛƴ ǘŀǊƎŜǘǎ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΥ ŀ ǇǊƻǘŜƻƳƛŎ 
ŀǇǇǊƻŀŎƘΦ tƘƻǘƻǎȅƴǘƘ wŜǎΣ нллсΦ уфόн-оύΥ ǇΦ нлм-ммΦ 

мооΦ CǊŀƴŎƻƛǎΣ [ΦΣ /Φ CƻǊǘƛƴΣ ŀƴŘ tΦDΦ /ŀƳǇōŜƭƭΣ ǇI ƳƻŘǳƭŀǘŜǎ ǘǊŀƴǎǇƻǊǘ ǊŀǘŜǎ ƻŦ ƳŀƴƎŀƴŜǎŜ ŀƴŘ ŎŀŘƳƛǳƳ ƛƴ ǘƘŜ 
ƎǊŜŜƴ ŀƭƎŀ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛ ǘƘǊƻǳƎƘ ƴƻƴ-ŎƻƳǇŜǘƛǘƛǾŜ ƛƴǘŜǊŀŎǘƛƻƴǎΥ ƛƳǇƭƛŎŀǘƛƻƴǎ ŦƻǊ ŀƴ ŀƭƎŀƭ 
.[aΦ !ǉǳŀǘ ¢ƻȄƛŎƻƭΣ нллтΦ упόнύΥ ǇΦ мно-онΦ 

мопΦ aƛǘǘƭŜǊΣ wΦΣ hȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎΣ ŀƴǘƛƻȄƛŘŀƴǘǎ ŀƴŘ ǎǘǊŜǎǎ ǘƻƭŜǊŀƴŎŜΦ ¢ǊŜƴŘǎ tƭŀƴǘ {ŎƛΣ нллнΦ тόфύΥ ǇΦ плр-млΦ 

морΦ ¢ŀƪŀƘŀǎƘƛ {Σ aΦbΦΣ Iƻǿ Řƻ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎǘǊŜǎǎŜǎ ŀŎŎŜƭŜǊŀǘŜ ǇƘƻǘƻƛƴƘƛōƛǘƛƻƴΚ ¢ǊŜƴŘǎ tƭŀƴǘ {ŎƛΦΣ нллуΦ 
моόпύΥ ǇΦ рΦ 

мосΦ [ƛΣ ½ΦΣ WΦ ²ǳΣ ŀƴŘ /ΦWΦ 5ŜƭŜƻΣ wb! ŘŀƳŀƎŜ ŀƴŘ ǎǳǊǾŜƛƭƭŀƴŎŜ ǳƴŘŜǊ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎΦ L¦.a. [ƛŦŜΣ нллсΦ руόмлύΥ 
ǇΦ рум-уΦ 
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мотΦ CƻȅŜǊΣ /ΦIΦ ŀƴŘ DΦ bƻŎǘƻǊΣ wŜŘƻȄ ǊŜƎǳƭŀǘƛƻƴ ƛƴ ǇƘƻǘƻǎȅƴǘƘŜǘƛŎ ƻǊƎŀƴƛǎƳǎΥ ǎƛƎƴŀƭƛƴƎΣ ŀŎŎƭƛƳŀǘƛƻƴΣ ŀƴŘ 
ǇǊŀŎǘƛŎŀƭ ƛƳǇƭƛŎŀǘƛƻƴǎΦ !ƴǘƛƻȄƛŘ wŜŘƻȄ {ƛƎƴŀƭΣ нллфΦ ммόпύΥ ǇΦ усм-флрΦ 

моуΦ bŜǊƛΣ {ΦΣ Ŝǘ ŀƭΦΣ 9ŦŦŜŎǘǎ ƻŦ ŀƴǘƛƻȄƛŘŀƴǘǎ ƻƴ ǇƻǎǘǇǊŀƴŘƛŀƭ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎ ŀƴŘ ŜƴŘƻǘƘŜƭƛŀƭ ŘȅǎŦǳƴŎǘƛƻƴ ƛƴ 
ǎǳōƧŜŎǘǎ ǿƛǘƘ ƛƳǇŀƛǊŜŘ ƎƭǳŎƻǎŜ ǘƻƭŜǊŀƴŎŜ ŀƴŘ ǘȅǇŜ н ŘƛŀōŜǘŜǎΦ 9ǳǊ W bǳǘǊΣ нлмлΦ пфόтύΥ ǇΦ плф-мсΦ 

мофΦ aǳǊƛƪΣ hΦ ŀƴŘ !Φ YŀǇƭŀƴΣ tŀǊŀŘƻȄƛŎŀƭƭȅΣ ǇǊƛƻǊ ŀŎǉǳƛǎƛǘƛƻƴ ƻŦ ŀƴǘƛƻȄƛŘŀƴǘ ŀŎǘƛǾƛǘȅ ŜƴƘŀƴŎŜǎ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎ-
ƛƴŘǳŎŜŘ ŎŜƭƭ ŘŜŀǘƘΦ 9ƴǾƛǊƻƴ aƛŎǊƻōƛƻƭΣ нллфΦ ммόфύΥ ǇΦ нолм-фΦ 

мплΦ {ƘŀƴΣ ·ΦΣ IΦ ¢ŀǎƘƛǊƻΣ ŀƴŘ /Φ[Φ [ƛƴΣ ¢ƘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ŀƴŘ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ƻȄƛŘƛȊŜŘ wb!ǎ ƛƴ !ƭȊƘŜƛƳŜǊϥǎ 
ŘƛǎŜŀǎŜΦ W bŜǳǊƻǎŎƛΣ нллоΦ ноόмнύΥ ǇΦ пфмо-нмΦ 

мпмΦ {ƘŜƴΣ ½ΦΣ ²Φ ²ǳΣ ŀƴŘ {Φ[Φ IŀȊŜƴΣ !ŎǘƛǾŀǘŜŘ ƭŜǳƪƻŎȅǘŜǎ ƻȄƛŘŀǘƛǾŜƭȅ ŘŀƳŀƎŜ 5b!Σ wb!Σ ŀƴŘ ǘƘŜ ƴǳŎƭŜƻǘƛŘŜ 
Ǉƻƻƭ ǘƘǊƻǳƎƘ ƘŀƭƛŘŜ-ŘŜǇŜƴŘŜƴǘ ŦƻǊƳŀǘƛƻƴ ƻŦ ƘȅŘǊƻȄȅƭ ǊŀŘƛŎŀƭΦ .ƛƻŎƘŜƳƛǎǘǊȅΣ нлллΦ офόмуύΥ ǇΦ рптп-унΦ 

мпнΦ !ƳŜǎΣ .ΦbΦ ŀƴŘ [Φ{Φ DƻƭŘΣ 9ƴŘƻƎŜƴƻǳǎ ƳǳǘŀƎŜƴǎ ŀƴŘ ǘƘŜ ŎŀǳǎŜǎ ƻŦ ŀƎƛƴƎ ŀƴŘ ŎŀƴŎŜǊΦ aǳǘŀǘ wŜǎΣ мффмΦ 
нрлόм-нύΥ ǇΦ о-мсΦ 

мпоΦ [ƛΣ ½ΦΣ Ŝǘ ŀƭΦΣ .ŀǘǘƭŜ ŀƎŀƛƴǎǘ wb! ƻȄƛŘŀǘƛƻƴΥ ƳƻƭŜŎǳƭŀǊ ƳŜŎƘŀƴƛǎƳǎ ŦƻǊ ǊŜŘǳŎƛƴƎ ƻȄƛŘƛȊŜŘ wb! ǘƻ ǇǊƻǘŜŎǘ 
ŎŜƭƭǎΦ ²ƛƭŜȅ LƴǘŜǊŘƛǎŎƛǇ wŜǾ wb!Σ нлмпΦ рόоύΥ ǇΦ оор-псΦ 

мппΦ IƻŦŜǊΣ ¢ΦΣ Ŝǘ ŀƭΦΣ ! ƳŜǘƘƻŘ ǘƻ ŘŜǘŜǊƳƛƴŜ wb! ŀƴŘ 5b! ƻȄƛŘŀǘƛƻƴ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ōȅ It[/-9/5Υ ƎǊŜŀǘŜǊ wb! 
ǘƘŀƴ 5b! ƻȄƛŘŀǘƛƻƴ ƛƴ Ǌŀǘ ƭƛǾŜǊ ŀŦǘŜǊ ŘƻȄƻǊǳōƛŎƛƴ ŀŘƳƛƴƛǎǘǊŀǘƛƻƴΦ .ƛƻƭ /ƘŜƳΣ нллсΦ оутόмύΥ ǇΦ мло-ммΦ 

мпрΦ {ƘŀƴΣ ·Φ ŀƴŘ /Φ[Φ [ƛƴΣ vǳŀƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ƻȄƛŘƛȊŜŘ wb!ǎ ƛƴ !ƭȊƘŜƛƳŜǊϥǎ ŘƛǎŜŀǎŜΦ bŜǳǊƻōƛƻƭ !ƎƛƴƎΣ нллсΦ нтόрύΥ 
ǇΦ срт-снΦ 

мпсΦ .ŀȊƛƴΣ WΦΣ Ŝǘ ŀƭΦΣ ¢ŀǊƎŜǘŜŘ Ƴwb! ƻȄƛŘŀǘƛƻƴ ǊŜƎǳƭŀǘŜǎ ǎǳƴŦƭƻǿŜǊ ǎŜŜŘ ŘƻǊƳŀƴŎȅ ŀƭƭŜǾƛŀǘƛƻƴ ŘǳǊƛƴƎ ŘǊȅ ŀŦǘŜǊ-
ǊƛǇŜƴƛƴƎΦ tƭŀƴǘ /ŜƭƭΣ нлммΦ ноόсύΥ ǇΦ нмфс-нлуΦ 

мптΦ [ƛǳΣ aΦΣ Ŝǘ ŀƭΦΣ /ƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ wb! ŘŀƳŀƎŜ ǳƴŘŜǊ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎ ƛƴ 9ǎŎƘŜǊƛŎƘƛŀ ŎƻƭƛΦ .ƛƻƭ /ƘŜƳΣ нлмнΦ 
офоόоύΥ ǇΦ мно-онΦ 

мпуΦ ²ǳΣ WΦΣ Ŝǘ ŀƭΦΣ tƻƭȅƴǳŎƭŜƻǘƛŘŜ ǇƘƻǎǇƘƻǊȅƭŀǎŜ ǇǊƻǘŜŎǘǎ 9ǎŎƘŜǊƛŎƘƛŀ Ŏƻƭƛ ŀƎŀƛƴǎǘ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎΦ .ƛƻŎƘŜƳƛǎǘǊȅΣ 
нллфΦ пуόфύΥ ǇΦ нлмн-нлΦ 

мпфΦ /ƘŜƴΣ ·ΦΣ Ŝǘ ŀƭΦΣ !ƴ ƻǊǘƘƻƭƻƎ ƻŦ ǘƘŜ wƻ ŀǳǘƻŀƴǘƛƎŜƴ ŦǳƴŎǘƛƻƴǎ ƛƴ но{ Ǌwb! ƳŀǘǳǊŀǘƛƻƴ ƛƴ 5Φ ǊŀŘƛƻŘǳǊŀƴǎΦ 
DŜƴŜǎ 5ŜǾΣ нллтΦ нмόммύΥ ǇΦ мону-офΦ 

мрлΦ tƛǿƻǿŀǊǎƪƛΣ WΦΣ Ŝǘ ŀƭΦΣ IǳƳŀƴ ǇƻƭȅƴǳŎƭŜƻǘƛŘŜ ǇƘƻǎǇƘƻǊȅƭŀǎŜΣ ƘtbtŀǎŜΣ ƛǎ ƭƻŎŀƭƛȊŜŘ ƛƴ ƳƛǘƻŎƘƻƴŘǊƛŀΦ W aƻƭ 
.ƛƻƭΣ нллоΦ онфόрύΥ ǇΦ уро-тΦ 

мрмΦ ²ǳΣ WΦ ŀƴŘ ½Φ [ƛΣ IǳƳŀƴ ǇƻƭȅƴǳŎƭŜƻǘƛŘŜ ǇƘƻǎǇƘƻǊȅƭŀǎŜ ǊŜŘǳŎŜǎ ƻȄƛŘŀǘƛǾŜ wb! ŘŀƳŀƎŜ ŀƴŘ ǇǊƻǘŜŎǘǎ IŜ[ŀ 
ŎŜƭƭ ŀƎŀƛƴǎǘ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎΦ .ƛƻŎƘŜƳ .ƛƻǇƘȅǎ wŜǎ /ƻƳƳǳƴΣ нллуΦ отнόнύΥ ǇΦ нуу-фнΦ 

мрнΦ IŀȅŀƪŀǿŀΣ IΦΣ Ŝǘ ŀƭΦΣ .ƛƴŘƛƴƎ ŎŀǇŀŎƛǘȅ ƻŦ ƘǳƳŀƴ ¸.-м ǇǊƻǘŜƛƴ ŦƻǊ wb! ŎƻƴǘŀƛƴƛƴƎ у-ƻȄƻƎǳŀƴƛƴŜΦ 
.ƛƻŎƘŜƳƛǎǘǊȅΣ нллнΦ пмόпнύΥ ǇΦ мнтоф-ппΦ 

мроΦ IŀȅŀƪŀǿŀΣ IΦΣ Ŝǘ ŀƭΦΣ IǳƳŀƴ ǇǊƻǘŜƛƴǎ ǘƘŀǘ ǎǇŜŎƛŦƛŎŀƭƭȅ ōƛƴŘ ǘƻ у-ƻȄƻƎǳŀƴƛƴŜ-ŎƻƴǘŀƛƴƛƴƎ wb! ŀƴŘ ǘƘŜƛǊ 
ǊŜǎǇƻƴǎŜǎ ǘƻ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎΦ .ƛƻŎƘŜƳƛŎŀƭ ŀƴŘ .ƛƻǇƘȅǎƛŎŀƭ wŜǎŜŀǊŎƘ /ƻƳƳǳƴƛŎŀǘƛƻƴǎΣ нлмлΦ плоόнύΥ ǇΦ 
ннл-ннпΦ 

мрпΦ /ƘŜƴΣ ·ΦDΦΣ !ΦaΦ vǳƛƴƴΣ ŀƴŘ {Φ[Φ ²ƻƭƛƴΣ wƻ ǊƛōƻƴǳŎƭŜƻǇǊƻǘŜƛƴǎ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ ǊŜǎƛǎǘŀƴŎŜ ƻŦ 5ŜƛƴƻŎƻŎŎǳǎ 
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ǊŀŘƛƻŘǳǊŀƴǎ ǘƻ ǳƭǘǊŀǾƛƻƭŜǘ ƛǊǊŀŘƛŀǘƛƻƴΦ DŜƴŜǎ ϧ 5ŜǾŜƭƻǇƳŜƴǘΣ нлллΦ мпόтύΥ ǇΦ ттт-тунΦ 

мррΦ ²ǳǊǘƳŀƴƴΣ 9ΦWΦ ŀƴŘ {Φ[Φ ²ƻƭƛƴΣ wb! ǳƴŘŜǊ ŀǘǘŀŎƪΥ ŎŜƭƭǳƭŀǊ ƘŀƴŘƭƛƴƎ ƻŦ wb! ŘŀƳŀƎŜΦ /Ǌƛǘ wŜǾ .ƛƻŎƘŜƳ aƻƭ 
.ƛƻƭΣ нллфΦ ппόмύΥ ǇΦ оп-пфΦ 

мрсΦ CƻǊǘƛƴƛΣ tΦΣ Ŝǘ ŀƭΦΣ у-hȄƻƎǳŀƴƛƴŜ 5b! ŘŀƳŀƎŜΥ ŀǘ ǘƘŜ ŎǊƻǎǎǊƻŀŘ ƻŦ ŀƭǘŜǊƴŀǘƛǾŜ ǊŜǇŀƛǊ ǇŀǘƘǿŀȅǎΦ aǳǘŀǘ wŜǎΣ 
нллоΦ ромόм-нύΥ ǇΦ мнт-офΦ 

мртΦ ±ŀǎŎƻǘǘƻΣ /ΦΣ Ŝǘ ŀƭΦΣ !t9мκwŜŦ-м ƛƴǘŜǊŀŎǘǎ ǿƛǘƘ btaм ǿƛǘƘƛƴ ƴǳŎƭŜƻƭƛ ŀƴŘ Ǉƭŀȅǎ ŀ ǊƻƭŜ ƛƴ ǘƘŜ Ǌwb! ǉǳŀƭƛǘȅ 
ŎƻƴǘǊƻƭ ǇǊƻŎŜǎǎΦ aƻƭ /Ŝƭƭ .ƛƻƭΣ нллфΦ нфόтύΥ ǇΦ муоп-рпΦ 

мруΦ LǘƻΣ wΦΣ Ŝǘ ŀƭΦΣ aǳƭǘƛǇƭŜ ŜƴȊȅƳŜ ŀŎǘƛǾƛǘƛŜǎ ƻŦ 9ǎŎƘŜǊƛŎƘƛŀ Ŏƻƭƛ aǳǘ¢ ǇǊƻǘŜƛƴ ŦƻǊ ǎŀƴƛǘƛȊŀǘƛƻƴ ƻŦ 5b! ŀƴŘ wb! 
ǇǊŜŎǳǊǎƻǊ ǇƻƻƭǎΦ .ƛƻŎƘŜƳƛǎǘǊȅΣ нллрΦ ппόмтύΥ ǇΦ сстл-пΦ 

мрфΦ ¢ŀŘŘŜƛΣ CΦΣ Ŝǘ ŀƭΦΣ /ƻǳƴǘŜǊŀŎǘƛƻƴ ōȅ aǳǘ¢ ǇǊƻǘŜƛƴ ƻŦ ǘǊŀƴǎŎǊƛǇǘƛƻƴŀƭ ŜǊǊƻǊǎ ŎŀǳǎŜŘ ōȅ ƻȄƛŘŀǘƛǾŜ ŘŀƳŀƎŜΦ 
{ŎƛŜƴŎŜΣ мффтΦ нтуόроорύΥ ǇΦ мну-олΦ 

мслΦ !ƴŘŜǊǎƻƴΣ tΦ ŀƴŘ bΦ YŜŘŜǊǎƘŀΣ {ǘǊŜǎǎ ƎǊŀƴǳƭŜǎΥ ǘƘŜ ¢ŀƻ ƻŦ wb! ǘǊƛŀƎŜΦ ¢ǊŜƴŘǎ .ƛƻŎƘŜƳ {ŎƛΣ нллуΦ 

