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ABSTRACT . | .

-

This thesis deals with the genétic strategy -which was

used to locate the pleiotropic ssd mutation at 86 minutes,”

l

between the metB'gene and the rha' operon on thé Escherichia
- — e . » T

coli linkage map. ‘ ' o ‘ .

The ‘sgd mutation was discovered in strain VE2-2 and is
responsible for the following phenotypic traits: high

N 1 .
l-serine,K deaminase activity; an inability to utilize

Buccinate as carbon source; an<;hqreased sensitivity to, -

sod&um chlotidefxfluorid% and low pH levels; and an
< s . ' rd .

inability to grow under anaerobic ,conditions. R

S . ' .
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o L INTRODUCTION
ey

This thesis describes the 1odation of the ésd ‘mutation

on the E. coli chromosone. The ssd mutation is pleiotroplc
and is responsible for the following changes in strain
© VE2-2: high 'serine deaminase activity, an inability to

\ utilize succinate as a carbon source, an increased

: . A .

and an inability to grow under anaerobic conditions (Morris
’, 4 .

and Newman, 1980). ,

Strain VE2-2 was the straifi ¥n which the ssd mutation

‘was diséovered, but it is not certain how strain VE2-2

originated (Morris and NeWman, 1980). Strain VE2-2 could be

'a transductant from a trdnsduction which .was designed to

, transfer.the pleiotropic wyb mutation from strain MS845 to

‘strgin €U1008, in which case the ssd mutation is the same asg
the wyb mutat;oﬁ.. Or strain VE2-2 Sﬁﬁld be a mutant which

grew on the selectid® medium used in the tfansduction, in
] .

»

which case the ssd mutation is a spontaneous mutation

.

differeat from the wyb mutation. Strains VE2-2 and MS845

have similar pleiotropic phenotypes which supports the view
- ' '

that the ssd and wxb mutations are the same (Morris and

Newman, 1980).. However, strains VE2-2 and MS845 differ in
['4 t

that 'strain MS845 lacks leucyl-, phenylalanyl-tRNA protein

\

transferqae (Morris and Newman, 1980; Soffer and Savage,

1974).,

{ ” | | -

sensitivity ‘to sodium chloride, fluoride, and low pH levels, .




s N

) description of the complex phenotype of strain VE2-2 is .

t ' ¥

The rema¥nder of the introduction examines the R

relationship between strains VE2-2 and MS845 and is composed

)
”

0 t
of the following thre€& parts. .ot . v .

Part I describes how strain MS845 was isolated and
-gives a description of “its complex phenotype.

-

Part IT describes the trahsduqtion to strain CU1008

which was designed to transfer the wyb mutation from strain

-M8845, and from which strain VE2-2 was selected. N

e

given'.-". ) ] . ‘ o \

Part III discusses the purpose for determining the
. \ .
location of the ssd mutation, and-proposes experiments
4 .

designed to determine if the ssd mutation from strain VE2-2
. P ) . '
and the wyb gnuta'tion from strain MS845 are the same or

'
4

different, ] . A . ' X

AN
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PART 1
. A Desdription of Strain MS845

/ .
. .- » , o

Strain Msé45 was, isolated in a colony—by—cdlony search
amoné 1200 survivorp/for those whicg lacked leucyl-, pﬂenyl_
Elanyl—tRNA: protein transferase activity foliowing the\
treatmenS;of strain y4917 with a heavy dose of
nitrosoguanidine. * étrain MS845 was the only one which
lacked transferase activity (Soffer an& éaéage, 1974).

L;ucyl-, phenylaianyl—tRNA protein ffansferase is.aé
enzyme which cat&lyses the'transfer,of leucyl, phenylalanyl
(soffer, 1974), and methionyl (gorimishi‘et al, 1975;
Scorpulla, Deutch, and Soffer, léié) groqfs from tﬂei;
resbective tRNA sp&cies into peptide linka?e with a basic
amino aci& residue ‘at the NH,-terminal of speéific proteiné,
(Leibbwitz and Soffer, 1971; Soffer, 1973).‘ The
physiological role of transferase is unknown. It is
speculated though tﬁat it may regulate the functions of the
proteins whose modification it catalyses)(Soffer and Savage;

L

1974). The identification of these acceptor proteins then

*

may elucidate the physiological role of transferase (Soffer

and Savage, 1974). Somé proteins in‘the 308 ribosomal sub-

-

.. , )
%nit have been shown to serve as acceptors for transferase
(Leibo;}tz and Soffer, 1971; Soffer .and Savage,w3974). it

was suggested that transferase might play a role in
. .
regulating the activity of ribosomes and thereby protein

hd i




N

., glycerol medium éupplementgd with 2mM. proline, Also, “strain

synthesi§H(Le1bbw1€z and SOEfer, 1971). This suggestion ]

s ®
N VA /
though has ny been 1nvest1gated to any significant extent.

v

.No bthér'identlfleq proteins have been shown to- be modified -~

by ‘transferase,
N L ]

It has bee exp;rimentally estimated that 0. 5% of the

proteins in stralin W4977 extxact are modxfied in vivo by

T

transferase (SOffer and savage, 1974) it is possible tﬂat.