мсмΦ LǎƘƛƛΣ ¢ΦΣ Ŝǘ ŀƭΦΣ wƻƭŜ ƻŦ !ǳŦм ƛƴ ŜƭƛƳƛƴŀǘƛƻƴ ƻŦ ƻȄƛŘŀǘƛǾŜƭȅ ŘŀƳŀƎŜŘ ƳŜǎǎŜƴƎŜǊ wb! ƛƴ ƘǳƳŀƴ ŎŜƭƭǎΦ CǊŜŜ 
wŀŘƛŎ .ƛƻƭ aŜŘΣ нлмрΦ тфΥ ǇΦ млф-мсΦ 

мснΦ tŀǊƪŜǊΣ wΦ ŀƴŘ ¦Φ {ƘŜǘƘΣ t ōƻŘƛŜǎ ŀƴŘ ǘƘŜ ŎƻƴǘǊƻƭ ƻŦ Ƴwb! ǘǊŀƴǎƭŀǘƛƻƴ ŀƴŘ ŘŜƎǊŀŘŀǘƛƻƴΦ aƻƭ /ŜƭƭΣ нллтΦ 
нрόрύΥ ǇΦ сор-псΦ 

мсоΦ aƛǘŎƘŜƭƭΣ {ΦCΦ ŀƴŘ wΦ tŀǊƪŜǊΣ tǊƛƴŎƛǇƭŜǎ ŀƴŘ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ŜǳƪŀǊȅƻǘƛŎ ƳwbtǎΦ aƻƭ /ŜƭƭΣ нлмпΦ рпόпύΥ ǇΦ рпт-руΦ 

мспΦ .ǊŜƴƎǳŜǎΣ aΦΣ 5Φ ¢ŜƛȄŜƛǊŀΣ ŀƴŘ wΦ tŀǊƪŜǊΣ aƻǾŜƳŜƴǘ ƻŦ ŜǳƪŀǊȅƻǘƛŎ Ƴwb!ǎ ōŜǘǿŜŜƴ ǇƻƭȅǎƻƳŜǎ ŀƴŘ 
ŎȅǘƻǇƭŀǎƳƛŎ ǇǊƻŎŜǎǎƛƴƎ ōƻŘƛŜǎΦ {ŎƛŜƴŎŜΣ нллрΦ омлόртптύΥ ǇΦ пус-пуфΦ 

мсрΦ .ƘŀǘǘŀŎƘŀǊȅȅŀΣ {ΦbΦΣ Ŝǘ ŀƭΦΣ {ǘǊŜǎǎ-ƛƴŘǳŎŜŘ ǊŜǾŜǊǎŀƭ ƻŦ ƳƛŎǊƻwb! ǊŜǇǊŜǎǎƛƻƴ ŀƴŘ Ƴwb! t-ōƻŘȅ ƭƻŎŀƭƛȊŀǘƛƻƴ 
ƛƴ ƘǳƳŀƴ ŎŜƭƭǎΦ /ƻƭŘ {ǇǊƛƴƎ IŀǊōƻǊ {ȅƳǇƻǎƛŀ ƻƴ vǳŀƴǘƛǘŀǘƛǾŜ .ƛƻƭƻƎȅΣ нллсΦ тмΥ ǇΦ рмо-рнмΦ 

мссΦ .ǳŎƘŀƴΣ WΦwΦ ŀƴŘ wΦ tŀǊƪŜǊΣ 9ǳƪŀǊȅƻǘƛŎ {ǘǊŜǎǎ DǊŀƴǳƭŜǎΥ ¢ƘŜ Lƴǎ ŀƴŘ hǳǘǎ ƻŦ ¢ǊŀƴǎƭŀǘƛƻƴΦ aƻƭŜŎǳƭŀǊ /ŜƭƭΣ 
нллфΦ осόсύΥ ǇΦ фон-фпмΦ 

мстΦ YŜŘŜǊǎƘŀΣ bΦΣ Ŝǘ ŀƭΦΣ {ǘǊŜǎǎ ƎǊŀƴǳƭŜǎ ŀƴŘ ǇǊƻŎŜǎǎƛƴƎ ōƻŘƛŜǎ ŀǊŜ ŘȅƴŀƳƛŎŀƭƭȅ ƭƛƴƪŜŘ ǎƛǘŜǎ ƻŦ Ƴwbt 
ǊŜƳƻŘŜƭƛƴƎΦ W /Ŝƭƭ .ƛƻƭΣ нллрΦ мсфόсύΥ ǇΦ утм-упΦ 

мсуΦ .ǳŎƘŀƴΣ WΦwΦΣ Ƴwbt ƎǊŀƴǳƭŜǎΦ !ǎǎŜƳōƭȅΣ ŦǳƴŎǘƛƻƴΣ ŀƴŘ ŎƻƴƴŜŎǘƛƻƴǎ ǿƛǘƘ ŘƛǎŜŀǎŜΦ wb! .ƛƻƭΣ нлмпΦ ммόуύΥ ǇΦ 
млмф-олΦ 

мсфΦ YŜŘŜǊǎƘŀΣ bΦΣ Ŝǘ ŀƭΦΣ 5ȅƴŀƳƛŎ ǎƘǳǘǘƭƛƴƎ ƻŦ ¢L!-м ŀŎŎƻƳǇŀƴƛŜǎ ǘƘŜ ǊŜŎǊǳƛǘƳŜƴǘ ƻŦ Ƴwb! ǘƻ ƳŀƳƳŀƭƛŀƴ 
ǎǘǊŜǎǎ ƎǊŀƴǳƭŜǎΦ W /Ŝƭƭ .ƛƻƭΣ нлллΦ мрмόсύΥ ǇΦ мнрт-суΦ 

мтлΦ aŀȊǊƻǳƛΣ wΦΣ Ŝǘ ŀƭΦΣ LƴƘƛōƛǘƛƻƴ ƻŦ ǘƘŜ ǳōƛǉǳƛǘƛƴ-ǇǊƻǘŜŀǎƻƳŜ ǎȅǎǘŜƳ ƛƴŘǳŎŜǎ ǎǘǊŜǎǎ ƎǊŀƴǳƭŜ ŦƻǊƳŀǘƛƻƴΦ aƻƭ 
.ƛƻƭ /ŜƭƭΣ нллтΦ муόтύΥ ǇΦ нсло-муΦ 

мтмΦ ¦ǇŘƛƪŜΣ 5Φ[Φ ŀƴŘ {Φ {ǘǊƻƳŜΣ ! ƎŜƴƻƳŜǿƛŘŜ wb!ƛ ǎŎǊŜŜƴ ŦƻǊ ƎŜƴŜǎ ǘƘŀǘ ŀŦŦŜŎǘ ǘƘŜ ǎǘŀōƛƭƛǘȅΣ ŘƛǎǘǊƛōǳǘƛƻƴ ŀƴŘ 
ŦǳƴŎǘƛƻƴ ƻŦ t ƎǊŀƴǳƭŜǎ ƛƴ /ŀŜƴƻǊƘŀōŘƛǘƛǎ ŜƭŜƎŀƴǎΦ DŜƴŜǘƛŎǎΣ нллфΦ муоόпύΥ ǇΦ мофт-пмфΦ 

мтнΦ .ǳŎƘŀƴΣ WΦwΦΣ Ŝǘ ŀƭΦΣ 9ǳƪŀǊȅƻǘƛŎ ǎǘǊŜǎǎ ƎǊŀƴǳƭŜǎ ŀǊŜ ŎƭŜŀǊŜŘ ōȅ ŀǳǘƻǇƘŀƎȅ ŀƴŘ /ŘŎпуκ±/t ŦǳƴŎǘƛƻƴΦ /ŜƭƭΣ 
нлмоΦ мроόтύΥ ǇΦ мпсм-тпΦ 



130 

мтоΦ ½ƘŀƻΣ ¸ΦΣ 9Φ ¢ƛŀƴΣ ŀƴŘ IΦ ½ƘŀƴƎΣ {ŜƭŜŎǘƛǾŜ ŀǳǘƻǇƘŀƎƛŎ ŘŜƎǊŀŘŀǘƛƻƴ ƻŦ ƳŀǘŜǊƴŀƭƭȅ-ƭƻŀŘŜŘ ƎŜǊƳƭƛƴŜ t ƎǊŀƴǳƭŜ 
ŎƻƳǇƻƴŜƴǘǎ ƛƴ ǎƻƳŀǘƛŎ ŎŜƭƭǎ ŘǳǊƛƴƎ /Φ ŜƭŜƎŀƴǎ ŜƳōǊȅƻƎŜƴŜǎƛǎΦ !ǳǘƻǇƘŀƎȅΣ нллфΦ рόрύΥ ǇΦ тмт-фΦ 

мтпΦ YŜŘŜǊǎƘŀΣ bΦ[ΦΣ Ŝǘ ŀƭΦΣ wb!-ōƛƴŘƛƴƎ ǇǊƻǘŜƛƴǎ ¢L!-м ŀƴŘ ¢L!w ƭƛƴƪ ǘƘŜ ǇƘƻǎǇƘƻǊȅƭŀǘƛƻƴ ƻŦ ŜLC-н ŀƭǇƘŀ ǘƻ ǘƘŜ 
ŀǎǎŜƳōƭȅ ƻŦ ƳŀƳƳŀƭƛŀƴ ǎǘǊŜǎǎ ƎǊŀƴǳƭŜǎΦ W /Ŝƭƭ .ƛƻƭΣ мфффΦ мптόтύΥ ǇΦ мпом-пнΦ 

мтрΦ !ǊƛƳƻǘƻΣ YΦΣ Ŝǘ ŀƭΦΣ CƻǊƳŀǘƛƻƴ ƻŦ ǎǘǊŜǎǎ ƎǊŀƴǳƭŜǎ ƛƴƘƛōƛǘǎ ŀǇƻǇǘƻǎƛǎ ōȅ ǎǳǇǇǊŜǎǎƛƴƎ ǎǘǊŜǎǎ-ǊŜǎǇƻƴǎƛǾŜ a!tY 
ǇŀǘƘǿŀȅǎΦ bŀǘ /Ŝƭƭ .ƛƻƭΣ нллуΦ млόммύΥ ǇΦ монп-онΦ 

мтсΦ YƛƳΣ ²ΦWΦΣ Ŝǘ ŀƭΦΣ {ŜǉǳŜǎǘǊŀǘƛƻƴ ƻŦ ¢w!Cн ƛƴǘƻ ǎǘǊŜǎǎ ƎǊŀƴǳƭŜǎ ƛƴǘŜǊǊǳǇǘǎ ǘǳƳƻǊ ƴŜŎǊƻǎƛǎ ŦŀŎǘƻǊ ǎƛƎƴŀƭƛƴƎ 
ǳƴŘŜǊ ǎǘǊŜǎǎ ŎƻƴŘƛǘƛƻƴǎΦ aƻƭ /Ŝƭƭ .ƛƻƭΣ нллрΦ нрόсύΥ ǇΦ нпрл-снΦ 

мттΦ DƻǿǊƛǎƘŀƴƪŀǊΣ DΦΣ Ŝǘ ŀƭΦΣ LƴƘƛōƛǘƛƻƴ ƻŦ Ƴwb! ŘŜŀŘŜƴȅƭŀǘƛƻƴ ŀƴŘ ŘŜƎǊŀŘŀǘƛƻƴ ōȅ ŘƛŦŦŜǊŜƴǘ ǘȅǇŜǎ ƻŦ ŎŜƭƭ 
ǎǘǊŜǎǎΦ .ƛƻƭ /ƘŜƳΣ нллсΦ оутόоύΥ ǇΦ оно-тΦ 

мтуΦ {ƴŜŜΣ aΦWΦ ŀƴŘ tΦaΦ aŀŎŘƻƴŀƭŘΣ [ƛǾŜ ƛƳŀƎƛƴƎ ƻŦ ƴǳŀƎŜ ŀƴŘ ǇƻƭŀǊ ƎǊŀƴǳƭŜǎΥ ŜǾƛŘŜƴŎŜ ŀƎŀƛƴǎǘ ŀ ǇǊŜŎǳǊǎƻǊ-
ǇǊƻŘǳŎǘ ǊŜƭŀǘƛƻƴǎƘƛǇ ŀƴŘ ŀ ƴƻǾŜƭ ǊƻƭŜ ŦƻǊ hǎƪŀǊ ƛƴ ǎǘŀōƛƭƛȊŀǘƛƻƴ ƻŦ ǇƻƭŀǊ ƎǊŀƴǳƭŜ ŎƻƳǇƻƴŜƴǘǎΦ W /Ŝƭƭ {ŎƛΣ 
нллпΦ ммтόtǘ млύΥ ǇΦ нмлф-нлΦ 

мтфΦ Ǿŀƴ 5ƛƧƪΣ 9ΦΣ Ŝǘ ŀƭΦΣ IǳƳŀƴ 5ŎǇнΥ ŀ ŎŀǘŀƭȅǘƛŎŀƭƭȅ ŀŎǘƛǾŜ Ƴwb! ŘŜŎŀǇǇƛƴƎ ŜƴȊȅƳŜ ƭƻŎŀǘŜŘ ƛƴ ǎǇŜŎƛŦƛŎ 
ŎȅǘƻǇƭŀǎƳƛŎ ǎǘǊǳŎǘǳǊŜǎΦ 9a.h WΣ нллнΦ нмόнпύΥ ǇΦ сфмр-нпΦ 

мулΦ LƴƎŜƭŦƛƴƎŜǊΣ 5ΦΣ Ŝǘ ŀƭΦΣ ¢ƘŜ ƘǳƳŀƴ [{Ƴм-т ǇǊƻǘŜƛƴǎ ŎƻƭƻŎŀƭƛȊŜ ǿƛǘƘ ǘƘŜ Ƴwb!-ŘŜƎǊŀŘƛƴƎ ŜƴȊȅƳŜǎ 5ŎǇмκн 
ŀƴŘ ·Ǌƴƭ ƛƴ ŘƛǎǘƛƴŎǘ ŎȅǘƻǇƭŀǎƳƛŎ ŦƻŎƛΦ wb!Σ нллнΦ уόмнύΥ ǇΦ мпуф-рлмΦ 

мумΦ [ȅƪƪŜ-!ƴŘŜǊǎŜƴΣ WΦΣ LŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ŀ ƘǳƳŀƴ ŘŜŎŀǇǇƛƴƎ ŎƻƳǇƭŜȄ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ Ƙ¦ǇŦ ǇǊƻǘŜƛƴǎ ƛƴ 
ƴƻƴǎŜƴǎŜ-ƳŜŘƛŀǘŜŘ ŘŜŎŀȅΦ aƻƭ /Ŝƭƭ .ƛƻƭΣ нллнΦ ннόноύΥ ǇΦ уммп-нмΦ 

мунΦ YǎƘƛǊǎŀƎŀǊΣ aΦ ŀƴŘ wΦ tŀǊƪŜǊΣ LŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ 9ŘŎоǇ ŀǎ ŀƴ ŜƴƘŀƴŎŜǊ ƻŦ Ƴwb! ŘŜŎŀǇǇƛƴƎ ƛƴ {ŀŎŎƘŀǊƻƳȅŎŜǎ 
ŎŜǊŜǾƛǎƛŀŜΦ DŜƴŜǘƛŎǎΣ нллпΦ мссόнύΥ ǇΦ тнф-офΦ 

муоΦ ²ƛƭŎȊȅƴǎƪŀΣ !ΦΣ Ŝǘ ŀƭΦΣ ¢ƘŜ ǘǊŀƴǎƭŀǘƛƻƴŀƭ ǊŜƎǳƭŀǘƻǊ /t9.м ǇǊƻǾƛŘŜǎ ŀ ƭƛƴƪ ōŜǘǿŜŜƴ ŘŎǇм ōƻŘƛŜǎ ŀƴŘ ǎǘǊŜǎǎ 
ƎǊŀƴǳƭŜǎΦ W /Ŝƭƭ {ŎƛΣ нллрΦ ммуόtǘ рύΥ ǇΦ фум-фнΦ 

мупΦ aŜƘǘŀΣ wΦ!ΦΣ Ŝǘ ŀƭΦΣ hȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎ ŎŀǳǎŜǎ ǊŀǇƛŘ ƳŜƳōǊŀƴŜ ǘǊŀƴǎƭƻŎŀǘƛƻƴ ŀƴŘ ƛƴ ǾƛǾƻ ŘŜƎǊŀŘŀǘƛƻƴ ƻŦ 
ǊƛōǳƭƻǎŜ-мΣр-ōƛǎǇƘƻǎǇƘŀǘŜ ŎŀǊōƻȄȅƭŀǎŜκƻȄȅƎŜƴŀǎŜΦ W .ƛƻƭ /ƘŜƳΣ мффнΦ нстόпύΥ ǇΦ нумл-сΦ 

мурΦ /ƻƘŜƴΣ LΦΣ ¸Φ {ŀǇƛǊΣ ŀƴŘ aΦ {ƘŀǇƛǊŀΣ ! ŎƻƴǎŜǊǾŜŘ ƳŜŎƘŀƴƛǎƳ ŎƻƴǘǊƻƭǎ ǘǊŀƴǎƭŀǘƛƻƴ ƻŦ wǳōƛǎŎƻ ƭŀǊƎŜ ǎǳōǳƴƛǘ ƛƴ 
ŘƛŦŦŜǊŜƴǘ ǇƘƻǘƻǎȅƴǘƘŜǘƛŎ ƻǊƎŀƴƛǎƳǎΦ tƭŀƴǘ tƘȅǎƛƻƭΣ нллсΦ мпмόоύΥ ǇΦ млуф-фтΦ 

мусΦ YƴƻǇŦΣ WΦ!Φ ŀƴŘ aΦ {ƘŀǇƛǊŀΣ 5ŜƎǊŀŘŀǘƛƻƴ ƻŦ wǳōƛǎŎƻ {{¦ ŘǳǊƛƴƎ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎ ǘǊƛƎƎŜǊǎ ŀƎƎǊŜƎŀǘƛƻƴ ƻŦ 
wǳōƛǎŎƻ ǇŀǊǘƛŎƭŜǎ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ tƭŀƴǘŀΣ нллрΦ нннόрύΥ ǇΦ тут-фоΦ 

мутΦ /ƻƘŜƴΣ LΦΣ Ŝǘ ŀƭΦΣ ! ǇǊƻǇƻǎŜŘ ƳŜŎƘŀƴƛǎƳ ŦƻǊ ǘƘŜ ƛƴƘƛōƛǘƻǊȅ ŜŦŦŜŎǘǎ ƻŦ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎ ƻƴ wǳōƛǎŎƻ ŀǎǎŜƳōƭȅ 
ŀƴŘ ƛǘǎ ǎǳōǳƴƛǘ ŜȄǇǊŜǎǎƛƻƴΦ tƭŀƴǘ tƘȅǎƛƻƭΣ нллрΦ мотόнύΥ ǇΦ тоу-псΦ 