- oo
.

some of these proteins requlre the modlficaﬁgon to function.

. \ .
P “ * ‘ =y

normally (Soffer and Savage,‘1974). If 80, them the same

proteins in sfrain'MSé45 dhiqﬁ are not modifieé in-vive-h{

transferase mdy function abnormally or not at all*(SofEér
: , » . ' ) v
and Savage, 1974), = . p» o wo

) Y

Strain MS845 then was studied to look for any .

. . ¢ I3

physiologicai éhangés which might be caused by the absence

of‘traqsferase activity (soffer and Savage, 1974; Deutch et
. . . |\

al, 1978). , . oo .

)

Strain MSB45 dlffers iﬁ grthh behaviour from strain =
«

w4977 (Soffer and Savage, 1974). Strain MSB&S grew at the

.
.

' same rate as strain W4977 but gave ‘a lofér yield on minimal

MSB&S when grown to stationary phase on minimal glycerol

B e > .
medium supplemented with 2mM proline and then diluted into
fresh medium showed ‘a lag which' lasted up-fo 8 hours.

w. : “ P

Strain W4977 when similarly treated did not show this

prolonged iag. ‘Strain M3845~thén differs from strain W4977

-

in yield and behavior oh subculture.
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¢ K 2 .

It was fouhd.that strain MsS845 exhibited this abnormal
. ~ - : 3\

o ’,

growth behavior because it has an increased demand for
’

s S
'

proline (Soffer and Savage, 1974). If strain MS845 was
grown on minimal glycerol medium shpplemented'with 10mM

. ) L
proline instead of 2mM proline, then it achieved maximum .

e 9

>
yields at stationary phase. BAlso if strain MS845 is grown

on minimal gflcerol<%ediﬁm supp;emenéea with 20mM proline
, SN ‘ 3 : ,

aud then diluted into fresh minimal glycerol medium

supplémented with 2mM proline, then no lag results.
It was then found thét strain -MS845 demands more
. t . ' »
pfoline than  strain W4977 because it expresses 4-5 times

\
. !

\ , '- .
more praline oxidasgse activity resulting in an increase in
1Y . v \ [

Jproline break down (Deutch and Soffer, '1975). However, it
- w . .

- - .

could not be known whether this increase in proline oxidase

activity was due to an iggrease in the inducibility‘of’ .
“ ~

proline'oxidasﬁ or ,due to .an ‘increase in sthe constitutive
- T

levels of this eﬁzyme since strains MS845 and W4957fare_

¥ ‘ . - ’ N
proline auxotrophs and were grown with proline which is the

£

-

~ » . M
inducer of proline oxidase activity (Tam et al, 1978). .
"Po determine whether the increase- in proline oxidase

activity in. strain MS845 was due to an increase in the

induced or the &onstitutive leiels, the following exﬁeriment

-

was performed (Tam-et al, 1978). Fifst‘proline—ihdependent
——— - Yy . N

S N a t

derivatives of strains'M8845$and W4977 were cons%ructe@ by

e N . -
o e >
N . P



o .

+ transduction. These strain MS845 and W4977 derivatives were
o . N\

- - then grown on minimal glycerol medim both with and without

|

proline, Wheri the.derivatives were grown without proline,

the proline oxidase activities of both were low. When the"
“ ) s .
.derivatives were grown with proline, the proline oxidase

4 -
1

activity of "the strain MS845 derivative was high but that of
‘the™strain W4977 derivative was the same as in cells grown

in the absence of proline. The strain MS845 derivative then

. 1
o has inducible proline oxidase activity amd the strain w4977

derivatixe does not. Strains MS845 and W4977 should/ﬁehave
| . like their derivatives. ‘Therefore, it wég concluded that
Y ) é
.gtrains MS845 and W4977 have the same. low konstitutiyé

levels of proline oxidase activity butlthat strain MS845 has

inducible proline oxidase activity, and strain W4977 does

not. .
S 8 —_— .
. . The growth defects in strain MS845 are now explainable
in terms of inducible proline oxidase activity (Tam et al,
> L ) ‘ﬂ *

1978; Deutch and Soffer, 197%). Strain MS845 does not give
N ! - ' . N

as high a yield on minimal glycerol medium supplemented with

’

r 2mM proline as does dtrain W4977 because strain MS845

. expressses high proline oxidase activity under ‘these
. conditions and utilizes proline at a fast rate, The

[}

. utilizat%ﬁh is so fast 'that its reserve of free proline
reqﬂ%}ég for protein synthesis is ;apidly depleted and
v ‘ g;dgkh ?s arrestéﬁ early on. It is at this’pqint\that the
. ’9///;train MS845 culture se;ches é;7tionarf phase., Strain W4977

’ AN <

v
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- .

does not induce proline oxidase activity under .the same

growth conditions and so does not utilize proline as fast,

’