мууΦ aƻǊŜƛǊŀΣ tΦLΦΣ Ŝǘ ŀƭΦΣ bǳŎƭŜƛŎ ŀŎƛŘ ƻȄƛŘŀǘƛƻƴ ƛƴ !ƭȊƘŜƛƳŜǊ ŘƛǎŜŀǎŜΦ CǊŜŜ wŀŘƛŎ .ƛƻƭ aŜŘΣ нллуΦ ппόуύΥ ǇΦ мпфо-
рлрΦ 

муфΦ IƻƭƳǎǘǊƻƳΣ YΦaΦ ŀƴŘ ¢Φ CƛƴƪŜƭΣ /ŜƭƭǳƭŀǊ ƳŜŎƘŀƴƛǎƳǎ ŀƴŘ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ ǊŜŘƻȄ-ŘŜǇŜƴŘŜƴǘ 
ǎƛƎƴŀƭƭƛƴƎΦ bŀǘ wŜǾ aƻƭ /Ŝƭƭ .ƛƻƭΣ нлмпΦ мрόсύΥ ǇΦ пмм-пнмΦ 

мфлΦ /ŀŘŜǘΣ WΦΣ ¢Φ 5ƻǳƪƛΣ ŀƴŘ WΦ[Φ wŀǾŀƴŀǘΣ hȄƛŘŀǘƛǾŜƭȅ ƎŜƴŜǊŀǘŜŘ ōŀǎŜ ŘŀƳŀƎŜ ǘƻ ŎŜƭƭǳƭŀǊ 5b!Φ CǊŜŜ wŀŘƛŎ .ƛƻƭ 



131 

aŜŘΣ нлмлΦ пфόмύΥ ǇΦ ф-нмΦ 

мфмΦ ²ǳǊǘƳŀƴƴΣ 9ΦWΦ ŀƴŘ {ŀƴŘǊŀ [Φ ²ƻƭƛƴΣ wb! ǳƴŘŜǊ ŀǘǘŀŎƪΥ /ŜƭƭǳƭŀǊ ƘŀƴŘƭƛƴƎ ƻŦ wb! ŘŀƳŀƎŜΦ /ǊƛǘƛŎŀƭ wŜǾƛŜǿǎ 
ƛƴ .ƛƻŎƘŜƳƛǎǘǊȅ ŀƴŘ aƻƭŜŎǳƭŀǊ .ƛƻƭƻƎȅΣ нллфΦ ппόмύΥ ǇΦ оп-пфΦ 

мфнΦ ¢ƘƻƳŀǎΣ aΦDΦΣ Ŝǘ ŀƭΦΣ wb! ƎǊŀƴǳƭŜǎΥ ¢ƘŜ ƎƻƻŘΣ ǘƘŜ ōŀŘ ŀƴŘ ǘƘŜ ǳƎƭȅΦ /ŜƭƭǳƭŀǊ {ƛƎƴŀƭƭƛƴƎΣ нлммΦ ноόнύΥ ǇΦ 
онп-оопΦ 

мфоΦ !ǇŜƭΣ YΦ ŀƴŘ IΦ IƛǊǘΣ wŜŀŎǘƛǾŜ ƻȄȅƎŜƴ ǎǇŜŎƛŜǎΥ ƳŜǘŀōƻƭƛǎƳΣ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎΣ ŀƴŘ ǎƛƎƴŀƭ ǘǊŀƴǎŘǳŎǘƛƻƴΦ !ƴƴǳ 
wŜǾ tƭŀƴǘ .ƛƻƭΣ нллпΦ ррΥ ǇΦ ото-ффΦ 

мфпΦ {ƛŜǎΣ IΦΣ hȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎΥ ƻȄƛŘŀƴǘǎ ŀƴŘ ŀƴǘƛƻȄƛŘŀƴǘǎΦ 9ȄǇ tƘȅǎƛƻƭΣ мффтΦ унόнύΥ ǇΦ нфм-рΦ 

мфрΦ aƛŎƘŀŜƭΣ wΦΣ [Φ aŎYŀȅΣ ŀƴŘ {ΦtΦ DƛōōǎΣ /ƻƳǇƻǎƛǘƛƻƴ ŀƴŘ ŦǳƴŎǘƛƻƴ ƻŦ ǇȅǊŜƴƻƛŘǎΥ ŎȅǘƻŎƘŜƳƛŎŀƭ ŀƴŘ 
ƛƳƳǳƴƻŎȅǘƻŎƘŜƳƛŎŀƭ ŀǇǇǊƻŀŎƘŜǎΦ /ŀƴŀŘƛŀƴ WƻǳǊƴŀƭ ƻŦ .ƻǘŀƴȅΣ мффмΦ сфόрύΥ ǇΦ млпл-млрнΦ 

мфсΦ 5ŜƴǘΣ wΦaΦΣ Ŝǘ ŀƭΦΣ CǳƴŎǘƛƻƴŀƭ ƎŜƴƻƳƛŎǎ ƻŦ ŜǳƪŀǊȅƻǘƛŎ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ǳǎƛƴƎ ƛƴǎŜǊǘƛƻƴŀƭ ƳǳǘŀƎŜƴŜǎƛǎ ƻŦ 
/ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ tƭŀƴǘ tƘȅǎƛƻƭΣ нллрΦ мотόнύΥ ǇΦ рпр-рсΦ 

мфтΦ WƻƘƴǎƻƴΣ ·ΦΣ aŀƴƛǇǳƭŀǘƛƴƎ wǳ.ƛǎ/h ŀŎŎǳƳǳƭŀǘƛƻƴ ƛƴ ǘƘŜ ƎǊŜŜƴ ŀƭƎŀΣ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ tƭŀƴǘ 
aƻƭŜŎǳƭŀǊ .ƛƻƭƻƎȅΣ нлммΦ тсόо-рύΥ ǇΦ офт-плрΦ 

мфуΦ DƻǊƳŀƴΣ 5Φ{Φ ŀƴŘ wΦtΦ [ŜǾƛƴŜΣ /ȅǘƻŎƘǊƻƳŜ Ŧ ŀƴŘ ǇƭŀǎǘƻŎȅŀƴƛƴΥ ǘƘŜƛǊ ǎŜǉǳŜƴŎŜ ƛƴ ǘƘŜ ǇƘƻǘƻǎȅƴǘƘŜǘƛŎ 
ŜƭŜŎǘǊƻƴ ǘǊŀƴǎǇƻǊǘ ŎƘŀƛƴ ƻŦ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘƛƛΦ tǊƻŎ bŀǘƭ !ŎŀŘ {Ŏƛ ¦ { !Σ мфсрΦ рпόсύΥ ǇΦ мсср-фΦ 

мффΦ aǳǊǊŀȅΣ aΦDΦ ŀƴŘ ²ΦCΦ ¢ƘƻƳǇǎƻƴΣ wŀǇƛŘ ƛǎƻƭŀǘƛƻƴ ƻŦ ƘƛƎƘ ƳƻƭŜŎǳƭŀǊ ǿŜƛƎƘǘ Ǉƭŀƴǘ 5b!Φ bǳŎƭŜƛŎ !ŎƛŘǎ 
wŜǎŜŀǊŎƘΣ мфулΦ уόмфύΥ ǇΦ понм-понсΦ 

нллΦ {ŀƳōǊƻƻƪΣ WΦ ŀƴŘ 5Φ²Φ wǳǎǎŜƭƭΣ aƻƭŜŎǳƭŀǊ ŎƭƻƴƛƴƎ Υ ŀ ƭŀōƻǊŀǘƻǊȅ ƳŀƴǳŀƭΦ оǊŘ ŜŘΦ нллмΣ /ƻƭŘ {ǇǊƛƴƎ IŀǊōƻǊΣ 
bΦ¸ΦΥ /ƻƭŘ {ǇǊƛƴƎ IŀǊōƻǊ [ŀōƻǊŀǘƻǊȅ tǊŜǎǎΦ о ǾΦ 

нлмΦ .ƻƘƴŜΣ !Φ±ΦΣ Ŝǘ ŀƭΦΣ wŜŎƛǇǊƻŎŀƭ ǊŜƎǳƭŀǘƛƻƴ ƻŦ ǇǊƻǘŜƛƴ ǎȅƴǘƘŜǎƛǎ ŀƴŘ ŎŀǊōƻƴ ƳŜǘŀōƻƭƛǎƳ ŦƻǊ ǘƘȅƭŀƪƻƛŘ 
ƳŜƳōǊŀƴŜ ōƛƻƎŜƴŜǎƛǎΦ t[ƻ{ .ƛƻƭΣ нлмоΦ ммόнύΥ ǇΦ ŜмллмпунΦ 

нлнΦ ¦ƴƛŀŎƪŜΣ WΦΣ 5Φ /ƻƭƻƴ-wŀƳƻǎΣ ŀƴŘ ²Φ ½ŜǊƎŜǎΣ CL{I ŀƴŘ ƛƳƳǳƴƻŦƭǳƻǊŜǎŎŜƴŎŜ ǎǘŀƛƴƛƴƎ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎΦ 
aŜǘƘƻŘǎ aƻƭ .ƛƻƭΣ нлммΦ тмпΥ ǇΦ мр-нфΦ 

нлоΦ wŀƴŘƻƭǇƘ-!ƴŘŜǊǎƻƴΣ .Φ[ΦΣ bΦ²Φ DƛƭƭƘŀƳΣ ŀƴŘ WΦ9Φ .ƻȅƴǘƻƴΣ 9ƭŜŎǘǊƻǇƘƻǊŜǘƛŎ ŀƴŘ ƛƳƳǳƴƻƭƻƎƛŎŀƭ ŎƻƳǇŀǊƛǎƻƴǎ 
ƻŦ ŎƘƭƻǊƻǇƭŀǎǘ ŀƴŘ ǇǊƻƪŀǊȅƻǘƛŎ ǊƛōƻǎƻƳŀƭ ǇǊƻǘŜƛƴǎ ǊŜǾŜŀƭ ǘƘŀǘ ŎŜǊǘŀƛƴ ŦŀƳƛƭƛŜǎ ƻŦ ƭŀǊƎŜ ǎǳōǳƴƛǘ ǇǊƻǘŜƛƴǎ ŀǊŜ 
ŜǾƻƭǳǘƛƻƴŀǊƛƭȅ ŎƻƴǎŜǊǾŜŘΦ W aƻƭ 9ǾƻƭΣ мфуфΦ нфόмύΥ ǇΦ су-ууΦ 

нлпΦ !ōǊŀƳƻŦŦΣ aΦ5ΦΣ tΦWΦ aŀƎŜƭƘŀŜǎΣ ŀƴŘ {ΦWΦ wŀƳΣ LƳŀƎŜ tǊƻŎŜǎǎƛƴƎ ǿƛǘƘ LƳŀƎŜWΦ .ƛƻǇƘƻǘƻƴƛŎǎ LƴǘŜǊƴŀǘƛƻƴŀƭΣ 
нллпΦ ммόтύΥ ǇΦ ос-пнΦ 

нлрΦ .ŀǊǊŀŎƭƻǳƎƘΣ wΦ ŀƴŘ wΦWΦ 9ƭƭƛǎΣ tǊƻǘŜƛƴ ǎȅƴǘƘŜǎƛǎ ƛƴ ŎƘƭƻǊƻǇƭŀǎǘǎΦ L·Φ !ǎǎŜƳōƭȅ ƻŦ ƴŜǿƭȅ-ǎȅƴǘƘŜǎƛȊŜŘ ƭŀǊƎŜ 
ǎǳōǳƴƛǘǎ ƛƴǘƻ ǊƛōǳƭƻǎŜ ōƛǎǇƘƻǎǇƘŀǘŜ ŎŀǊōƻȄȅƭŀǎŜ ƛƴ ƛǎƻƭŀǘŜŘ ƛƴǘŀŎǘ ǇŜŀ ŎƘƭƻǊƻǇƭŀǎǘǎΦ .ƛƻŎƘƛƳ .ƛƻǇƘȅǎ !ŎǘŀΣ 
мфулΦ слуόмύΥ ǇΦ мф-омΦ 

нлсΦ {ŀƳōǊƻƻƪΣ WΦwΦΣ 5Σ aƻƭŜŎǳƭŀǊ /ƭƻƴƛƴƎΥ ! [ŀōƻǊŀǘƻǊȅ aŀƴǳŀƭΦ ±ƻƭΦ нΦ нлллΥ /ƻƭŘ {ǇǊƛƴƎ IŀǊōƻǊ [ŀō tǊŜǎǎΦ 

нлтΦ CƛǎŎƘŜǊΣ .Φ.ΦΣ Ŝǘ ŀƭΦΣ CǳƴŎǘƛƻƴ ŀƴŘ ǊŜƎǳƭŀǘƛƻƴ ƻŦ ǘƘŜ ƎƭǳǘŀǘƘƛƻƴŜ ǇŜǊƻȄƛŘŀǎŜ ƘƻƳƻƭƻƎƻǳǎ ƎŜƴŜ Dt·IκDt·р ƛƴ 
/ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ tƭŀƴǘ aƻƭ .ƛƻƭΣ нллфΦ тмόсύΥ ǇΦ рсф-уоΦ 
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нлуΦ wŀǿŀǘΣ aΦΣ Ŝǘ ŀƭΦΣ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛ Ƴǳǘŀƴǘǎ ǿƛǘƘƻǳǘ ǊƛōǳƭƻǎŜ-ƭΣр-ōƛǎǇƘƻǎǇƘŀǘŜ ŎŀǊōƻȄȅƭŀǎŜ-
ƻȄȅƎŜƴŀǎŜ ƭŀŎƪ ŀ ŘŜǘŜŎǘŀōƭŜ ǇȅǊŜƴƻƛŘΦ tƭŀƴǘŀΣ мффсΦ мфуΥ ǇΦ нсо-нтлΦ 

нлфΦ DŜƴƪƻǾΣ ¢ΦΣ Ŝǘ ŀƭΦΣ CǳƴŎǘƛƻƴŀƭ IȅōǊƛŘ wǳōƛǎŎƻ 9ƴȊȅƳŜǎ ǿƛǘƘ tƭŀƴǘ {Ƴŀƭƭ {ǳōǳƴƛǘǎ ŀƴŘ !ƭƎŀƭ [ŀǊƎŜ {ǳōǳƴƛǘǎΥ 
ŜƴƎƛƴŜŜǊŜŘ ǊōŎ{ Ŏ5b! ŦƻǊ ŜȄǇǊŜǎǎƛƻƴ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎΦ WƻǳǊƴŀƭ ƻŦ .ƛƻƭƻƎƛŎŀƭ /ƘŜƳƛǎǘǊȅΣ нлмлΦ нурόнсύΥ ǇΦ 
мфуоо-мфупмΦ 

нмлΦ /ƘŀƴƎΣ IΦ[ΦΣ Ŝǘ ŀƭΦΣ wŜŀŎǘƛǾŜ ƻȄȅƎŜƴ ǎǇŜŎƛŜǎ ƳƻŘǳƭŀǘŜ ǘƘŜ ŘƛŦŦŜǊŜƴǘƛŀƭ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ƳŜǘƘƛƻƴƛƴŜ ǎǳƭŦƻȄƛŘŜ 
ǊŜŘǳŎǘŀǎŜ ƎŜƴŜǎ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛ ǳƴŘŜǊ ƘƛƎƘ ƭƛƎƘǘ ƛƭƭǳƳƛƴŀǘƛƻƴΦ tƘȅǎƛƻƭ tƭŀƴǘΣ нлмпΦ мрлόпύΥ ǇΦ 
ррл-спΦ 

нммΦ wŀǎŀƭŀΣ .Φ!ΦΣ Ŝǘ ŀƭΦΣ 9ƴƘŀƴŎŜŘ ƎŜƴŜǘƛŎ ǘƻƻƭǎ ŦƻǊ ŜƴƎƛƴŜŜǊƛƴƎ ƳǳƭǘƛƎŜƴŜ ǘǊŀƛǘǎ ƛƴǘƻ ƎǊŜŜƴ ŀƭƎŀŜΦ t[ƻ{ hƴŜΣ 
нлмпΦ фόпύΥ ǇΦ ŜфплнуΦ 

нмнΦ ¦ƴƛŀŎƪŜΣ WΦ ŀƴŘ ²Φ ½ŜǊƎŜǎΣ tƘƻǘƻǎȅǎǘŜƳ LL ŀǎǎŜƳōƭȅ ŀƴŘ ǊŜǇŀƛǊ ŀǊŜ ŘƛŦŦŜǊŜƴǘƛŀƭƭȅ ƭƻŎŀƭƛȊŜŘ ƛƴ 
/ƘƭŀƳȅŘƻƳƻƴŀǎΦ tƭŀƴǘ /ŜƭƭΣ нллтΦ мфόммύΥ ǇΦ оспл-рпΦ 

нмоΦ ¦ƴƛŀŎƪŜΣ WΦ ŀƴŘ ²Φ ½ŜǊƎŜǎΣ /ƘƭƻǊƻǇƭŀǎǘ ǇǊƻǘŜƛƴ ǘŀǊƎŜǘƛƴƎ ƛƴǾƻƭǾŜǎ ƭƻŎŀƭƛȊŜŘ ǘǊŀƴǎƭŀǘƛƻƴ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎΦ 
tǊƻŎ bŀǘƭ !ŎŀŘ {Ŏƛ ¦ { !Σ нллфΦ млсόрύΥ ǇΦ мпоф-ппΦ 

нмпΦ {ŎƘƻǘǘƪƻǿǎƪƛΣ aΦΣ Ŝǘ ŀƭΦΣ .ƛƻƎŜƴƛŎ ƳŜƳōǊŀƴŜǎ ƻŦ ǘƘŜ ŎƘƭƻǊƻǇƭŀǎǘ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ tǊƻŎ bŀǘƭ 
!ŎŀŘ {Ŏƛ ¦ { !Σ нлмнΦ млфόптύΥ ǇΦ мфнус-фмΦ 

нмрΦ {ŎƘǊƻŘŀΣ aΦΣ Ŝǘ ŀƭΦΣ ! ŎƘƭƻǊƻǇƭŀǎǘ-ǘŀǊƎŜǘŜŘ ƘŜŀǘ ǎƘƻŎƪ ǇǊƻǘŜƛƴ тл όI{tтлύ ŎƻƴǘǊƛōǳǘŜǎ ǘƻ ǘƘŜ 
ǇƘƻǘƻǇǊƻǘŜŎǘƛƻƴ ŀƴŘ ǊŜǇŀƛǊ ƻŦ ǇƘƻǘƻǎȅǎǘŜƳ LL ŘǳǊƛƴƎ ŀƴŘ ŀŦǘŜǊ ǇƘƻǘƻƛƴƘƛōƛǘƛƻƴΦ tƭŀƴǘ /ŜƭƭΣ мфффΦ ммόсύΥ ǇΦ 
ммср-туΦ 