Therefore its reserves of free proline are not as rapidl§

-

depleted, and growth continues on until other factors become

9
L]
limiting. The growth lag exhibited\by gstrain MS845 can be
explaiﬁed in the same terms The strain MS845 stationary
culture grown with only 2mM'proline ha%g-extremely low levels,

of free préline. When this stationary culture is diluted

into fresh minimal glycerol meéium supplemented with 2mM -

<
~

proline, some time is required before intracellular proline
7

. , .
levels are built up to, the level at which protein synthesis

Pl

can resume at a normal rate. It is only when this level is

v

reached that growih resumes.,

L3

This conclusion is supportea by the fact that strain

-

MS845 does not exhibit these growth defects if glucose

Y

instead of glycerol is used as a carbon source. {Deutch and

soffer, 1975). Proline oxidase is subject to catabolite

' 4épression (Dendinger and Brill, 1970). When strain MS845

\

is grown with glucose the proline oxidase activity remains
low. and is no# inducible by proline. The pool of free

proline then is not depleted by excessive degfadation by

. 1
proline oxidase. Therefore, enough free proline is available
T~

+ ™ to support whatever protein synthesis is necessary to

»




N

f
A” . . rj
. S
[ s

*

achieve mormal growth yields. Furthermore, enough (free

. \
proline is-available after the grown stationary culture is

"Wdiluted into fresh medium to support the normal rate of

s

protein synthesis so that no growth lag results,

peutch et al, (1977) found that strain MS845 is also

.

different from strain W4977 in that it has decreased o °

Pa

phenylélanyl-tRNA synthetase and Fryptophanase activities.

It has an increased rate of growth on _aspartic acid és\the
I

) sole source of nitrogen. It accumulates enteroche€lin under

. conditions of iron limitation, and it has an abnormal

L4

* morphology that can be-restored by thg .presence of D-alanine
and D-glutamic acid. } ‘

7

Tam et al (1978)-founq\that strain MS845 differs

.

further from strain W4977 in that it expresses high but

° .

-

uninducible serine deaminase acQ}vity. Newman (unpublished

Iy

v data) found that ;¥fain\MSB45 is more sen$itive to high

.

sodium chloride concentrations, high fluoride

concentrations, and low pH levels, it is unable to utilize
’ 9
succinate as a carbon source, and it is unable to grow under

-

, anaerobic condi th}w.

.

Strain MS845 was isocolated following nitrosoguanidine .

y
Py

Pmutagenesis and this treatment is known to cause multiple -

mutations (Guerola, Ingraham, Cerda-Olmedo, .

- .
1971), Therefore, it is possible that strain MS845 carries

Bt

»
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FGRe

.

.

many mutations and that a different mutation causes each of
its éhanges. To prove that this is not the case, it is

N .
necessary ‘to select for revexrtants in a selection in which

»

one change in strain MS845 is restored to the W4977
phenotype and then show that/the other changes%in strain
MSB845 are also restored to the W4977 pheno%ype.

l s

Soffer and Savage (1974) selected the "revertant"

. -

strain R18 by éycling strain MS845 8 times on minimal
¢ ) .
glycerol medim supplemented with low proline (2mM). Each

cycle consisted of growing strain MS845 to stationary phase

’ \

and then diluting into fresh medium. Strain MS845 does not

start growing until after 3-8 hours aftér each dilution,

.

4 .
Therefore, spontaneous revertants like strain R18 that start

\

growing immediately after each dilution would be gx‘héted to

have an advantage under these conditions. After the last

~cycle was completed a diluted sample of the gréown culture

was plated on minimal glycerol medium supplemented with 2mM

proline. Strain R18 was selected from this plate.

‘'

. . . ’ /ﬁxtw
Strain R18 which regained the ability to grow on” .=

minimal glycerol medium supplemented with low proline, also

-

expressed transferase activity, uninducible proline oxidase
. .

activity (Soffer and Savage, 1974), and both phenylalanyl-

w

tRNA synthetase and tryptophanase activities comparable to

-

-

ke

e
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Gl

v

N -

those expressed by strain W4977. It grew at about the same
rate as 'strain W4977 on agpartic acid as the sole source of
nitrogen, did not accumulate enterochelin “under conditions

: 4
of iron limitation, and showed a normal morphology (Deutch

t al, 1977). Thereforé it was concluded that the strain

=

5845 mutation\?hich causes the inabiklity to grow on minimal

glycerol medium supplemented with low proline élsp causes

N

the absence of transferase activity and the rest of the

changes in strain MS845.

13
R . 3 ' N
However, this conclusion may not be correct since
. y

strain R18 was not selected in-a single stdp. Therefore,

strain R1B‘may represent an accumulation of mutations which

results in the expression of ‘the complete strdin W4977

L - . #
' RS

Tam et al (1978) selected the single-step revertant

-

phenotype.