нмсΦ ¢ŀōƛǘŀΣ CΦwΦΣ Ŝǘ ŀƭΦΣ CǳƴŎǘƛƻƴΣ ǎǘǊǳŎǘǳǊŜΣ ŀƴŘ ŜǾƻƭǳǘƛƻƴ ƻŦ ǘƘŜ wǳōƛǎ/h-ƭƛƪŜ ǇǊƻǘŜƛƴǎ ŀƴŘ ǘƘŜƛǊ wǳōƛǎ/h 
ƘƻƳƻƭƻƎǎΦ aƛŎǊƻōƛƻƭƻƎȅ ŀƴŘ aƻƭŜŎǳƭŀǊ .ƛƻƭƻƎȅ wŜǾƛŜǿǎΣ нллтΦ тмόпύΥ ǇΦ ртс-ҌΦ 

нмтΦ hōŜǊƭŜǊŎƘƴŜǊΣ WΦ¢ΦΣ ¢Φ wƻǎŜƴŀǳΣ ŀƴŘ !Φ tƻǘǘƘŀǎǘΣ hǾŜǊǾƛŜǿ ƻŦ aŜǘƘƻŘǎ ŦƻǊ ǘƘŜ 5ƛǊŜŎǘ aƻƭŀǊ aŀǎǎ 
5ŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ /ŜƭƭǳƭƻǎŜΦ aƻƭŜŎǳƭŜǎΣ нлмрΦ нлόсύΥ ǇΦ мломо-млопмΦ 

нмуΦ YǊŀǳǎŜΣ YΦΣ CǊƻƳ ŎƘƭƻǊƻǇƭŀǎǘǎ ǘƻ άŎǊȅǇǘƛŎέ ǇƭŀǎǘƛŘǎΥ ŜǾƻƭǳǘƛƻƴ ƻŦ ǇƭŀǎǘƛŘ ƎŜƴƻƳŜǎ ƛƴ ǇŀǊŀǎƛǘƛŎ ǇƭŀƴǘǎΦ /ǳǊǊŜƴǘ 
DŜƴŜǘƛŎǎΣ нллуΦ рпόоύΥ ǇΦ ммм-мнмΦ 

нмфΦ IŜƴǘȊŜΣ aΦ²Φ ŀƴŘ ¢Φ tǊŜƛǎǎΣ ¢ƘŜ w9a ǇƘŀǎŜ ƻŦ ƎŜƴŜ ǊŜƎǳƭŀǘƛƻƴΦ ¢ǊŜƴŘǎ ƛƴ ōƛƻŎƘŜƳƛŎŀƭ ǎŎƛŜƴŎŜǎΣ нлмлΦ 
орόуύΥ ǇΦ пно-сΦ 

ннлΦ bǳƴƻƳǳǊŀΣ !ΦΣ Ŝǘ ŀƭΦΣ wb! ƻȄƛŘŀǘƛƻƴ ƛǎ ŀ ǇǊƻƳƛƴŜƴǘ ŦŜŀǘǳǊŜ ƻŦ ǾǳƭƴŜǊŀōƭŜ ƴŜǳǊƻƴǎ ƛƴ !ƭȊƘŜƛƳŜǊϥǎ ŘƛǎŜŀǎŜΦ 
WƻǳǊƴŀƭ ƻŦ bŜǳǊƻǎŎƛŜƴŎŜΣ мфффΦ мфόсύΥ ǇΦ мфрф-мфспΦ 

ннмΦ ¢ŀƴŀƪŀΣ aΦΣ tΦ.Φ /ƘƻŎƪΣ ŀƴŘ 9ΦwΦ {ǘŀŘǘƳŀƴΣ hȄƛŘƛȊŜŘ ƳŜǎǎŜƴƎŜǊ wb! ƛƴŘǳŎŜǎ ǘǊŀƴǎƭŀǘƛƻƴ ŜǊǊƻǊǎΦ 
tǊƻŎŜŜŘƛƴƎǎ ƻŦ ǘƘŜ bŀǘƛƻƴŀƭ !ŎŀŘŜƳȅ ƻŦ {ŎƛŜƴŎŜǎΣ нллтΦ млпόмύΥ ǇΦ сс-тмΦ 

нннΦ DŀƛƭƭŀǊŘΣ IΦ ŀƴŘ !Φ !ƎǳƛƭŜǊŀΣ ! bƻǾŜƭ /ƭŀǎǎ ƻŦ Ƴwb!-ŎƻƴǘŀƛƴƛƴƎ /ȅǘƻǇƭŀǎƳƛŎ DǊŀƴǳƭŜǎ !ǊŜ tǊƻŘǳŎŜŘ ƛƴ 
wŜǎǇƻƴǎŜ ǘƻ ¦±-LǊǊŀŘƛŀǘƛƻƴΦ aƻƭŜŎǳƭŀǊ .ƛƻƭƻƎȅ ƻŦ ǘƘŜ /ŜƭƭΣ нллуΦ мфόммύΥ ǇΦ пфул-пффнΦ 

нноΦ !ŘƧƛōŀŘŜΣ tΦ ŀƴŘ wΦ aŀȊǊƻǳƛΣ /ƻƴǘǊƻƭ ƻŦ Ƴwb! ǘǳǊƴƻǾŜǊΥ LƳǇƭƛŎŀǘƛƻƴ ƻŦ ŎȅǘƻǇƭŀǎƳƛŎ wb! ƎǊŀƴǳƭŜǎΦ {ŜƳƛƴ 
/Ŝƭƭ 5ŜǾ .ƛƻƭΣ нлмпΦ 

ннпΦ ²ŀƭǘŜǊǎΣ wΦ ŀƴŘ wΦ tŀǊƪŜǊΣ Lǎ ǘƘŜǊŜ ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭ ƻŦ ƭƻŎŀƭƛȊŜŘ Ƴwb!ǎΚ ¢ƘŜ WƻǳǊƴŀƭ ƻŦ /Ŝƭƭ .ƛƻƭƻƎȅΣ нлмпΦ 
нлпόсύΥ ǇΦ усо-усуΦ 
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ннрΦ {ǘƻŜŎƪƭƛƴΣ DΦ ŀƴŘ .Φ .ǳƪŀǳΣ ¢ŜƭƭƛƴƎ ǊƛƎƘǘ ŦǊƻƳ ǿǊƻƴƎ ƛƴ ƭƛŦŜ - ŎŜƭƭǳƭŀǊ ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭΦ bŀǘǳǊŜ wŜǾƛŜǿǎ 
aƻƭŜŎǳƭŀǊ /Ŝƭƭ .ƛƻƭƻƎȅΣ нлмоΦ мпόмлύΥ ǇΦ смо-смрΦ 

ннсΦ 5ŜŎƪŜǊΣ /ΦWΦ ŀƴŘ wΦ tŀǊƪŜǊΣ t-ōƻŘƛŜǎ ŀƴŘ ǎǘǊŜǎǎ ƎǊŀƴǳƭŜǎΥ ǇƻǎǎƛōƭŜ ǊƻƭŜǎ ƛƴ ǘƘŜ ŎƻƴǘǊƻƭ ƻŦ ǘǊŀƴǎƭŀǘƛƻƴ ŀƴŘ 
Ƴwb! ŘŜƎǊŀŘŀǘƛƻƴΦ /ƻƭŘ {ǇǊƛƴƎ IŀǊō tŜǊǎǇŜŎǘ .ƛƻƭΣ нлмнΦ пόфύΥ ǇΦ ŀлмннусΦ 

ннтΦ YƻƭŜǎƛƴǎƪƛΣ tΦΣ Ŝǘ ŀƭΦΣ wǳōƛǎŎƻ !ŎŎǳƳǳƭŀǘƛƻƴ CŀŎǘƻǊ м ŦǊƻƳ ¢ƘŜǊƳƻǎȅƴŜŎƘƻŎƻŎŎǳǎ ŜƭƻƴƎŀǘǳǎ ǇŀǊǘƛŎƛǇŀǘŜǎ ƛƴ 
ǘƘŜ Ŧƛƴŀƭ ǎǘŀƎŜǎ ƻŦ ǊƛōǳƭƻǎŜ-мΣр-ōƛǎǇƘƻǎǇƘŀǘŜ ŎŀǊōƻȄȅƭŀǎŜκƻȄȅƎŜƴŀǎŜ ŀǎǎŜƳōƭȅ ƛƴ 9ǎŎƘŜǊƛŎƘƛŀ Ŏƻƭƛ ŎŜƭƭǎ ŀƴŘ 
ƛƴ ǾƛǘǊƻΦ C9.{ WΣ нлмпΦ нумόмтύΥ ǇΦ офнл-онΦ 

ннуΦ DƛƻǊŘŀƴƻΣ aΦΣ WΦ .ŜŀǊŘŀƭƭΣ ŀƴŘ WΦ!Φ wŀǾŜƴΣ /hн ŎƻƴŎŜƴǘǊŀǘƛƴƎ ƳŜŎƘŀƴƛǎƳǎ ƛƴ ŀƭƎŀŜΥ ƳŜŎƘŀƴƛǎƳǎΣ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƳƻŘǳƭŀǘƛƻƴΣ ŀƴŘ ŜǾƻƭǳǘƛƻƴΦ !ƴƴǳ wŜǾ tƭŀƴǘ .ƛƻƭΣ нллрΦ рсΥ ǇΦ фф-момΦ 

ннфΦ ±ƛƭƭŀǊǊŜŀƭΣ WΦ/Φ ŀƴŘ {Φ{Φ wŜƴƴŜǊΣ IƻǊƴǿƻǊǘ ǇȅǊŜƴƻƛŘǎΣ ŎŀǊōƻƴ-ŎƻƴŎŜƴǘǊŀǘƛƴƎ ǎǘǊǳŎǘǳǊŜǎΣ ŜǾƻƭǾŜŘ ŀƴŘ ǿŜǊŜ ƭƻǎǘ 
ŀǘ ƭŜŀǎǘ ŦƛǾŜ ǘƛƳŜǎ ŘǳǊƛƴƎ ǘƘŜ ƭŀǎǘ млл Ƴƛƭƭƛƻƴ ȅŜŀǊǎΦ tǊƻŎ bŀǘƭ !ŎŀŘ {Ŏƛ ¦ { !Σ нлмнΦ млфόпсύΥ ǇΦ мууто-уΦ 

нолΦ /ƘƻŎƘƻƛǎΣ ±ΦΣ Ŝǘ ŀƭΦΣ IȅŘǊƻƎŜƴ ǇǊƻŘǳŎǘƛƻƴ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎΥ ǇƘƻǘƻǎȅǎǘŜƳ LL-ŘŜǇŜƴŘŜƴǘ ŀƴŘ -ƛƴŘŜǇŜƴŘŜƴǘ 
ǇŀǘƘǿŀȅǎ ŘƛŦŦŜǊ ƛƴ ǘƘŜƛǊ ǊŜǉǳƛǊŜƳŜƴǘ ŦƻǊ ǎǘŀǊŎƘ ƳŜǘŀōƻƭƛǎƳΦ tƭŀƴǘ tƘȅǎƛƻƭΣ нллфΦ мрмόнύΥ ǇΦ сом-плΦ 

номΦ aƻǊƻƴŜȅΣ WΦ±Φ ŀƴŘ !Φ {ƻƳŀƴŎƘƛΣ Iƻǿ 5ƻ ŀƭƎŀŜ ŎƻƴŎŜƴǘǊŀǘŜ /hн ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ǇƘƻǘƻǎȅƴǘƘŜǘƛŎ 
ŎŀǊōƻƴ ŦƛȄŀǘƛƻƴΚ tƭŀƴǘ tƘȅǎƛƻƭΣ мфффΦ ммфόмύΥ ǇΦ ф-мсΦ 

нонΦ aŎƪŀȅΣ wΦaΦ[Φ ŀƴŘ {ΦtΦ DƛōōǎΣ tƘȅŎƻŜǊȅǘƘǊƛƴ Lǎ !ōǎŜƴǘ ŦǊƻƳ ǘƘŜ tȅǊŜƴƻƛŘ ƻŦ tƻǊǇƘȅǊƛŘƛǳƳ-/ǊǳŜƴǘǳƳ - 
tƘƻǘƻǎȅƴǘƘŜǘƛŎ LƳǇƭƛŎŀǘƛƻƴǎΦ tƭŀƴǘŀΣ мффлΦ мулόнύΥ ǇΦ нпф-нрсΦ 

нооΦ hƘŀŘΣ LΦΣ tΦ {ƛŜƪŜǾƛǘȊΣ ŀƴŘ DΦ9Φ tŀƭŀŘŜΣ .ƛƻƎŜƴŜǎƛǎ ƻŦ ŎƘƭƻǊƻǇƭŀǎǘ ƳŜƳōǊŀƴŜǎΦ LΦ tƭŀǎǘƛŘ ŘŜŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴ ƛƴ ŀ 
ŘŀǊƪ-ƎǊƻǿƴ ŀƭƎŀƭ Ƴǳǘŀƴǘ ό/ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘƛύΦ W /Ŝƭƭ .ƛƻƭΣ мфстΦ орόоύΥ ǇΦ рнм-рнΦ 

нопΦ !ƴŘŜǊǎƻƴΣ bΦ[Φ ŀƴŘ bΦDΦ !ƴŘŜǊǎƻƴΣ tǊƻǘŜƻƳŜ ŀƴŘ ǇǊƻǘŜƻƳƛŎǎΥ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ƴŜǿ ŎƻƴŎŜǇǘǎΣ ŀƴŘ ƴŜǿ 
ǿƻǊŘǎΦ 9ƭŜŎǘǊƻǇƘƻǊŜǎƛǎΣ мффуΦ мфόммύΥ ǇΦ муро-смΦ 

норΦ tƻǊǊŀΣ wΦWΦΣ ¢ƘŜ ŎƘŜǉǳŜǊŜŘ ƘƛǎǘƻǊȅ ƻŦ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ǳǎŜ ƻŦ ǎƛƳǳƭǘŀƴŜƻǳǎ Ŝǉǳŀǘƛƻƴǎ ŦƻǊ ǘƘŜ ŀŎŎǳǊŀǘŜ 
ŘŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭǎ ŀ ŀƴŘ ōΦ tƘƻǘƻǎȅƴǘƘŜǎƛǎ wŜǎŜŀǊŎƘΣ нллнΦ тоόм-оύΥ ǇΦ мпф-мрсΦ 

носΦ ²ŜǎǎŜƭΣ 5Φ ŀƴŘ ¦ΦLΦ CƭǳƎƎŜΣ ! aŜǘƘƻŘ ŦƻǊ ǘƘŜ vǳŀƴǘƛǘŀǘƛǾŜ wŜŎƻǾŜǊȅ ƻŦ tǊƻǘŜƛƴ ƛƴ 5ƛƭǳǘŜ-{ƻƭǳǘƛƻƴ ƛƴ ǘƘŜ 
tǊŜǎŜƴŎŜ ƻŦ 5ŜǘŜǊƎŜƴǘǎ ŀƴŘ [ƛǇƛŘǎΦ !ƴŀƭȅǘƛŎŀƭ .ƛƻŎƘŜƳƛǎǘǊȅΣ мфупΦ моуόмύΥ ǇΦ мпм-мпоΦ 

нотΦ IƻƭŘǎǿƻǊǘƘΣ wΦIΦΣ ¢ƘŜ ƛǎƻƭŀǘƛƻƴ ŀƴŘ ǇŀǊǘƛŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǘƘŜ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƛƴ ƻŦ 9ǊŜƳƻǎǇƘŀŜǊŀ 
ǾƛǊƛŘƛǎΦ W /Ŝƭƭ .ƛƻƭΣ мфтмΦ рмόнмύΥ ǇΦ пфф-рмоΦ 

ноуΦ .ǊŀŎƘŜǊΣ !ΦΣ Ŝǘ ŀƭΦΣ /Ǌȅǎǘŀƭ ǎǘǊǳŎǘǳǊŜ ƻŦ ŀ ŎƘŀǇŜǊƻƴŜ-ōƻǳƴŘ ŀǎǎŜƳōƭȅ ƛƴǘŜǊƳŜŘƛŀǘŜ ƻŦ ŦƻǊƳ L wǳōƛǎŎƻΦ bŀǘ 
{ǘǊǳŎǘ aƻƭ .ƛƻƭΣ нлммΦ муόуύΥ ǇΦ утр-улΦ 

нофΦ ½ƘƻǳΣ WΦΣ Ŝǘ ŀƭΦΣ 9о ǳōƛǉǳƛǘƛƴ ƭƛƎŀǎŜ /ILt ŀƴŘ b.wм-ƳŜŘƛŀǘŜŘ ǎŜƭŜŎǘƛǾŜ ŀǳǘƻǇƘŀƎȅ ǇǊƻǘŜŎǘ ŀŘŘƛǘƛǾŜƭȅ ŀƎŀƛƴǎǘ 
ǇǊƻǘŜƻǘƻȄƛŎƛǘȅ ƛƴ Ǉƭŀƴǘ ǎǘǊŜǎǎ ǊŜǎǇƻƴǎŜǎΦ t[ƻ{ DŜƴŜǘΣ нлмпΦ млόмύΥ ǇΦ ŜмллпммсΦ 

нплΦ .ǊǳŜƎƎŜƳŀƴΣ !ΦWΦΣ Ŝǘ ŀƭΦΣ !ŎǘƛǾŀǘƛƻƴ ƻŦ ǘƘŜ ŎŀǊōƻƴ ŎƻƴŎŜƴǘǊŀǘƛƴƎ ƳŜŎƘŀƴƛǎƳ ōȅ /hн ŘŜǇǊƛǾŀǘƛƻƴ ŎƻƛƴŎƛŘŜǎ 
ǿƛǘƘ ƳŀǎǎƛǾŜ ǘǊŀƴǎŎǊƛǇǘƛƻƴŀƭ ǊŜǎǘǊǳŎǘǳǊƛƴƎ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ tƭŀƴǘ /ŜƭƭΣ нлмнΦ нпόрύΥ ǇΦ мусл-
трΦ 

нпмΦ LȊǳƳƻΣ !ΦΣ Ŝǘ ŀƭΦΣ 9ŦŦŜŎǘǎ ƻŦ ƎǊŀƴǳƭŜ-ōƻǳƴŘ ǎǘŀǊŎƘ ǎȅƴǘƘŀǎŜ L-ŘŜŦŜŎǘƛǾŜ Ƴǳǘŀǘƛƻƴ ƻƴ ǘƘŜ ƳƻǊǇƘƻƭƻƎȅ ŀƴŘ 
ǎǘǊǳŎǘǳǊŜ ƻŦ ǇȅǊŜƴƻƛŘŀƭ ǎǘŀǊŎƘ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎΦ tƭŀƴǘ {ŎƛΣ нлммΦ мулόнύΥ ǇΦ ноу-прΦ 
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нпнΦ .ŀƭƭΣ {ΦΣ Ŝǘ ŀƭΦΣ ! /ƘƭŀƳȅŘƻƳƻƴŀǎ-wŜƛƴƘŀǊŘǘƛƛ [ƻǿ-{ǘŀǊŎƘ aǳǘŀƴǘ Lǎ 5ŜŦŜŎǘƛǾŜ ŦƻǊ о-tƘƻǎǇƘƻƎƭȅŎŜǊŀǘŜ 
!ŎǘƛǾŀǘƛƻƴ ŀƴŘ hǊǘƘƻǇƘƻǎǇƘŀǘŜ LƴƘƛōƛǘƛƻƴ ƻŦ !ŘǇ-DƭǳŎƻǎŜ tȅǊƻǇƘƻǎǇƘƻǊȅƭŀǎŜΦ tƭŀƴǘŀΣ мффмΦ мурόмύΥ ǇΦ мт-
нсΦ 

нпоΦ !ƭƭŜƴΣ WΦΣ tƘƻǘƻǎȅƴǘƘŜǎƛǎ ƻŦ !¢t-ŜƭŜŎǘǊƻƴǎΣ ǇǊƻǘƻƴ ǇǳƳǇǎΣ ǊƻǘƻǊǎΣ ŀƴŘ ǇƻƛǎŜΦ /ŜƭƭΣ нллнΦ ммлόоύΥ ǇΦ нто-сΦ 

нппΦ aŀǊǳȅŀƳŀΣ {ΦΣ wΦ ¢ƻƪǳǘǎǳΣ ŀƴŘ WΦ aƛƴŀƎŀǿŀΣ ¢ǊŀƴǎŎǊƛǇǘƛƻƴŀƭ ǊŜƎǳƭŀǘƛƻƴ ƻŦ ǘƘŜ ǎǘǊŜǎǎ-ǊŜǎǇƻƴǎƛǾŜ ƭƛƎƘǘ 
ƘŀǊǾŜǎǘƛƴƎ ŎƻƳǇƭŜȄ ƎŜƴŜǎ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ tƭŀƴǘ /Ŝƭƭ tƘȅǎƛƻƭΣ нлмпΦ ррόтύΥ ǇΦ молп-млΦ 

нпрΦ WƻȅŀǊŘΣ WΦΣ Ŝǘ ŀƭΦΣ /ƘƭƻǊƻǇƭŀǎǘ ǇǊƻǘŜƻƳƛŎǎ ŀƴŘ ǘƘŜ ŎƻƳǇŀǊǘƳŜƴǘŀǘƛƻƴ ƻŦ ǇƭŀǎǘƛŘƛŀƭ ƛǎƻǇǊŜƴƻƛŘ ōƛƻǎȅƴǘƘŜǘƛŎ 
ǇŀǘƘǿŀȅǎΦ aƻƭ tƭŀƴǘΣ нллфΦ нόсύΥ ǇΦ ммрп-улΦ 

нпсΦ 9ǊƛŎƪǎƻƴΣ 9ΦΣ {Φ ²ŀƪŀƻΣ ŀƴŘ YΦYΦ bƛȅƻƎƛΣ [ƛƎƘǘ ǎǘǊŜǎǎ ŀƴŘ ǇƘƻǘƻǇǊƻǘŜŎǘƛƻƴ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ 
tƭŀƴǘ WΣ нлмрΦ унόоύΥ ǇΦ ппф-срΦ 

нптΦ wŀǎǘΣ !ΦΣ {Φ IŜƛƴȊΣ ŀƴŘ WΦ bƛŎƪŜƭǎŜƴΣ .ƛƻƎŜƴŜǎƛǎ ƻŦ ǘƘȅƭŀƪƻƛŘ ƳŜƳōǊŀƴŜǎΦ .ƛƻŎƘƛƳ .ƛƻǇƘȅǎ !ŎǘŀΣ нлмрΦ 

нпуΦ .ƻǊƴŜǊΣ ¢ΦΣ Ŝǘ ŀƭΦΣ /ƘƭƻǊƻǇƭŀǎǘ wb! ǇƻƭȅƳŜǊŀǎŜǎΥ wƻƭŜ ƛƴ ŎƘƭƻǊƻǇƭŀǎǘ ōƛƻƎŜƴŜǎƛǎΦ .ƛƻŎƘƛƳ .ƛƻǇƘȅǎ !ŎǘŀΣ нлмрΦ 
муптόфύΥ ǇΦ тсм-фΦ 

нпфΦ ¸ŀƴƎΣ WΦΣ DΦ {ŎƘǳǎǘŜǊΣ ŀƴŘ 5Φ.Φ {ǘŜǊƴΣ /{tпмΣ ŀ ǎŜǉǳŜƴŎŜ-ǎǇŜŎƛŦƛŎ ŎƘƭƻǊƻǇƭŀǎǘ Ƴwb! ōƛƴŘƛƴƎ ǇǊƻǘŜƛƴΣ ƛǎ ŀƴ 
ŜƴŘƻǊƛōƻƴǳŎƭŜŀǎŜΦ tƭŀƴǘ /ŜƭƭΣ мффсΦ уόуύΥ ǇΦ мплф-нлΦ 

нрлΦ .ƻƭƭŜƴōŀŎƘΣ ¢ΦWΦΣ 5Φ!Φ ¢ŀǘƳŀƴΣ ŀƴŘ 5Φ.Φ {ǘŜǊƴΣ /{tпмŀΣ ŀ ƳǳƭǘƛŦǳƴŎǘƛƻƴŀƭ wb!-ōƛƴŘƛƴƎ ǇǊƻǘŜƛƴΣ ƛƴƛǘƛŀǘŜǎ 
Ƴwb! ǘǳǊƴƻǾŜǊ ƛƴ ǘƻōŀŎŎƻ ŎƘƭƻǊƻǇƭŀǎǘǎΦ tƭŀƴǘ WΣ нллоΦ осόсύΥ ǇΦ упн-рнΦ 

нрмΦ ¸ŀƳŀƎǳŎƘƛΣ YΦΣ Ŝǘ ŀƭΦΣ tǊƻǘŜƻƳƛŎ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǘƘŜ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛ ŎƘƭƻǊƻǇƭŀǎǘ ǊƛōƻǎƻƳŜΦ 
LŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ǇǊƻǘŜƛƴǎ ǳƴƛǉǳŜ ǘƻ ǘƘ Ŝтл { ǊƛōƻǎƻƳŜΦ W .ƛƻƭ /ƘŜƳΣ нллоΦ нтуόосύΥ ǇΦ ооттп-урΦ 

нрнΦ 5ŀȅŜǊΣ wΦΣ Ŝǘ ŀƭΦΣ ¢ƘŜ ǇŜǊƻȄƛǊŜŘƻȄƛƴ ŀƴŘ ƎƭǳǘŀǘƘƛƻƴŜ ǇŜǊƻȄƛŘŀǎŜ ŦŀƳƛƭƛŜǎ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ 
DŜƴŜǘƛŎǎΣ нллуΦ мтфόмύΥ ǇΦ пм-ртΦ 

нроΦ bƛȅƻƎƛΣ YΦYΦΣ !ΦwΦ DǊƻǎǎƳŀƴΣ ŀƴŘ hΦ .ƧƻǊƪƳŀƴΣ !ǊŀōƛŘƻǇǎƛǎ Ƴǳǘŀƴǘǎ ŘŜŦƛƴŜ ŀ ŎŜƴǘǊŀƭ ǊƻƭŜ ŦƻǊ ǘƘŜ 
ȄŀƴǘƘƻǇƘȅƭƭ ŎȅŎƭŜ ƛƴ ǘƘŜ ǊŜƎǳƭŀǘƛƻƴ ƻŦ ǇƘƻǘƻǎȅƴǘƘŜǘƛŎ ŜƴŜǊƎȅ ŎƻƴǾŜǊǎƛƻƴΦ tƭŀƴǘ /ŜƭƭΣ мффуΦ млόтύΥ ǇΦ ммнм-опΦ 

нрпΦ ·ƛƻƴƎΣ [ΦΣ Ŝǘ ŀƭΦΣ wŜƎǳƭŀǘƛƻƴ ƻŦ ƻǎƳƻǘƛŎ ǎǘǊŜǎǎ-ǊŜǎǇƻƴǎƛǾŜ ƎŜƴŜ ŜȄǇǊŜǎǎƛƻƴ ōȅ ǘƘŜ [h{сκ!.!м ƭƻŎǳǎ ƛƴ 
!ǊŀōƛŘƻǇǎƛǎΦ W .ƛƻƭ /ƘŜƳΣ нллнΦ нттόмлύΥ ǇΦ уруу-фсΦ 

нррΦ [ŀƴƎŜƴƪŀƳǇŜǊΣ DΦΣ Ŝǘ ŀƭΦΣ !ŎŎǳƳǳƭŀǘƛƻƴ ƻŦ ǇƭŀǎǘƛŘ ƭƛǇƛŘ-ŀǎǎƻŎƛŀǘŜŘ ǇǊƻǘŜƛƴǎ όŦƛōǊƛƭƭƛƴκ/5{tопύ ǳǇƻƴ ƻȄƛŘŀǘƛǾŜ 
ǎǘǊŜǎǎΣ ŀƎŜƛƴƎ ŀƴŘ ōƛƻǘƛŎ ǎǘǊŜǎǎ ƛƴ {ƻƭŀƴŀŎŜŀŜ ŀƴŘ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ŘǊƻǳƎƘǘ ƛƴ ƻǘƘŜǊ ǎǇŜŎƛŜǎΦ W 9ȄǇ .ƻǘΣ нллмΦ 
рнόослύΥ ǇΦ мрпр-рпΦ 

нрсΦ .ǊȊŜȊƻǿǎƪƛΣ tΦΣ !Φ{Φ wƛŎƘǘŜǊΣ ŀƴŘ .Φ DǊƛƳƳΣ wŜƎǳƭŀǘƛƻƴ ŀƴŘ ŦǳƴŎǘƛƻƴ ƻŦ ǘŜǘǊŀǇȅǊǊƻƭŜ ōƛƻǎȅƴǘƘŜǎƛǎ ƛƴ Ǉƭŀƴǘǎ 
ŀƴŘ ŀƭƎŀŜΦ .ƛƻŎƘƛƳ .ƛƻǇƘȅǎ !ŎǘŀΣ нлмрΦ муптόфύΥ ǇΦ фсу-урΦ 

нртΦ !ƭƭŜƴΣ aΦ5ΦΣ WΦ YǊƻǇŀǘΣ ŀƴŘ {Φ{Φ aŜǊŎƘŀƴǘΣ wŜƎǳƭŀǘƛƻƴ ŀƴŘ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ƛǎƻŦƻǊƳǎ ƻŦ ǘƘŜ ŀŜǊƻōƛŎ ƻȄƛŘŀǘƛǾŜ 
ŎȅŎƭŀǎŜ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ tƘƻǘƻŎƘŜƳ tƘƻǘƻōƛƻƭΣ нллуΦ упόсύΥ ǇΦ моос-пнΦ 

нруΦ !Σ ²ΦΣ ¢ƘŜ ǇȅǊŜƴƻƛŘ ŀǎ ŀ ǇƭŀŎŜ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ŦƻǊƳŀǘƛƻƴ ƛƴ ŀƭƎŀŜ ŎƘƭƻǊƻǇƭŀǎǘǎΦ LΦ !ǊŎƘ aƛƪǊƻōƛƻƭΣ мфсрΦ 
сόрнύΥ ǇΦ уΦ 

нрфΦ .Ŝƴ-{ƘŜƳΣ !ΦΣ CΦ CǊƻƭƻǿΣ ŀƴŘ bΦ bŜƭǎƻƴΣ [ƛƎƘǘ-ƘŀǊǾŜǎǘƛƴƎ ŦŜŀǘǳǊŜǎ ǊŜǾŜŀƭŜŘ ōȅ ǘƘŜ ǎǘǊǳŎǘǳǊŜ ƻŦ Ǉƭŀƴǘ 
ǇƘƻǘƻǎȅǎǘŜƳ LΦ tƘƻǘƻǎȅƴǘƘ wŜǎΣ нллпΦ умόоύΥ ǇΦ ноф-рлΦ 
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нслΦ aƻǎŜƭŜȅΣ WΦ[ΦΣ Ŝǘ ŀƭΦΣ wŜŎƛǇǊƻŎŀƭ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ǘǿƻ ŎŀƴŘƛŘŀǘŜ Řƛ-ƛǊƻƴ ŜƴȊȅƳŜǎ ŀŦŦŜŎǘƛƴƎ ǇƘƻǘƻǎȅǎǘŜƳ L ŀƴŘ 
ƭƛƎƘǘ-ƘŀǊǾŜǎǘƛƴƎ ŎƻƳǇƭŜȄ ŀŎŎǳƳǳƭŀǘƛƻƴΦ tƭŀƴǘ /ŜƭƭΣ нллнΦ мпόоύΥ ǇΦ сто-ууΦ 

нсмΦ Ǿƻƴ DǊƻƳƻŦŦΣ 9Φ5ΦΣ Ŝǘ ŀƭΦΣ IŜƳŜΣ ŀ ǇƭŀǎǘƛŘ-ŘŜǊƛǾŜŘ ǊŜƎǳƭŀǘƻǊ ƻŦ ƴǳŎƭŜŀǊ ƎŜƴŜ ŜȄǇǊŜǎǎƛƻƴ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎΦ 
tƭŀƴǘ /ŜƭƭΣ нллуΦ нлόоύΥ ǇΦ ррн-стΦ 

нснΦ ²ƘƛǘŜΣ wΦ!Φ ŀƴŘ WΦYΦ IƻƻōŜǊΣ .ƛƻƎŜƴŜǎƛǎ ƻŦ ¢ƘȅƭŀƪƻƛŘ aŜƳōǊŀƴŜǎ ƛƴ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛ ȅм ό! 
YƛƴŜǘƛŎ {ǘǳŘȅ ƻŦ Lƴƛǘƛŀƭ DǊŜŜƴƛƴƎύΦ tƭŀƴǘ tƘȅǎƛƻƭΣ мффпΦ млсόнύΥ ǇΦ руо-рфлΦ 

нсоΦ .ŀǊǘƘŜƭŜƳȅΣ ·ΦΣ Ŝǘ ŀƭΦΣ [ƻŎŀƭƛȊŀǘƛƻƴ ƻŦ b!5tI-ǇǊƻǘƻŎƘƭƻǊƻǇƘȅƭƭƛŘŜ ǊŜŘǳŎǘŀǎŜ ƛƴ ǇƭŀǎǘƛŘǎ ƻŦ ōŀǊƭŜȅ ŀǘ ŘƛŦŦŜǊŜƴǘ 
ƎǊŜŜƴƛƴƎ ǎǘŀƎŜǎΦ tƘƻǘƻǎȅƴǘƘŜǎƛǎ wŜǎŜŀǊŎƘΣ нлллΦ спόмύΥ ǇΦ со-тсΦ 

нспΦ aŀƭƴƻŜΣ tΦΣ {ΦtΦ aŀȅŦƛŜƭŘΣ ŀƴŘ WΦ5Φ wƻŎƘŀƛȄΣ /ƻƳǇŀǊŀǘƛǾŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ōƛƻƎŜƴŜǎƛǎ ƻŦ ǇƘƻǘƻǎȅǎǘŜƳ LL ƛƴ ǘƘŜ 
ǿƛƭŘ-ǘȅǇŜ ŀƴŘ ¸-м Ƴǳǘŀƴǘ ƻŦ /ƘƭŀƳȅŘƻƳƻƴŀǎ ǊŜƛƴƘŀǊŘǘƛƛΦ W /Ŝƭƭ .ƛƻƭΣ мфууΦ млсόоύΥ ǇΦ слф-мсΦ 

 



ρσφ 
 

 

!ǇǇŜƴŘƛȄ LΥ {ǳǇǇƭŜƳŜƴǘŀǊȅ CƛƎǳǊŜǎ όCƻǳǊǘŜŜƴ ƛƴ ǘƻǘŀƭύ 

9ƛƎƘǘ 9ȄŎŜƭ CƛƎǳǊŜǎ όLƴ ŀ ǎŜǇŀǊŀǘŜ ŦƻƭŘŜǊύ 

{ǳǇǇƭŜƳŜƴǘŀƭ CƛƎǳǊŜ оΦн !ƭƭ {м ǎŀƳǇƭŜǎ ƛƴŦƻǊƳŀǘƛƻƴΦ 

{ǳǇǇƭŜƳŜƴǘŀƭ CƛƎǳǊŜ оΦн !ƭƭ {н ǎŀƳǇƭŜǎ ƛƴŦƻǊƳŀǘƛƻƴΦ 

{ǳǇǇƭŜƳŜƴǘŀƭ CƛƎǳǊŜ оΦо tǊŜŘ!Ǝƭƻ ǊŜǎǳƭǘǎ ƻŦ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜΦ 

{ǳǇǇƭŜƳŜƴǘŀƭ CƛƎǳǊŜ оΦп !ƴƴƻǘŀǘƛƻƴǎ ƻŦ мтф ǇǊƻǘŜƛƴǎ ƛƴ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜΦ 

{ǳǇǇƭŜƳŜƴǘŀƭ CƛƎǳǊŜ оΦр tǊƻǘŜƛƴǎ ƛƴ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜ ǿŜǊŜ ŜƴŎƻŘŜŘ ōȅ [/L ƎŜƴŜǎΦ 

{ǳǇǇƭŜƳŜƴǘŀƭ CƛƎǳǊŜ оΦт tǊƻǘŜƛƴǎ ƛƴ ǇȅǊŜƴƻƛŘ ǇǊƻǘŜƻƳŜ ŦƻǳƴŘ ƛƴ ǎǘƻǊƳŀ ǇǊƻǘŜƻƳŜΦ 

{ǳǇǇƭŜƳŜƴǘŀƭ CƛƎǳǊŜ пΦм !ƴŀƭȅǎƛǎ ƻŦ ŎƘƭƻǊƻǇƘȅƭƭ ŘƛǎǘǊƛōǳǘƛƻƴ ƛƴ ȅмΦ 

{ǳǇǇƭŜƳŜƴǘŀƭ CƛƎǳǊŜ пΦн !ƴŀƭȅǎƛǎ ƻŦ thw ŘƛǎǘǊƛōǳǘƛƻƴ ƛƴ //рлоΦ 

 