strain POR 17 from strain MS845 by plating o@t a strain

MS845 culture on Qinimal glycercl medium supplemented with
~

low proline. This single-step gelection ensured that the

. { * .
ability to grow with lew proline is regaé%ed by one

mutation. POR 17 also expresses transferase dctivity,

-

uninducible proline oxidase activity, low serine deaminase -

activity (Tam et al, 1978), is as resistant as strain W4977

v

to high concentrations of sodium chloride, high
A
concentrations of fluoride, and lqw pPH levels, is unable to




e

-
-

grow on succinate-'as a carbon souroe, and can-.grow under—-=
. Ty
anaerpbic conditions (Newman, unpublished data). It is
P

evident then that the single mutation, whi&h enables growth B
' ’ b}

on minimal glycerol medium shpplemen;ed with low proline:' °
N ¢

also restores the other cBanges-to the strain W4977

phenotypé. This single mutation may have éccurred in the ’ ’ \

. b
séme gene in which the mutation wpich causes the ;bsence of \ ‘
£ransferase act;vity and thereby restored function; to the \‘
gene or. the single mutation may have churreq ih anoth;r . \

5
gene and suppressed the mutation which causes the absence of

transferase activity. In either case the fﬁct'thht one“
mutation restores all these changes 'to the strain w4977 .
phenotype proves that the mutation which cau#es the

inability éb grow én minimal glycerol medium suéplemented

with low proli;e and ‘which causes the absence of trangferase
activity also is responsible‘for the other changes described

in sﬁraiq MS845. Tam et al (1978) named the pleiotropié

mutation the wyb mutation. . .
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PART II
g 4

The Origin and Phenotype of Strain VE2-2

1

Strain MS845 was isocolated from strain W4977 following

heavy nitrésoquanidinegjrtageﬁesis which is known to cause
multiple mutations (Qﬁ rola, Ingraham, Cerda-Olmeda, 1971},
It is possible then that strain MS845 carries a number qf

mutations in addition to the pleiotropic wyb mutation and

that some of'%hesé other mutations interfere with the

expression of tff

Eowyb mutation.

Strain YE2-2 origin;ted in a transduction désigned to
transfer the wyb mutation from st;ain MS845 intd strain
cu1008 (Morris and Newman, 1980). This transduction was done
to study the wyb mutation in a known genetic background.

Despite the fact that the ilg mutation affects a number
of activities, there was no gdod‘sele;tion for strain 051008
cells carrying this mutation. However, it w%as reasoned that
a/strain cu1008 géll which receives the wyb mutation sﬁould
be betfgr able to grow on serine as the sole source of
carbon and ﬁitrogen because it would express high sgserine——

deaminase activity. 0 v

.

Strain CU1008 then was transduced with phage lysate
, . ' .
prepared on strain MS845, and a selection was made for
transductants that grow on serine as the sole source of

-

carb;& and nitrogen.
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~ . ;
L d I

In the eight times that this transduction was

~

attempted, colonies on the transductant plates werxe obtained

i

only twice. These colonies had high serine deaminase. It

was thought then that the wyb mutation had been transferred
into strain CU1008. : N

N .
One of the colonies obtained fr“ the first:

\

. ) .
transduction experiment was named strain VE2-2, and it is

clearly derived fr;ﬁ strain CU1008 since, like strain
cu1008, it requires’ekogeﬁous isoleucine and valine to grow
on minimal medium. However it is not yet certain wﬁefher it
is a transductant or a mutant.

' If strain VE2-2 is a transductant, it should carry the
wyb  mutation. Strains VE2-2 and MS845 then should express
the same phenotype. Astrain VE2-2 in fact shares some of the
sdme characteristics of strain MSS45‘but it also differs

significantly from'it. Strain VE2-2, like strain ﬁSB45, has
]
high serine deaminase activity, cannot utilizé succinate®* as

. N . / v .
a carbon source is more sensitive to sodium chloride,

¢ ’ : -
fluoride ions, and low pH than sttaﬂw CU1008, and it cannot

grow under anaerobic conditions (Morris and Newman, 1980).
r -
However, strain VE2-2 expresses leucyl-, phenylalanyl-tRNA

protqin transferasg activity and strain MS5845 does not

.

(Morris and Newman, 1980; 'Soffer and Savage, 1974).




»~

Strains Vﬁ2-2 and M384¥ both express inducible proline

'

‘oxidase. activities (Newman, unpublished data; Tam et al,

1978). However, for strain VE2—2 this does not represent a

[
i

change from strain CU1008; but for strain MS845 this does

4

represent a change from strailn wW4977.

Since gstrains VE2-2 and K8845 do not share identica

phenotypes, one cannot say with any certainty that t
carry the same G?b\mgtation. It is possible that they both

carry the wyb mutation and that the wyb mutation is

B -

expressed differently in the genetic backgrdunds presented

by strains VE2-2 and MS845, It is also possible that strain

4

VE2-2 carries a mutgtion not derived from strain MS845 that
was selected &ur;ng(the transduction experiment and that
this mutat;on only by coincidence is similar to the wyb
mutation.

It is because of this uncertainty concerniqg the origin

of the mutation in strain VE2-2 that this mutation was named

ssd.




o

PART III

Rational for Mapping

.

/
As discussed in the previous section, the strain VE2-2

and MS845 phenotypes are gimilar but nomt identical. The
strains then may carry the same or different mutations

resulting in similar phenotypes. The strain W4977 mutation
. !

has been named wyb. The strain VE2-2 mutation has been
. 4

v . '

named ssd. The most direct way té compare the two mutations’
would be to put by transduction the ssd mutation into strain
W4977., 1f the two mut&tions are theisame‘then the strain
W4a977 transduc¥ant should expres%'the strain MS845
phenotype.- If the two mutations are different then £he
strain w4977 transducfant should express the st}ain VE2-2
phenotype.