 

 

 

 

 

 

 

 

 

 

 

 



ρσχ 
 

{ƛȄ tƛŎǘǳǊŜ CƛƎǳǊŜǎΥ 

 

 

 

 

 

 

 

 

 

 

{ǳǇǇƭŜƳŜƴǘŀǊȅ CƛƎ нΦм DǊƻǿǘƘ ǊŀǘŜǎΣ ƭŜǾŜƭǎ ƻŦ ƳŀǊƪŜǊ ǘǊŀƴǎŎǊƛǇǘǎ ŦƻǊ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎΣ ŀƴŘ 

Iнhн ŀƳƻǳƴǘǎ ƛƴ ǿƛƭŘ-ǘȅǇŜΣ ɲǊōŎ[ ŀƴŘ ɲw./{ ŎǳƭǘǳǊŜǎΦ  

!ύ DǊƻǿǘƘ ǊŀǘŜǎ ƻŦ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴΣ ɲǊōŎ[Σ ŀƴŘ ɲw./{ ǿŜǊŜ ƳƻƴƛǘƻǊŜŘ ǳǎƛƴƎ h5тнл 

ǾŀƭǳŜǎΣ ƳŜŀǎǳǊŜŘ ŀǘ нп Ƙ ǘƛƳŜ ǇƻƛƴǘǎΦ .ύ ¢ǊŀƴǎŎǊƛǇǘ ƭŜǾŜƭǎ ƻŦ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎ ƳŀǊƪŜǊ ƎŜƴŜǎ 

ǿŜǊŜ ƳŜŀǎǳǊŜŘ ǿƛǘƘ ǘƘŜ vǳŀƴǘƛƎŜƴŜн ŀǎǎŀȅ όtŀƴƻƳƛŎǎ LƴŎΦύΦ ¢ƘŜ ƳŀǊƪŜǊ ƎŜƴŜǎ ŦƻǊ ƻȄƛŘŀǘƛǾŜ 

ǎǘǊŜǎǎ ŀǊŜ Dt·р ό·aψллмсфурноύ ŀƴŘ D{¢{н ό·aψллмсффнмпύ ώнлтϐΦ ¢ǊŀƴǎŎǊƛǇǘ ƭŜǾŜƭǎ ǿŜǊŜ 

ƴƻǊƳŀƭƛȊŜŘ ǘƻ ǘƘŜ ƭŜǾŜƭ ƻŦ ǘƘŜ wt{нс ό·tψллмсфмфлмύ ǘǊŀƴǎŎǊƛǇǘΦ .ŀǊ ƘŜƛƎƘǘǎ ƛƴŘƛŎŀǘŜ ǘƘŜ 

ƳŜŀƴ ƭŜǾŜƭ ƻŦ ŜŀŎƘ ǘǊŀƴǎŎǊƛǇǘ ƎǊŀǇƘŜŘ ŀǎ ǘƘŜ ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ƭŜǾŜƭ ƛƴ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴΦ /ύ 

Iнhн ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƛƴ ŎǳƭǘǳǊŜǎ ƻŦ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ǎǘǊŀƛƴΣ ɲǊōŎ[Σ ŀƴŘ ɲw./{ ǿŜǊŜ ƳŜŀǎǳǊŜŘ ŀǘ 

ƘƻǳǊƭȅ ǘƛƳŜ Ǉƻƛƴǘǎ ƻǾŜǊ у Ƙ ŀƴŘ ƎǊŀǇƘŜŘ ŀǎ ǘƘŜ ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ƛƴƛǘƛŀƭ ŎƻƴŎŜƴǘǊŀǘƛƻƴ όпΦл ƳaύΦ 

9ǊǊƻǊ ōŀǊǎ ƛƴŘƛŎŀǘŜ ǘƘŜ ǎǘŀƴŘŀǊŘ ŜǊǊƻǊ ƻŦ ǘƘŜ ƳŜŀƴΦ 
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{ǳǇǇƭŜƳŜƴǘŀƭ CƛƎǳǊŜ нΦн w./[ ŎƻƳǇƭŜȄ ǿŀǎ ŘŜǘŜŎǘŜŘ ƛƴ ǘƘŜ ǿƛƭŘ-ǘȅǇŜ ŎŜƭƭǎ ōǳǘ ƴƻǘ ƛƴ ɲǊōŎ[Φ 

!ύ CǊŀŎǘƛƻƴ п ŀƴŘ мн ŦǊƻƳ ǘƘŜ ǇƻƭȅǎƻƳŜ ƛǎƻƭŀǘƛƻƴ ƻŦ ǿƛƭŘ-ǘȅǇŜ ŎŜƭƭǎ ǿŜǊŜ ŜȄŀƳƛƴŜŘ ōȅ ŀ ƴƻƴ-

ŘŜƴŀǘǳǊŜŘ ƎŜƭ ŀƴŘ ƛƳƳǳƴƻōƭƻǘ ōȅ ǘƘŜ ŀƴǘƛōƻŘȅ ŀƎŀƛƴǎǘ w./[Φ ¢ƘŜ ǾŜǊȅ ƛƴǘŜƴǎƛǾŜ ōŀƴŘ ƛƴ ǘƘŜ 

ǊŜŘ ǎǉǳŀǊŜ ƻƴ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ ŦƛƭƳ ƛƴŘƛŎŀǘŜŘ ǘƘŜ wǳōƛǎŎƻ ƘƻƭƻŜƴȊȅƳŜ όрсл Y5ŀύΦ ¢ƘŜ Ŧŀƛƴǘ 

ōŀƴŘ ƛƴ ǘƘŜ ǊŜŘ ǎǉǳŀǊŜ ƻƴ ǘƘŜ ōƻǘǘƻƳ ƛƴŘƛŎŀǘŜŘ ŀ ŎƻƳǇƭŜȄ ǿƛǘƘ w./[Φ .ύ ¢ƘŜ ŎǊǳŘŜ ƭȅǎŀǘŜ ƻŦ 

ɲǊōŎ[ ǿŀǎ ŀƭǎƻ Ǌǳƴ ƻƴ ǘƘŜ ƴƻƴ-ŘŜƴŀǘǊǳŜŘ ƎŜƭ ŀƴŘ ŜȄŀƳƛƴŜŘ ōȅ ƛƳƳǳƴƻōƭƻǘ ŦƻǊ w./[Φ IƛƎƘ 

ƳƻƭŜŎǳƭŀǊ ǿŜƛƎƘǘ ƳŀǊƪŜǊ ǿŀǎ ǳǎŜŘ ǘƻ ƛƴŘƛŎŀǘŜ ǘƘŜ ǎƛȊŜ ƻŦ ŎƻƳǇƭŜȄŜǎΦ 
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{ǳǇǇƭŜƳŜƴǘŀƭ CƛƎǳǊŜ нΦо  hǘƘŜǊ w./[ ŎƻƳǇƭŜȄŜǎ ǿŜǊŜ ŘŜǘŜŎǘŜŘ ƛƴ ɲw./{Φ 

tƻƭȅǎƻƳŜ ǇǊƻŦƛƭŜǎ ƛǎƻƭŀǘŜŘ ƛƴ ɲw./{ ǿŜǊŜ ŜȄŀƳƛƴŜŘ ōȅ ƴƻƴ-ŘŜƴŀǘǳǊŜŘ ƎŜƭΦ LƳƳǳƴƻōƭƻǘ 

ŀƴŀƭȅǎƛǎ ǿƛǘƘ ǘƘŜ ŀƴǘƛōƻŘȅ ŀƎŀƛƴǎǘ w./[ ǎƘƻǿŜŘ ǘƘŜǊŜ ǿŜǊŜ ƻǘƘŜǊ w./[ ŎƻƳǇƭŜȄŜǎ ŀǘ 

ŘƛŦŦŜǊŜƴǘ ǎƛȊŜǎ ƻǘƘŜǊ ǘƘŀƴ ŀǊƻǳƴŘ млл Y5ŀ ƛƴ ǘƘŜ ǘƻǇ м-с όǊŜŘ ǎǉǳŀǊŜύΦ IƛƎƘ ƳƻƭŜŎǳƭŀǊ ǿŜƛƎƘǘ 

ƳŀǊƪŜǊ ǿŀǎ ǳǎŜŘ ǘƻ ŎŀƭŎǳƭŀǘŜ ŀǇǇǊƻȄƛƳŀǘŜ ǎƛȊŜ ƻŦ ǘƘŜ ŎƻƳǇƭŜȄΦ 
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{ǳǇǇƭŜƳŜƴǘŀƭ CƛƎǳǊŜ оΦм {ŀǇƻƴƛƴ ǎƻƭǳōƛƭƛȊŜŘ ǘƘŜ ǇƭŀǎƳŀ ƳŜƳōǊŀƴŜ ǇǊƛƻǊ ǘƻ ŎƘƭƻǊƻǇƭŀǎǘ 

ƛǎƻƭŀǘƛƻƴΦ   

[ƛƎƘǘ ƳƛŎǊƻǎŎƻǇȅ ǿŀǎ ǳǎŜŘ ǘƻ ƻōǎŜǊǾŜ ǘƘŜ ǎƘŀǇŜ ƻŦ ŎŜƭƭǎ ƻǊ ŎƘƭƻǊƻǇƭŀǎǘǎ ƛƴ ŘƛŦŦŜǊŜƴǘ ǎƻƭǳǘƛƻƴΦ 

/Ŝƭƭǎ ƛƴ ƛǎƻƭŀǘƛƻƴ ōǳŦŦŜǊ ǎƘƻǿŜŘ ƛǊǊŜƎǳƭŀǊ ǎƘŀǇŜ ōŜŎŀǳǎŜ ƛǎƻƭŀǘƛƻƴ ōǳŦŦŜǊ ƛǎ ƘȅǇŜǊǘƻƴƛŎ ǘƻ ǘƘŜ 

ŎȅǘƻǇƭŀǎƳŀΦ {ŀǇƻƴƛƴ ǘǊŜŀǘŜŘ ŎŜƭƭǎ ǎǿŜƭƭŜŘ ǘƻ ǘƘŜ ƴƻǊƳŀƭ ǎƘŀǇŜ ōŜŎŀǳǎŜ ǘƘŜ ǇƭŀǎƳŀ 

ƳŜƳōǊŀƴŜ ǿŀǎ ǎƻƭǳōƛƭƛȊŜŘΦ ¢ƘŜ ŎǳǇ-ƭƛƪŜ ŎƘƭƻǊƻǇƭŀǎǘǎ ǿŜǊŜ ŘŜǘŜŎǘŜŘ ƛƴ ǘƘŜ ǘƘƛǊŘ ǇƛŎǘǳǊŜ ǘƻ 

ǎƘƻǿ ǎǳŎŎŜǎǎŦǳƭ ƛǎƻƭŀǘƛƻƴ ƻŦ ŎƘƭƻǊƻǇƭŀǎǘΦ 
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{ǳǇǇƭŜƳŜƴǘŀƭ CƛƎǳǊŜ оΦс LƳƳǳƴƻǇǊŜŎƛǇƛǘŀǘƛƻƴ ƻŦ ǇȅǊŜƴƻƛŘ ŦǊƻƳ ŎǊǳŘŜ ǇȅǊŜƴƻƛŘ ǇŜƭƭŜǘ ǿƛǘƘ 

ŀƴǘƛōƻŘƛŜǎΦ 

¢ƘǊŜŜ ŀƴǘƛōƻŘƛŜǎ ǿŜǊŜ ǳǎŜŘ ǘƻ ŦǳǊǘƘŜǊ ƛƳƳǳƴƻǇǊŜŎƛǇƛǘŀǘŜŘ ǇȅǊŜƴƻƛŘΤ ŀ ǇƻƭȅŎƻƭƻƴŀƭ ŀƴǘƛōƻŘȅ 

ŀƎŀƛƴǎǘ w./[Σ ŀƴ ŀŦŦƛƴƛǘȅ ǇǳǊƛŦƛŜŘ ŀƴǘƛōƻŘȅ ŀƎŀƛƴǎǘ w./[ ό!C w./[ύ ŀƴŘ ŀƴ ŀŦŦƛƴƛǘȅ ǇǳǊƛŦƛŜŘ 

ŀƴǘƛōƻŘȅ ŀƎŀƛƴǎǘ w./{ ό!C w./{ύΦ tǊŜ-ƛƳƳǳƴŜ w./[ ǿŀǎ ǳǎŜŘ ŀǎ ŀ ƴŜƎŀǘƛǾŜ ŎƻƴǘǊƻƭ ƻŦ ǘƘŜ 

ŜȄǇŜǊƛƳŜƴǘΦ ! ōŀƴŘ ŀǊƻǳƴŘ мр Y5ŀ ǿƘƛŎƘ ƛƴŘƛŎŀǘŜŘ ǘƘŜ ǎƛȊŜ ƻŦ w./{ ǿŀǎ ŦƻǳƴŘ ƻƴ ǘƘŜ ǎƛƭǾŜǊ 

ǎǘŀƛƴƛƴƎ ƎŜƭ ǿƛǘƘ ǘƘŜ ǎŀƳǇƭŜǎ ǇǳƭƭŜŘ ƻǳǘ ōȅ ǘǿƻ ŘƛŦŦŜǊŜƴǘ w./[ ŀƴǘƛōƻŘƛŜǎ ό[ŀƴŜ м ŀƴŘ нύΦ ¢Ƙƛǎ 

ōŀƴŘ ǿŀǎ ŀōǎŜƴǘ ƛƴ ƴŜƎŀǘƛǾŜ ŎƻƴǘǊƻƭ ό[ŀƴŜ пύΦ Lƴ ǘƘŜ w./{ ŀƴǘƛōƻŘȅ Ǉǳƭƭ ƻǳǘ ǊŜǎǳƭǘΣ ŀ ōŀƴŘ ŀǘ 

ǘƘŜ ǎƛȊŜ ƻŦ w./[ ǿŀǎ ŀƭǎƻ ŦƻǳƴŘ ό[ŀƴŜ оύΦ aƻƭŜŎǳƭŀǊ ǿŜƛƎƘǘ ƳŀǊƪŜǊ ǿŀǎ ǳǎŜŘ ǘƻ ƛƴŘƛŎŀǘŜ ǘƘŜ 

ǎƛȊŜΦ 
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{ǳǇǇƭŜƳŜƴǘŀƭ CƛƎǳǊŜ оΦу Cŀƛƴǘ wb! ǎǘŀƛƴƛƴƎ ǿŀǎ ŦƻǳƴŘ ƛƴ ǘƘŜ ǇȅǊŜƴƻƛŘΦ 

{¸¢hϯ wb!{ŜƭŜŎǘϰ DǊŜŜƴ CƭǳƻǊŜǎŎŜƴǘ /Ŝƭƭ {ǘŀƛƴ (Life technology) ǿŀǎ ǳǎŜŘ ǘƻ ǎǘŀƛƴ ǘƘŜ ŎŜƭƭǎ 

όƎǊŜŜƴύΦ bǳŎƭŜǳǎ ŀƴŘ ǎƻƳŜ ƴǳŎƭŜƻƛŘǎ ǿŜǊŜ ǎǘŀƛƴƛƴƎ ōȅ 5!tL όōƭǳŜύΦ aƻǎǘ ǎƛƎƴŀƭ ƻŦ wb! ǿŀǎ 

ǎƘƻǿŜŘ ƛƴ ƴǳŎƭŜǳǎ ŀƴŘ ǇǳƴŎǘŀǘŜŘ ŦƻŎƛ ƛƴ ŎȅǘƻǇƭŀǎƳ ƻǊ ŎƘƭƻǊƻǇƭŀǎǘΦ tȅǊŜƴƻƛŘ ǿŀǎ Ŧŀƛƴǘƭȅ 

ǎǘŀƛƴŜŘ ǿƛǘƘ ǘƘŜ wb! ǎŜƭŜŎǘ ŘȅŜΦ 
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ABSTRACT 

The oxidation of biological molecules by reactive oxygen species can render them inactive or 

toxic. This includes the oxidation of RNA, which appears to underlie detrimental effects of 

oxidative stress, aging, and certain neurodegenerative diseases. Here we investigate the 

management of oxidized RNA in the chloroplast of the green alga Chlamydomonas 

reinhardtii. Results of immunofluorescence microscopy reveal oxidized RNA (with 8-

hydroxyguanine) in the pyrenoid, a chloroplast microcompartment where CO2 is assimilated 

by the Calvin cycle enzyme Rubisco. Results of genetic analyses and biochemical 

fractionation reveal that RBCL, the Rubisco large subunit, controls the level of oxidized 

RNA. This represents a dual ñmoonlightingò function of RBCL, possibly related to its known 

RNA-binding activity. Results of preliminary experiments in human (HeLa) cells reveal 

oxidized RNA is localized to cytoplasmic foci which are distinct from stress granules, 

processing bodies, and mitochondria. Our results support a role of RBCL and the pyrenoid in 

the control of oxidized RNA in algal chloroplasts and suggest that the compartmentalization 

of oxidized RNA quality control is a general phenomenon. 
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INTRODUCTION 

The oxidation of biological molecules by reactive oxygen species (ROS) can render them 

inactive or toxic (Holmstrom and Finkel, 2014). While DNA, lipids and proteins have long 

been considered as critical intracellular targets of oxidation, recent evidence suggests roles of 

RNA oxidation in oxidative stress, aging, and certain neurodegenerative diseases (Wurtmann 

and Wolin, 2009). For example, the translation of oxidized mRNAs generates aberrant 

proteins (Tanaka et al., 2007; Nunomura et al., 2009) and elevated RNA oxidation in neurons 

is associated with Alzheimer disease, Parkinson disease, dementia with Lewy bodies and 

amyotrophic lateral sclerosis (Nunomura et al., 2009).  

Molecular quality control systems specifically recognize oxidized molecules and 

subject them to repair, sequestration, or degradation (Stoecklin and Bukau, 2013). Quality 

control systems have been characterized for oxidized DNA, proteins, and lipids, but not for 

oxidized RNA (Wurtmann and Wolin, 2009). However, oxidized RNA quality control may 

involve YB-1, Auf1 and PNPase because these proteins bind oxidized RNA and control its 

accumulation (Li et al., 2014). Moreover, the intracellular location(s) of oxidized RNA quality 

control in eukaryotic cells have been hypothesized to include stress granules (SGs) and 

processing bodies (PBs) (Wurtmann and Wolin, 2009; Thomas et al., 2011; Walters and 

Parker, 2014). For SGs, this is supported by their recruitment of YB-1 and Auf1, and their 

formation under oxidative stress conditions when excess ROS causes oxidative damage 

(Onishi et al., 2008; Bravard et al., 2010; Tanaka et al., 2014). Similarly, PBs increase in size 

and number during oxidative stress and they contain mRNA degradation machinery, a 

component of RNA quality control (Thomas et al., 2011; Walters and Parker, 2014). While 

our understanding of the quality control of oxidized RNA is advancing, the precise 

intracellular locations are still unknown. 