Since there is no method to'di¥ectly.select strain

W4977 transductants that havé received the ssd mutation,

the following steps must be carried out:

s

1. The location of the ssd mutation must be determined.

2. A mutation into a gene located near the ssd location
must be put into strain W4977.

3. Strain W4977 must be transduced with strain VE2-2 P1
 phage lysate and a selection made for transductants

which carry the wild-type allele of that near-by gene.,

Al

G
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4. The transductants must be screened to look for those

which exhibit either the strain MS5845 phenotype ‘or the

.

strain VE2Z2 phenotype. 4

9

ftvis equally possible to compare the two mutations by

v

transducing the strain MS845 wyb mutation into strain
CU1008. If the two mutations are the same then the strain

CUiOOB transductant should express the strain VE2-2

phenotype. ' : ‘ 7

In order to put the wyb mutation into strain CU1008,
\

the followihg_steps must be carried out: ~
1. The location of the ssd mutation must again be deter-
mined.
!
2. A mutation-'into a gene located near the ssd location
must be put into strain CU1008. -

A
3. Strain ' CU1008 must be transduced with strain MS845 P1

“ C

phage lysate and a selection made for transductantsg
which carry the wild-type allele of that nearby gene.

4, The transductants must be screened to look for those

_which exhibit either the strain VE2-2 phenotype.

o

¢ . a

. This thesis dealsfonly with the experiments‘by which
the ssd mutation was successfully located. This thesis does
— >

not concern itself with the eibeqiments desctribed above that
\



17

.

{ “ 4 | ‘o
are now in progress which should pesoivé whether the ssd and
wyb mutations are identical or not, ;
‘It shéuld be clear however Qhat by knowing where the
sgd mutation is.located, it is possible to perform those

necessary transductions which,shbulq determine the

.relationship between the ssd and wyb mutations,

4

. | N




MATERIALS AND METHODS

A. Media and Solutions

4

Minima} Medium
. . /

5.4 g K,HPO,,"12.6 g KH PO, 2 g (NHg), S04/ 2 g .

MgS04*7H,0, and p.1 g CaCl, at pH 6.4 in 1 liter distilled
water. Carbon sources were added to a concentration of 2

g/liter. . s

The following supplemen@s were added £o the mini;al
medium to the indiéated concentrations when required:
thiamine 2 ug/ml, isoleucine 50 ug/ml, valineIQO ug/ml,
phenylalanine 50 ug/ml, tryptophan 30 ug/ml, tryosine 25
ug/ml, ;hikimic acid 1 x 107%m, histidine 20 ug/ml, arginine
50 ug/ml, leucine 20 ug/ml, methionine 20 ué/ml,
diaminopimelic aci€'500 Jg/ml, lysine 50 ug/ml, homoserine
50 ug/ml and stfeptomycin 100 ug/ml. .

.

Solid Minimal Medium . : . -

Mlnlmal medium w1th 20 g/liter Bactoagar.



i : . .
o
? ’ ) '
. .

N

4 *

" Luria Broth

) 10 g Bactotryptone, 5 g yeast extract,
v\ A ) '
. } liter of distilled water. '

. - ~ ‘

<

Superbroth . '

.( 32 g Bactotryptone, 20 g yeast extracdt,

ml of 1M NaOB/ in 1 liter of distilled water.
<, \

L\ o

+  Nutrient Agar (Difco No. 000-1-0

19

and 5 g NaCl in ’

3

“ .

5.9 NaCl and 5
* -

%

'

- [ .,

\ N ' ) '
P

’ - .

directions given by the manufacturer.
2 . )
n

- Phage Agar
g

&

.and 8 g NaCl in 1 liter of-dlstilled water.

. 4 o
4¢ ) ' - N . ‘

‘ L3

Minimal Succinate Tryptone Medium

-

2 g ‘sodidm succinate,

.

minimal ‘medium.
, . .
- Iy

- v -
, B

! metrazolium Solution
y * +

10 §/m1 2,3,5

dissolved in 1M phosphate buffer pH 7.

& .

7

.

2-7) and MacConkey igaf

.(Difco No, 0818-02-0) were prppare& hccoraing-tp the

E . 17 g Bactoadar, 10 g Bactotryptone, 1 g yeast extract, ™=a

0.8 g Bactotryptf

-triphenyl-2H-tetrazolium chloride .

/

ne 'in 1 liter

o

G L .




MC Buffer

’ '

- "ty
L] -~
¢ - ) -

\

3,

F Top Agar N ; . \
F Top Agar : . .

e 8 g Bactoagar and 8 g NaCl in,1 liter distilled water.

4

B.. Bacterial strains (see Table I).
C. Selection of Mutants .
i , N L //
. o LN
. 1. ! 4

. <,

Mal A mutants

’
'

Mals A mutants were selected on, the basis of their,

résistance to lambda phage and their inability to,utilize
> , o S
malto%ﬁ. (Hatfield et al, 1969). To select lambda

3

resistant colonies, 0.1 ml of an overnight culturk of the

strain of interest was mixed with 0.1 ml of lambda phage*

“

Al

lyéate and 5 ml of F top agar, and the mixture was poured

/pn a phage  agar plate, Colonies appearing after incubation.

‘at 37°C. overnight were tested on MacConkey’maltose plates,

White maltose non-utilizing strains were further pqrified as

rgquired._ 3 ; : .

.r
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TABLE I
- STRAIN LIST

Strain Genot¥pe and/or : Source

relevant characterfistics
cul008 carries an ilvA deleéion M. Levinthal e
cul1008 cgﬁg) culoos derivative;‘ this work

carries a malA mutation , .
CuU1008-D ' &CU1008 derivative; this work )

carries glpD mutation -

3

CU1008 -K CU1l008 derivative; " this work

carries glpK mupation .
VE2 -2 CU1008 derivative: E.B. Newman )

carries ssd mutation
VE2-2 (MAL) VE2-2 derivative; this work

carries 'ssd and malA mutations

- - o

Al
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~ ' . Table 1 (cont)

VE2-2 (STR) VE2-2 detivative; this work
carries ssd and strA mutations :

JF-1 . VE2-2 derivative; this work
carries wild-type ssd gene.and
glycerol (qlpK) mutation, both
o . - derived from strain #95

JF-2 as JF-1; also carries this work
malA mutation

$95 glpD mutation ’ . BE.C.C.Lin
DB313 metB mutation , E.coli Genetic
) Stock Center
i
P4X metB mutation, Hfr strain ~ E. coli Genetic
‘ . v Stock Center
4274 metBl, his-1, leu-6, arqgGé E. coli Genetic
’ rmutations 2 Stock Center
MN-1 4274 derivative E.B. Newman

metBl, his-l, leu-6 mutations

MN =2 ! MN-1 derivativé , E.B. Mewman
metBl, his-l mutations ' .

F
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MN-3 ~

4248

4289

‘MAL 157

7019

KL209

KL16-99

PK191

.

L ]
Y Table 1l (cont)

@

MN-2 derivative
metBl, his-1l, rha mutations

carries F'l40 episome
with functional malA owveron
and functional. qlpD gene

carries F'l41 episome

with fund¢tional malA operon,

glpD gene and ssd suppressor

gene
-4

malA deletion

aroB mutation,
Hfr strain
Hfr strain~

4

Hfr strain

this work

E. coli Genetic
Stock Center

E. coli Genetic
Stock Center

M. Schwartz

E. coli Genetdic
Stock Center

E. coli Genetic

‘Stock Center

E. coli Genetic
Stock Center

E. coli Genetic
Stock Centep

R T R AT A7E SO S
f
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Strain’s CU1008 (MAL), JF-2, and VE2-2 (MAL) were
isolated in this manner.

2. Glp D mutants

!

. Glp D mutants were selected [in transductions in which
the mal A mutants were the recipients and strain #95 wﬁich
¢ .
carries both a functiongl mgl A operon and a glp D mutation
was the donor. (Lin, Personnel Communication) Transductants

which had received the functional mal A operon from strain

' " d - :
#95 were selected on minimal maltose medium. Transductants

which had in addition received the.upselectea glp D mutation
-~ ) o '
from strain #95 were identified by their inability to grow

on minimal glycerol medium. Some trandsductants of this

type were isolated from each . transduction performed, anda

-
L}

named glp-D mutants.

Strains CU1008-D and VE2-2-D were isolated in this

manner. ,

3. Glp K mutants s

To isolate glp K mutants, glycerﬁl non—ﬁtilizing mutants
. . ] , ) » ’
were isolated by-penicillin selection (Davis, 1948;
/
Lederberqg and Zinder, 1948). These mutants may be of two

types, glp K and glp D. These were differentiafed by plating

on minimal L-o~-glycerol phospate medium and on minimal

J
glycerol medium. Glp K. mutants are able to utilize L-%

;glycerol phosphate, but not glycerol; glp D mutants
LY
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utilize neither (Lin, 1976).
AY

* For this isolation, an overnight culture was irradiated

with ultra-violet 1ighy and then grown in minimal glucose
v

medium. The culture was:subcultured into minimal glycerol

medium and incubated for 4-5 hours: to allow those cells °*

J . . s

capable of utilizing glycerol to grow. Penicillin G (1000
units/ml) was added and the cultures incubated se;eral hours
more. Since penicillin kills only growing cells, this
shoqlé permit the kziling of cells‘able to utilize glycer%l,
while preserving the glycerol non-utilizing non-growing
cells.

| After incubation with penicillim, 0.1 ml aliquots of the
culture and of several dilutions of the culture were plated
on‘MacConkey glycerol plates. White glycerol-non-utilizing
colonies Qere purified and tested for growth on minimal
L—N:-glycerol phosphate medium and on minimal glycerol

. 1
edium. Strain CU1008-K was isolated in this manner.

4. Rha nutants

Rha mutants Were isolated by the same penicillin

selection method as were glp K mutants using rhamnose
. R /

/

instead of glycerol and screening on MacConkey rHamnose.