 In the chloroplasts of plants and green algae, antioxidant systems and molecular 

quality control are particularly important because photosynthesis produces ROS as hydrogen 



ρτφ 
 

peroxide (H2O2), singlet oxygen, superoxide and the hydroxyl radical (Foyer and Shigeoka, 

2011). Moreover, chloroplasts have a genome and a gene expression system which are targets 

of oxidation and mutagenesis by ROS (Wurtmann and Wolin, 2009; Zheng et al., 2014). 

While chloroplasts are known to have quality control systems for oxidized DNA, proteins, 

and lipids (Apel and Hirt, 2004), nothing is known about how they manage oxidized RNAs.  

An avenue to study RNA quality control and  its localization in chloroplasts arose with 

our discovery of SG-like bodies that form during oxidative stress in the chloroplast of the 

unicellular green alga Chlamydomonas reinhardtii (hereafter ñChlamydomonasò) (Uniacke 

and Zerges, 2008). These ñchloroplast stress granulesò (cpSGs) were seen by confocal 

fluorescence microscopy as stress-induced foci containing mRNAs encoded by the 

chloroplast genome and SG marker proteins. cpSGs form at the inner perimeter of the 

pyrenoid, a micro-compartment in the chloroplasts of most algae where CO2 fixation is 

catalyzed by the Calvin cycle enzyme ribulose bisphosphate carboxylase/oxygenase 

(Rubisco) (McKay and Gibbs, 1991). cpSGs are enriched in the large subunit of Rubisco, 

RBCL, but not the Rubisco holoenzyme; they are not similarly enriched in the small subunit 

of this complex, RBCS (Uniacke and Zerges, 2008). The RBCL in cpSGs might function in 

RNA metabolism because, under oxidizing conditions, the protein has been shown to acquire 

an RNA-binding activity and form aggregates which might represent a biochemical form of 

cpSGs (Yosef et al., 2004; Knopf and Shapira, 2005). Together, these results suggest that 

cpSGs, RBCL, and the pyrenoid have some undefined role(s) in chloroplast RNA metabolism 

during stress. This hypothesis and the previously reported role of RBCL in autoregulatory 

feedback translational repression are mutually compatible (Cohen et al., 2006).  

Here we show that oxidized RNA localizes to the pyrenoid with results of 

immunofluorescence (IF) microscopy using an antibody against a major oxidized base in 

RNA and DNA, 8-hydryoxyguanine (8-oxoG) (Nunomura et al., 1999; Wurtmann and Wolin, 

2009). We also show that RBCL controls the level of oxidized RNA in the chloroplast and 
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does so independently of its function as a subunit of the Rubisco holoenzyme. We extend our 

discovery of the localization of oxidized RNA to human cells by showing that HeLa cells 

under arsenite-induced oxidative stress localize oxidized RNA to cytoplasmic foci which are 

neither SGs nor PBs. Our results reveal a factor involved in the control of oxidized RNA in an 

algal chloroplast and suggest that the compartmentalization of oxidized RNA quality control 

is a general phenomenon. 

RESULTS 

Oxidized RNA localizes within the pyrenoid.  

We characterized the distribution of oxidized RNA in Chlamydomonas cells by IF 

microscopy using an antibody against 8-oxoG. The IF signal was specific because it was 

eliminated when the antibody was incubated with 8-oxoG prior to staining (Fig. 1 A and B).  

Inspection of cell images revealed higher 8-oxoG IF signal in the chloroplast than in the 

central region with the nucleus and most cytosolic compartments (Fig. 1 A). The 8-oxoG IF 

signal was seen in two distinct patterns; throughout the pyrenoid and in punctate foci located 

in or near the chloroplast. In order to determine whether these patterns represent 8-oxoG in 

DNA or RNA, we used two approaches. First, we co-stained cells with DAPI, to visualize the 

nucleus and the chloroplast nucleoids (the latter contain the multicopy chloroplast genome). 

These DNA-containing structures only weakly IF-stained for 8-oxoG (Fig. 1 A) and were 

clearly distinct from the 8-oxoG IF-staining of the pyrenoid and foci. Therefore, most of the 

8-oxoG detected with this method is not in the genomic DNA of either the nucleus or 

chloroplast. Second, we asked whether RNase or DNase treatment altered the 8-oxoG IF-

staining of the pyrenoid, the foci, or both. Cells (fixed and permeabilized) were exposed to 

either RNase or DNase prior to staining with the 8-oxoG antibody and DAPI. The 8-oxoG IF 

signal in the pyrenoid was eliminated by treatment with RNase, but not DNase, revealing that 

it represents oxidized RNA (Fig. 1 C). By contrast the 8-oxoG IF signal in most punctate foci 

was eliminated by treatment with DNase, but not with RNase, revealing that it represents 
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oxidized DNA (Fig. 1 D). These foci could be the DNA of mitochondria, which are localized 

adjacent to the chloroplast (Rasala et al., 2014). These foci were not explored further here. 

DNase treatment often generated a diffuse 8-oxoG IF signal throughout the chloroplast for 

unknown reasons (Fig. 1 D). 

We focused on the 8-oxoG IF-staining of the pyrenoid because it represents oxidized 

RNA and was atypical; we did not see this pattern for any of four chloroplast mRNAs or nine 

chloroplast proteins that we analyzed previously (not including RBCL and RBCS, which were 

seen in the pyrenoid) (Uniacke and Zerges, 2007; Uniacke and Zerges, 2008; Uniacke and 

Zerges, 2009; Schottkowski et al., 2012; Bohne et al., 2013). Therefore, 8-oxoG IF-staining of 

the pyrenoid represents the specific localization of oxidized RNA and is not due, for example, 

to nonspecific entry into the pyrenoid of RNA from the surrounding stroma, the ñcytoplasmò 

of the chloroplast.  

      When cells were exposed to H2O2, a ROS used to induce oxidative stress, the 

percentage in which the pyrenoid IF-stained for 8-oxoG increased from 44% (n=215) to 64% 

(n=189). This result suggests that oxidized RNA localizes to the pyrenoid for quality control.  

      Oxidized RNA did not localize to cpSGs, which were IF-stained for two marker 

proteins; RBCL or a protein of the 30S subunit of the chloroplast ribosome (Fig. 1 E and F) 

(Uniacke and Zerges, 2008). During the stress induced by H2O2 cpSGs formed, but the 8-

oxoG IF signal remained throughout the pyrenoid (Fig. 1 E and F). This result suggests that 

cpSGs do not accumulate oxidized RNA.  

Oxidized RNA localizes to foci in cultured mammalian cells. 

  To determine whether the compartmentalization of oxidized RNA is a general 

phenomenon, we asked whether it occurs in human cells. HeLa cells were treated with the 

oxidative stressor arsenite and then IF-stained for 8-oxoG. The 8-oxoG IF signal was detected 

in multiple cytoplasmic foci in more than 40% of these cells, as compared to 5% of untreated 

cells (Fig. 2 A). These foci were distinct from SGs and PBs, which were IF-stained for marker 
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proteins specific to each of these RNA granule types (Fig. 2 A and B). They were also not 

within mitochondria and therefore could not be oxidized RNA or DNA of the mitochondrial 

genetic system (Fig. 2 C). Nuclei also had 8-oxoG-containing bodies, which appear to be 

nucleoli (Lee et al., 2014). RNA with 8-oxoG, and not DNA, was detected in these bodies, 

both cytoplasmic and nuclear, because they did not stain for DNA with DAPI and they were 

not detected in RNase-treated cells (Fig. 2 A). These results reveal that mammalian cells 

compartmentalize oxidized RNA to cytoplasmic structures, which we name here ñoxidized 

RNA bodiesò (ORBs). They also substantiate the localization of oxidized RNA to nucleoli 

reported previously (Nunomura et al., 1999). 

RBCL controls the level of oxidized RNA in the chloroplast. 

      Returning to the chloroplast; we hypothesized that RBCL functions in the quality control 

of oxidized RNA based on the localization of 8-oxoG RNA to the pyrenoid, the fact that 

RBCL is a major protein of the pyrenoid, and the evidence that RBCL has a dual function 

involving RNA during stress (Yosef et al., 2004). For example, RNA bound by RBCL might 

be protected from oxidation, repaired of oxidative damage, or be directed to the RNA 

degradation machinery of the chloroplast. To test this hypothesis, we asked if an RBCL 

knockout mutant, MX3312 (hereafter ñȹrbcLò), has an elevated level of 8-oxoG in RNA. The 

results of immuno-slot-blot analyses revealed a significantly higher mean level of 8-oxoG in 

RNA from ȹrbcL than in RNA from the wild-type strain (Fig. 3 A). Therefore, RBCL is 

required to control oxidized RNA. This oxidized RNA is probably from the chloroplast 

because RBCL is a chloroplast protein and most 8-oxoG RNA was detected in this organelle 

(Fig. 1).  

The elevated level of oxidized RNA in ȹrbcL is not due to Rubisco-deficiency because 

it was not detected in another Rubisco-deficient mutant, one that lacks RBCS, but has RBCL 

(ȹRBCS-CAL005.01.13, hereafter ñȹRBCSò) (Fig. 3 A) (Dent et al., 2005). On the contrary, 

RNA from ȹRBCS showed an even lower mean level of 8-oxoG than that of the wild-type 
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strain (Fig. 3 A). This surprising phenotype is not due to genetic background because 

transformation of ȹRBCS with a wild-type copy of RBCS2 restored the mean level of 8-oxoG 

RNA to nearly that of the wild-type strain (Fig. 3 A). This low level of 8-oxoG in RNA from 

ȹRBCS is also not due to a deficiency for some unknown RBCS function because a mutant 

lacking both RBCL and RBCS was found to have a high mean level of 8-oxoG in RNA, 

similar to that of ȹrbcL (Fig. 3 A). Based on these results, we conclude that RBCL controls 

the level of oxidized RNA independently of Rubisco.  

     Exposure of the cells to H2O2 did not significantly change the mean level of 8-oxoG 

RNA from wild type, ȹrbcL, or ȹRBCS (Fig. 3 A). This RBCL-dependent control of oxidized 

RNA under both non-stress and stress conditions supports a constitutive role of RBCL in 

controlling oxidized RNA. 

      RBCL probably does not control the level of oxidized DNA, because similar mean 

levels of 8-oxoG were detected in total DNA from ȹrbcL and the wild-type strain (Fig. 3 B). 

While the level of 8-oxoG was higher in DNA from ȹrbcL than in DNA from ȹRBCS, this 

difference was 1.4-fold versus 10-fold for the same comparison of 8-oxoG in RNA (described 

above) (Fig. 3 A). Moreover, as stated above, chloroplast nucleoids did not IF-stain for 8-

oxoG (Fig. 1 A and C).Treatment of cultures with H2O2 increased the variability in the level of 

8-oxoG in DNA between biological replicate experiments but did not increase the mean levels 

relative to DNA from the non-treated cultures (Fig. 3 B). No differences in mean levels of 

oxidized protein were found between the wild-type strain, ȹrbcL, or ȹRBCS mutant strains, 

measured as carbonylated amino acid residues in total protein (Fig. 3 C). Therefore, our 

results do not support a role of RBCL in controlling the levels of oxidized DNA or protein. 

Biochemical evidence of an RBCL pool that controls the level of oxidized RNA. 

Our finding that RBCL has a Rubisco-independent function in the control of oxidized 

RNA suggests the existence of a pool of the protein that carries out this function which is 

distinct from the RBCL in the Rubisco holoenzyme. Therefore, we carried out biochemical 
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fractionation experiments to identify such an RBCL pool. In addition to the major RBCL pool 

of the Rubisco holoenzyme, three forms of RBCL are known. Two forms of RBCL were 

detected in cells undergoing oxidative stress or senescence: one was in insoluble aggregates 

(Knopf and Shapira, 2005) and the other was membrane-associated (Knopf and Shapira, 

2005; Marin-Navarro and Moreno, 2006). In addition, RBCL that is newly synthesized and 

unassembled was proposed to autoregulate rbcL translation during oxidative stress (Cohen et 

al., 2005). To determine whether the RBCL that controls the level of these pools, we 

developed a differential centrifugation scheme to separate soluble and insoluble proteins into 

three fractions (Fig. 4 B): S16 has soluble proteins; P16-TS has insoluble proteins that can be 

solubilized by Triton X-100, e.g. membrane proteins; and P16-TI has insoluble proteins that 

cannot be solubilized by Triton X-100.  

Analyses of fractions from the wild-type strain revealed that S16 had both RBCL and 

RBCS, representing Rubisco holoenzyme (Fig. 4 C). Detection of other RBCL forms in 

fractions of wild -type strains was hampered by contamination of most subcellular fractions 

by of the Rubisco holoenzyme due to its extremely high abundance (Spreitzer, 2003). For 

example, fraction P16-TI from the wild-type strain contained both RBCL and RBCS, 

presumably in the Rubisco holoenzyme (Fig. 4 C). This contamination was not a problem 

with ȹRBCS because it lacks the Rubisco holoenzyme, it accumulates RBCL to only 1-10% 

of the wild-type level (Fig. 4 A), and it has enhanced RBCL function in the control of 

oxidized RNA (Fig. 3 A). Therefore, we presumed that most RBCL in ȹRBCS represents a 

pool dedicated to the control of oxidized RNA in the chloroplast. Analysis of fractions 

obtained from ȹRBCS cells revealed RBCL primarily in P16-TI and, as expected (because this 

mutant lacks Rubisco), only in trace amounts in S16 (Fig. 4 D). The RBCL in P16-TI from 

ȹRBCS is not newly synthesized because this form is soluble, as revealed by 
35
S-pulse-

labelling (Fig. 4 E). Furthermore, this RBCL is probably not insoluble due to membrane-

association, because it was not with detergent-solubilized membrane proteins in P16-TS (Fig. 
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4 C and D). These results suggest that the major form of RBCL in ȹRBCS differs in 

physiochemical properties from the soluble RBCL pools of the Rubisco holoenzyme and the 

newly synthesized protein. Therefore, this RBCL could represent a pool of the protein that is 

dedicated to the control of oxidized RNA in the chloroplast.  

To address the possibility that the RBCL in the P16-TI fraction from ȹRBCS represents 

the form in cpSGs, we asked whether P16-TI has another feature of cpSGs; enrichment in the 

30S subunit of the chloroplast ribosome over the 50S subunit (Uniacke and Zerges, 2008). 

Indeed, results of immunoblot analyses revealed a greater proportion of the 30S subunit pool 

in P16-TI fractions, whereas the 50S subunit pool was not similarly enriched. This difference 

was observed in analyses of both ȹRBCS and the wild-type strain (Fig. 4 C, D). However, 

while stress induces the recruitment of RBCL and 30S subunits to cpSGs, neither shifted from 

the soluble pool (S16) to P16-TI when cells were exposed to H2O2 (Fig. 4 C and D). This 

result provides further support of a constitutive role of RBCL in the control of oxidized RNA 

is constitutive and raises the possibility that cpSGs are a manifestation of an RBCL-

containing ribonucleoprotein particle that exists at the submicroscopic level under non-stress 

conditions (see Discussion). 

Survival under oxidative stress inversely correlates with the level of oxidized RNA  

           To obtain evidence that the differential levels of oxidized RNA in the wild-type and 

mutant strains (Fig. 3 A) have relevance in vivo, we tested ȹrbcL for impaired tolerance to 

stress induced by exogenous H2O2. ȹRBCS was again used to control for the effects of 

Rubisco-deficiency. Cultures of the wild-type strain, ȹrbcL, and ȹRBCS were exposed to a 

toxic concentration of H2O2 (4.0 mM) and the percentage of live cells was monitored over 8 h 

(Fig. 5 A). The results revealed that ȹrbcL cells died significantly faster than did the wild-type 

cells. Therefore, the elevated level of oxidized RNA in ȹrbcL correlates with impaired H2O2 

tolerance. ȹRBCS exhibited H2O2 hypertolerance, measured both as cell survival (Fig. 5 A) 

and in a more stringent assay of viability, as the percent initial colony forming unit 
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concentration (Fig. 5 B). Therefore, in ȹRBCS, the low mean level of oxidized RNA and H2O2 

hypertolerance are both opposite to loss-of-function phenotypes for these traits in ȹrbcL. 

Similarly, the rescued ȹRBCS mutant (by transformation with RBCS2) showed wild-type 

H2O2 tolerance (Fig. 5 C) and a wild-type mean level of oxidized RNA (Fig. 3A). Finally, like 

ȹrbcL, the mutant for both RBCL and RBCS showed impaired H2O2 tolerance and a high 

oxidized RNA level (Fig. 5 D). These differences in H2O2 tolerance did not reflect inherent 

differences in growth rate, transcript levels of oxidative stress marker genes, or the rate of 

H2O2 degradation in the medium (Fig. S1). Thus, biological relevance of the differential levels 

of oxidized RNA detected in vitro is supported the role of RBCL in H2O2 tolerance in vivo.

  

 

 

 

DISCUSSION 

Our results reveal oxidized RNA in the pyrenoid of an algal chloroplast and in 

cytoplasmic ORBs in cultured human cells (Fig. 1 and 2). These findings in such 

phylogenetically distant genetic systems suggest that the compartmentalization of oxidized 

RNA has fundamental significance. Compartmentalization of DNA and protein quality control 

is well documented and is believed to have several functions (Stoecklin and Bukau, 2013; 

Adjibade and Mazroui, 2014; Walters and Parker, 2014). The sequestration of damaged 

molecules prevents them from interfering with the processes in which they normally function. 