Strain MN-3 was isolated in this manner.

-
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‘chloramphenicol. A broth culture of the host strain was

g

‘

.D. Preparation of Pilcm phage lysates

Iy

P1 phage lysates were prepared in two steps. First, a
P1lcm lysogen of the host strain was isolated. Second, a

culture of the lysogen was grown to a high cell density and

.
.

induced by heat shock. /
Step 1: A streak of a P1 cm lysate made on any
wild-type E. coli strain was laid down on a Luria broth agar

plate supplemented with 5X10~3M CaClz and 12 ug/ml

streaked across the(phage lysate streak. The plate was

]

incubated at 30°C overndight. Any colonies which appeared

were lysogens since the Picm phage carries a gene for

-chloramphenicol resistance and .the bacterium does not.

Step 2: One of the lysogens was inoculat#d into
superbroth and grown at 30°C ‘with aeration to high cell
density., The lysogen culture was then induced,by incubating
it at 42°C for 30 minutes. The 1lysogen culture was then
returned to 30°C until it lysed.

The 1lysed culture was treated with 0.5 ml of
chloroform, and then centrifuged to remove cellular debris.

The supernatant was kept over chloroform at 4°C "and used as

g

a transducing lysate for genes carried by the host strain.

¢

’
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E. Tra?sduction

Met‘hod I

The recipient strain was cultured in S(ml of Luria
broth at 30°C. The culture was su‘pplemented with CaC12 to a
concentration of<5X1O'3M. As a control, O.1 ml of the
culture was plated on the selection medium and incubated at

30°C. Following this, 0.3 ml of donor strain P1 phage

/‘/’
lysatfe/was/atdded to the culture. The infected culture was

T

incubated at room temperature for 30 minutes, then
c#ntrifuged and its cells were re—suspended in 0.5 ml of
0.95!5 NaCl. For transductant plates, duplicate 0.1 ml
samples of this re—suspension were ‘glated on selective
medium. These plates were incubated at 30°C. Transductants
usually appeared between 3-5 days.

Metlhod I1 '

The recipient )str-ain was cultured overnight at 30°C in
5 n;l of Lur'ia broth. The recipient cells were centrifuc;ed
and then re-suspended in 5-{nl of MC buffer pH 7. This:x
suspension was put on a rotor at 30°C for 10 minutes.

Three different transducing mixtures were then" prepared
and these contained:

1« 0.1 ml of the cell suspension and 0.1 ml of the

donor strain P1 phage lysate.
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2. 0.1 ml of the cell suspension and 0.1 ml Qof a 1:10
dilution of the donor strain P1 phage lysate.

3. 0.1 ml of the cell suspension and 0.1 ml of a 1:100
dilut‘ion of the donor strain P1 phage ly';.zate.

One control mixture was also prepared and it contained:

1 0.1 ml of the "cell suspension and 0.‘1 of super
broth (No.donor strain P1 phage lysate).

These mixtures were incubated for 20 minutes at 30°cC,

then 0.2 ml of 1M sodium ®itrate and 3 ml of F top agar were

added. ‘The'contents were quickly pour‘ed onto selective

medium. The plates were incub‘ated at 30°C. Transductants

usually appeared between 3 to 5 days.

P. P'episome transfers

In these experiments a donor strain carrying an F'

episome was mated with a recipient strain and recibient

cells which had received the F' episomes were gelected. The
. ' .

gspot mating technique was employed. For this spot mating, a

se%ec'tive medium agar plate was divided into 3 sections.

Onto one section, a drop of donor cells suspended in 0.9%

saline was applied. Onto the second, a drop of recipient

cells suspended in 0.9% saline was applied. Onto the third,

both donor and recipient cells were spotted. The plates

t

were incubated at 37°C. Only the third section showed

confluent growth,

L

™~
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In the expériments described in the results section,
the selective medium used was minimal-maltose medium
supplemented with isoleucine and valine. The donor strains,
used cannot gr&W‘on\this selective medium because they
require dome nutritional factors that are not supplied. The
rectpient, strains used cannot grow on this selective mediunm
because gheg carry mal A mutations and sq‘cannof utilize
maltose as the sole carbon source. Only recipient’ cells
which receive an F' episome carrying a functional mal A

operon can grow. . ‘

G. Conjugation

.The donor Hfr strains ané the recipient, strain VE2-2
(STR) were growﬂ to cell densities that were approximately
5x108 cells/ml. Mating mixtures were prepared by nixing 0.5
ml of the donor culture ¥@¢h 10 *ml of the recipient'culpure.

samples .of 0.2 ml from the'mgting mixture were taken
immediately after mixing and at other specified times,
diluted into 0.8 ml of 0.9% saline,-and then vortexed~
vigorously for 30 seconds to break apart mating pairs. 3 ml
of F top agar was then added to these diluti;ns,‘and the

N

contents were gquickly poured onto selective medium which
contained streptomycin (JOO ug/ml). The plates were
incubated at 37°cC. Recombinants usually appeared between

2-5 days.