It prevents the degradation or attempted repair of undamaged substrates. Finally, 

compartmentalization could enhance local concentrations of substrate molecules and quality 

control factors to establish favorable thermodynamic parameters that favor forward reactions 

in, for example, repair or degradation. Our results open avenues to study the role of 

compartmentalization in RNA quality control.  
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Our results show that RBCL controls the level of oxidized RNA in the chloroplast 

(Fig. 3) and is a determining factor in H2O2 tolerance (Fig. 5). These functions are 

independent of Rubisco and, therefore, could explain the evolutionary retention of RBCL in 

plant and algal lineages that have lost photosynthesis (Krause, 2008). We also identify an 

insoluble RBCL pool that is not part of the Rubisco holoenzyme and could carry out this dual 

ñmoonlightingò function (Fig. 4). This explains non-colocalization of the IF signal from 8-

oxoG RNA in the pyrenoid with the strongest patches of RBCL IF signal, which was probably 

Rubisco holoenzyme. Recently, evidence of an extra-Rubisco RBCL pool was reported; 

results of quantitative mass spectrometry analysis in Chlamydomonas revealed that RBCL 

accumulates several fold above the equal stoichiometric amount with RBCS required in the 

Rubisco holoenzyme complex (Recuenco-Mu¶oz et al., 2015). RBCL appears to be a 

particularly critical and determining factor in the control of oxidized RNA in the chloroplast; 

if any other factor would function more so, then the RBCL in ȹRBCS would not be able to 

lower the level of oxidized RNA (Fig. 3 A) or enhance the H2O2 tolerance (Fig. 5 A and B), 

relative to wild- type. In ȹRBCS, the enhanced level of RBCL activities in controlling 

oxidized RNA and H2O2 tolerance could, for example, be due to greater availability of the 

protein for these functions when it cannot be assembled in the Rubisco holoenzyme.  

Our results also support the inclusion of RBCL in a class of metabolic proteins that 

have dual functions as RNA-binding proteins (Yosef et al., 2004). This class of proteins has 

been proposed to coordinate metabolism and gene expression and to enhance the functional 

diversity of proteomes (Hentze and Preiss, 2010). For only a few such proteins has evidence 

of the dual function been demonstrated in vivo, as we have done here for RBCL. 

How RBCL controls oxidized RNA remains to be determined. This could involve the 

protection of undamaged RNA from ROS or selection of oxidized RNA for sequestration 

from translated pool, repair, or degradation. Our finding that the IF signal from 8-oxoG RNA 

was not enriched in cpSGs (Fig. 1 E and F) is inconsistent with sequestration of oxidized 
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RNA, but compatible with the other mechanisms. For example, cpSGs would not accumulate 

oxidized RNA if they protect non-oxidized RNA from ROS and might not if they rapidly 

degrade or repair oxidized RNA. Nevertheless, it remains to be determined whether or cpSGs 

function in the quality control of oxidized RNA.  

Our findings have potential relevance to the biology of SGs and PBs. These RNA 

granules have been implicated in fundamental cell biological processes, but their functions 

and physiochemical properties are only partially understood. Our results reveal an extra-

Rubisco biochemical pool of RBCL which is insoluble, a feature that might be expected of 

cpSG proteins because cpSGs are aggregates of RNA and protein and insolubility in Triton X-

100 is a property of PB proteins (Teixeira et al., 2005). Furthermore, the P16-TI fraction with 

this RBCL pool, like cpSGs, has an excess of the 30S subunit of the chloroplast ribosome 

over the 50S subunit (Fig. 4). But even under non-stress conditions, when most cells do not 

have cpSGs, RBCL was detected in the insoluble form and shown to control oxidized RNA 

under non-stress conditions, when most cells do not have cpSGs (Fig. 3). Together, these 

results suggest that RBCL controls oxidized RNA at the submicroscopic level, independently 

of cpSGs, and constitutively. Whether or not SGs and PBs also have these features remains to 

be determined.  

Oxidized RNA arises under optimal growth conditions and the mean level did not to 

increase during stress (Fig. 3). RNA oxidation might result from ROS produced as a 

byproduct of photosynthesis, which occurs under both non-stress and stress conditions 

{Foyer, 2009 #3516}. Moreover, a presumed detrimental nature of oxidized RNA in the 

chloroplast seems at odds with the wild-type growth rate ȹrbcL despite its having an elevated 

level of oxidized RNA (relative to wild-type) (Fig. 3 A and Fig. S1 A). Our results are 

consistent with a certain level of oxidized RNA being benign under optimal conditions 

(Fig.S1 A) and becoming detrimental in the presence of H2O2 (Fig. 5). For example, oxidized 

bases in chloroplast mRNAs could result in the synthesis of aberrant iron-binding proteins 
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with Fenton activity (conversion of H2O2 to the highly toxic hydroxyl radical) and  thereby 

potentiate the toxicity of H2O2 (Foyer and Noctor, 2009).  

 

MATERIALS AND METHODS 

Culturing of C. reinhardtii. The wild-type strain was 4A+ (CC-4051); ȹrbcL was CC-4696 

(MX3312) (Dr. Genhai Zhu, Pioneer Hi-Brid) (Satagopan and Spreitzer, 2004); ȹRBCS was 

CAL005.01.13 (dim1) (Dent et al., 2005). ȹrbcL and ȹRBCS are non-photosynthetic, but fully 

viable under heterotrophic conditions (Satagopan and Spreitzer, 2004). Because Rubisco 

mutants are highly light-sensitive (Johnson, 2011), all cultures were grown and tested under 

heterotrophic conditions; in the dark on Tris-acetate phosphate (TAP) medium, at 24ϊC, with 

orbital shaking (Gorman and Levine, 1965). To generate the complemented ȹRBCS strain, the 

wild-type RBCS2 gene (on plasmid pSS2) (Khrebtukova and Spreitzer, 1996) was introduced 

into ȹRBCS by glass bead-mediated transformation as described previously (Purton, 2007). 

The double mutants for rbcL and the RBCS locus (RBCS1 and RBCS2) were obtained from a 

cross between ȹrbcL (mt+) and ȹRBCS (mt-). It was critical to use cultures in exponential 

growth phase and in the density range of 2-4 x 10
6
 cells/ml. 

C. reinhardtii microscopy and IF-staining. The IF protocol for C. reinhardtii was reported 

previously (Uniacke et al., 2011). To induce cpSG formation, live cells were treated with 2.0 

mM H2O2 for 15 min prior to fixation. Where indicated, fixed and permeabilized cells were 

treated for 1h at 37ϊC with 10 µg/ml RNase A (Fermentas) or 50 µg/ml DNase I (Invitrogen). 

8-oxoG was immunodetected with a monoclonal mouse antibody (QED Bioscience Inc., 

clone 15A3). The specificity of this antibody in situ was confirmed by incubating with its 

antigen 8-hydroxy-2ǋ-deoxyguanosine (1.0 mg/mL) for 2 h before IF-staining. Rabbit 

antibodies were used to immunodetect RBCL (Agrisera AS03037) and the 30S subunit 

chloroplast ribosomal-protein (S-20) (Randolph-Anderson et al., 1989). Secondary antibodies 

were: Alexa Fluor 488 goat anti-mouse IgG and Alexa Fluor 568 goat anti-rabbit IgG 
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(Invitrogen Inc.). Images were acquired by epifluorescence microscopy using a Leica DMI 

6000 microscope (Leica Microsystems) with a 63X/1.4 objective, a Hamamatsu OrcaR2 

camera, and Volocity acquisition software (Perkin-Elmer). Z-stacks were taken by series 

capture at a thickness of 0.2 µm per section. Stacks were deconvoluted with AutoQuant X3 

(Media Cybernetics Inc.) (Abramoff et al., 2004).  

Mammalian tissue culture. HeLa cervical cancer cells were obtained from the American 

Type Culture Collection (Manassas, VA; ATCC). Cells were cultured at 37ϊC in DMEM 

(Sigma-Aldrich, St. Louis, MO) supplemented with 10% fetal bovine serum, penicillin and 

streptomycin (all from Sigma-Aldrich). Fixed and permeabilized cells were treated with 10 

Õg/ml RNase for 1h, where indicated. 1.0 mM sodium arsenite treatments of live cells were 

for 1.0 hr under the conditions described above.  

Mammalian cell IF-staining.  

The protocol was described previously (Fournier et al., 2013). Primary antibodies were; 

ŬG3BP1 from Dr. Imed Gallouzi (McGill University), ŬRCK and ŬTOM20 (FL-145) from 

Santa Cruz Biotechnology, and Ŭ8-oxoG from QED Bioscience Inc. (clone 15A3). The 

secondary antibodies were Alexa Fluor 488 goat anti-mouse IgG, Alexa Fluor 598 goat anti-

mouse IgG, and Alexa Fluor 568 goat anti-rabbit IgG (Invitrogen Inc.). IF signals were 

visualized by an LSM 700 confocal laser scanning microscope (Zeiss), controlled with 2009 

ZEN software for image acquisition and analysis. Images were acquired using the following 

settings: 63X oil objective (zoom 1.0), 0.06 Õm for pixel size, and 1.00 airy units as pinhole. 

Analyses of oxidized RNA, DNA and Protein. In each biological replicate experiment, 

RNA, DNA, and protein were isolated from the same culture. Where indicated, live cells were 

exposed to 2.0 mM H2O2 for 15 min. Total RNA was extracted using TRI-reagent (Sigma-

Aldrich) according to the manufacturerôs protocol. Qualification and quantification of RNA 

were confirmed by electrophoretic analysis by bioanalyzer (Agilent). Total DNA was 

extracted using hexadecyltrimethylammonium bromide, as described previously (Murray and 
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Thompson, 1980). The DNA preparations were rid of RNA by precipitation with LiCl2 , as 

confirmed by nanochip analysis with a 2100 Bioanalyzer (Agilent) (Sambrook and Russell, 

2001). RNA and DNA concentrations were quantified by bioanalyzeranalyses by nanochip 

and UV spectrophotometry, respectively. Total RNA (5 Õg) and DNA (1 Õg) samples were 

transferred to a nitrocellulose membrane with a Minifold-II slot blot system (Schleicher & 

Schuell). Filters were reacted with the commercial antibody against 8-oxoG (QED Bioscience 

Inc., clone 15A3) overnight, at 4
o
C (Sambrook and Russell, 2001). A goat anti-mouse 

secondary antibody (KPL) was used and ECL detection was performed with a commercial kit 

(Millipore). To isolate total protein, cells were pelleted (3,000 x g, 3 min) and broken in 50 

mM Tris-Cl pH 8.0, 1 mM EDTA, 50 mM NaCl, 1 mM PMSF, 100 mM DTT by bead-beating 

(Hopkins, 1991). Protein samples (20 ɛg) were analyzed with the OxyBlot Kit according to 

the manufacturerôs protocol (Millipore). Total protein concentration was determined as 

described previously (Smith et al., 1985). Quantification was carried out as described 

previously (Bohne et al., 2013). For statistical analyses, each biological replicate was 

compared to a corresponding ȹrbcL strain prior to the addition of H2O2, which was designated 

as 100% oxidation. Statistical differences were determined in each case using a one-sample t-

test. 

Differential Centrifugation. Cells from 75 ml cultures were pelleted by centrifugation (5,000 

x g, 5 min) at room temperature and resuspended in 5.0 ml ice cold MKT-buffer (25 mM 

MgCl2, 20 mM KCl, 10 mM Tricine pH 7.5, 1.0% (v/v) protease inhibitor cocktail (Sigma-

Aldrich)). Cells were broken by three passages through a chilled French pressure cell at 1,000 

psi. The cell lysate was centrifuged at 3,200 x g for 1 min to pellet unbroken cells. The 

supernatant was collected and centrifuged at 16,000 x g for 20 minutes at 4
o
C. The resulting 

supernatant was S16. The pellet (P16) was resuspended in MKT-buffer with 2% (v/v) Triton 

X-100 and incubated for 15 minutes at room temperature with gentle agitation to solubilize 

membranes. These samples were then centrifuged at 16,000 x g for 20 minutes at 4
o
C. The 
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supernatant was P16-TS. The pellet (P16-TI) was resuspended in MKT-buffer. Protein 

samples from each fraction were subjected to SDS-PAGE and immunoblot analysis. Protein 

loading was based on equal proportions of each fraction. The antisera were: ŬRBCL 

(Agrisera, AS03037), ŬRBCS (Dr. Robert Spreitzer, University of Nebraska), ŬCP43 

(Agrisera, 111787) ŬS-20 (30S r-protein), ŬL-30 (50S r-protein) (Randolph-Anderson et al., 

1989), and ŬHSP70B (Schroda et al., 1999). Secondary staining used goat anti-rabbit antibody 

(KPL) incubated for 1 h at room temperature. 

In vivo 
35
S-pulse-labeling of proteins. 

35
S-pulse-labeling reactions were performed with 

35
SO4 as described previously (Uniacke and Zerges, 2007). Cells (c.a. 1.2 x 10

7
 per sample) 

were then pelleted by centrifugation (5,000 x g, 5 min), washed once with 500 ɛL 50mM Tris-

Cl pH 7.4, resuspended in 80 ɛL MKT-buffer, and broken by bead-beating (Hopkins, 1991). 

The cell lysates were centrifuged (16,000 x g, 5 min), and the pellet and supernatant fractions 

were subjected to SDS-PAGE (7.5-15% acrylamide, 6.0 M urea). 
35
S-pulse-labelled proteins 

in dried gels were visualized with a Typhoon phosphoimager (GE Healthcare). 

Survival and viability 

Cell survival and viability were assayed following addition of H2O2 to 4.0 mM. Cell survival 

was determined by counting the proportion of live cells with the Trypan blue exclusion assay 

(Sigma-Aldrich). Viability was determined as colony forming units on agar-solidified TAP 

medium. For statistical analyses of survival and viability, a mixed analysis of variance 

(ANOVA) was conducted with strain as a between factor and time as a within factor. When 

appropriate, post hoc analyses were conducted using Tukeyôs HSD.  
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Fig. 1. The in situ distribution of 8-oxoG RNA in Chlamydomonas. A) Wild-type cells 

were IF-stained for 8-oxoG (green) and co-stained with DAPI to visualize DNA. The 

pyrenoid is seen in differential interference contrast (DIC) images. A cell illustration (right-

hand most image in A) shows the locations of the nucleus (N), cytosol (Cy), and chloroplast 

(Cp), wherein the pyrenoid (P) is surrounded by a starch sheath (white) and contains cpSGs 

(red). B) The IF signal from 8-oxoG was eliminated by pre-incubating the primary antibody 

with 8-oxoG. C) The 8-oxoG IF signal in the pyrenoid is sensitive to RNase (10 ɛg/ml) 

treatment. D) DNase (50 ɛg/ml) treatment did not reduce the 8-oxoG signal in the pyrenoid 

but did in the punctate foci. E and F) In cells that had been treated with 2.0 mM H2O2 to 

induce cpSG formation, the 8-oxoG IF signal (green) was seen throughout the pyrenoid and 

not in cpSGs (white arrows), which were IF-stained (red) for either RBCL (E) or the protein 

of the 30S chloroplast ribosomal subunit (F). Size bars = 5.0 Õm.   
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Fig. 2. In cultured human (HeLa) cells, oxidized RNA localizes to cytoplasmic 

ORBsduring arsenite-induced oxidative stress. Cells were IF-stained for 8-oxoG (green) 

and DNA was co-stained with DAPI (blue). A) Foci of 8-oxoG were not seen in 95% of cells 

prior to arsenite treatment. In 40% of arsenite-treated cells, the 8-oxoG IF signal was seen in 

cytoplasmic foci (white arrows) which are distinct from SGs (seen as foci of the red G3BP1 
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IF signal). ORBs were not seen in arsenite-treated cells which were treated with RNase after 

fixation. B)  ORBs are also distinct from PBs (seen as foci of the red RAK IF signal). C) 

Oxidized RNA-containing bodies are not mitochondria. n = 250 cells for each. Size bars = 20 

Õm. 
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Fig. 3. RBCL controls the level of oxidized RNA, but not the levels or oxidized DNA or 

protein. A) Levels of 8-oxoG in RNA from the wild-type strain, ȹrbcL, ȹRBCS, the rescued-

ȹRBCS, and the double mutant are shown (dark bars). Levels of 8-oxoG in RNA from cells 

exposed to 2.0 mM H2O2 were analysed from the wild-type strain, ȹrbcL, ȹRBCS (grey bars). 

Bar height represents the percentage of 8-oxoG enhanced chemo-luminescent signal of ȹrbcL 

strain before stress (white bar; 100%). B) The relative levels of 8-oxoG in DNA from the 

wild-type strain, ȹrbcL, and ȹRBCS are presented as described for RNA in panel A. C) Levels 



ρχρ 
 

of carbonylated amino acid residues in protein from the wild-type strain, ȹrbcL, and ȹRBCS 

are presented as described for RNA in panel A. Results were analyzed and are presented as 

described in Materials and Methods. Error bars indicate the standard error of the mean. 

Asterisks indicate a significant difference from ȹrbcL, as determined by one-sample t-tests (p 

Ò 0.05). 

 

 



ρχς 
 

 

Fig. 4. A minor pool of RBCL correlates with the Rubisco-independent control of 

oxidized RNA. A) The relative levels of RBCL in crude lysates of wild-type, ȹRBCS and 

ȹrbcL cells were determined by SDS-PAGE and immunoblot analysis. Dilutions of the wild-

type cell lysate were supplemented with lysate from ȹrbcL to maintain a constant amount of 

total protein in each lane. The band attributed to RBCL was not a cross-reacting protein as it 

was not detected in ȹrbcL. The signal from a protein of the 30S subunit of the chloroplast 

ribosome (30S) was used as a loading control. Black bars indicate adjoined non-adjacent lanes 

from a single exposure. B) The fractionation scheme is illustrated. C and D) RBCL 

fractionation during differential centrifugation and solubilisation with Triton X-100 was 

revealed by immunoblot analyses for C) the wild-type strain and D) ȹRBCS. Proteins 

analyzed were RBCL, RBCS, a soluble protein of the chloroplast stroma (HSP70B), an 

integral thylakoid membrane protein (CP43), and ribosomal proteins of chloroplast ribosome 

subunits (30S and 50S). Where indicated, fractions were prepared from cells that had been 

exposed to 2.0 mM H2O2. E) 
35
S-pulse-labelled (newly synthesized) RBCL in the insoluble 

(P16) and soluble (S16) fractions from the wild-type strain and ȹRBCS was revealed by SDS-

PAGE and phosphoimaging. As a negative control, fractions from ȹrbcL were shown to lack 

the 
35
S-pulse-labelled band assigned to RBCL. An unidentified 

35
S-pulse-labelled protein was 

detected in both fractions of all three strains (asterisk). Black bars indicate adjoined non-

adjacent lanes from the same immunoblot and exposure. 

  



ρχσ 
 

 

 

Fig. 5. RBCL functions in H2O2 tolerance. A, C, D) The effects of H2O2 on cell survival 

were measured by Trypan blue exclusion and graphed as the mean percentages of the initial 

values (immediately prior to H2O2 exposure). B) The effects of H2O2 on viability were 

measured as colony-forming unit concentration and graphed as the mean percentages of the 

initial values (immediately prior to H2O2 exposure). The strains analysed are indicated in each 

panel. Asterisks indicate a significant difference from the wild-type strain, as determined by 

mixed analysis of variance (ANOVA) (p Ò 0.05).  