2T
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H. Assay for serine deaminase

L-serine deaminase was assayed according to the method

of Pardee and Prestige (1955) as modified by Isenberg and / T

Newman (1974). This assay measures the amount of pyravate

produced from serine. The reaction mixtures contained 0.3

b -

N
~mls of washed cells suspended to 95 Klett uhits (No. 54

A

filter) in 0.05M phosphate buffer (pH 6.4), 0.1 ml of

L-serine (20 mg/ml), and 0.02 ml of toluene. The assay

mixtures were incubated at 37°C for 35 minutes. The -
reactions were gtopped by adding 0.9 ml of 2,4-
dinitrophenolhydrazine in 4.1% HCl. The mixtures were

incubated for a further 20 minutes at room temperature.
. .

-

Then 1.7 ml of 10% ‘NaOH was added. Pyruvate as its
dinitrophenylhydrazone was measured by the absorbarnce on a

Klett-Summerson color meter (No, 54 filter). Included in

the assay was one assay mixture to which no serine was

added. This provided a measure of endogenous -ketoacid

! {

production. Acti&ity is expressed as the difference between

the amounts of keto acid formed in the assay mixtures with
5

and without serine, related to the cell density added to the

’

assay mixtures. .
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I. Succinate Utilization . “" .

a

The ability of strains to utilize suceinate as a catbon
source was determined by two methods. .In the first, ’t'he4
strainsg were simply streéked ontq minimal succinate edium
‘plates and incubated at 37°C or 30‘:C for a period /of 5 '
days. Strair?s which utilized succinate grew; strains which
did not utilize succinate did not qrzw. Lin. (1962)

developed the following method. Here, the strains wuere'

spotted on minimal tryptone succdinate medium plates and

A

inéubated at 37°C or 30°C overnight. The plates were
sprayed with a solution containing 10g of tetrazolium
indicator dissolved in 1 litre 1M phogphate buffer pH 7,
then incubated for 1 hour at 38(70(: or 30°C. Strains which
utilized succinate reduced the tetrazoliunm indicatbr" and
t;urned red; strains which did not utilize succinate did not

s

reduce the tetrazolium indicator and remained white.

L
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RESULTS

Al -

The experimentd which-are described in this resuqts
section mapped the pleiotropic ssd mutation at 86 minutes on

the E. coli chromosome, very close to the rhamnose operon.

3
oy

The ssd mutation was discovered.in gstrain VE2-2 and

°

. causes that strain to express high serine deaminase &

activity, an inability to utilize succinate as a carbon
source, an increased sensitivity to high sodium chloride
concentrations, high flouride concentrations, and low pH,

and an inability to grow under anaerobic conéﬁtions (Morris

aﬁﬁ Newman, 1980).

The results section is made up of the following ten
parts. Parts I-VIII deal with the mapping of‘fhe ssd
Autation. |

Part I describes the preliminary conjugation
experiments which suggested that the gig_mut;tion was
located near the ilv A gene %hich is located at 83 minutes

’ + 1 N
{Ramakrishman and Adelbirg, 1965). \

Part II describes the transduction to strain VE2-2
which estéblished that the wild-type ssd gene is Aear a
glycerol mutation on“the donor strain #95 chromosome. Since
strain #95 was known fo carry a siﬁglé glycerol.mutatipn,

that beifig a glp D mutation .at 74 minutes (Cozzarelli,
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o

/.

' Freedberg, and Lin, 1968), it was at first assumed that the
,wild-typ'e ssd gene was near this glp D mutation. It was
" later demonstrated that this strain also carries a glp K

mutation\ which is at 86.5 minutes (Cozzarelli and Lin,

.

1966) an}i that the wild-type ssd gene is located near the

/ N o
»

r

glp K mutation.

Strain JF:-1 waé obtained from this transduction and it

carries both the wild-type ssd gene and the glycerol

: ¢
"mutation from strain #95. : ‘ -

-0

Part III describes the transductions to strain JF-1 and

its derivative, strain JFL{2, which demonstrated that the ssd

mutation is near a functional glycerol gene on the strain

* YE2-2 chromosome. . \

Part IV describes the transductions to strains

¥

L4 , v
CU1008-D and #95 which carry mutations in their glp D genes

(éhis thesis; ’Cozzaflelli, Freedberg, and Lin, 1968) which

failed to establish linkage bgtween “the ssd mutation and‘ the

functional glp D gene on the gstrain VE2-2 chrpmosome,

- .

Pai:f: V describes how it was determined that strain JFr-1
! Q

. . .
carries a mutation in its glp K gene, a process which took

the following steps., ' \

-

i. Transductions to strain JF-1 which strongly suggested

that its glycerol mutation derived from strain #95 was not
. el S
- E

in its glp D gene. N \




.P1 lysate carries a glp K mutation.

i [

ii. An F' cross is also described which verified that the
. v

strain JF-1 glycerol mutatidh derived from strain #95 was \\

not in its glp D gene, : .

iii. An analysis of glycerol metabolism in E., coli, from

which it is seen that strain #95 which carries a glp D ;

mutation' could have gained a second glycerol mutation in its
glp K gene when it was grown in rich media.
iv.e A transduction to stPain MN-1 with strain. #95 P1 phage

v
lysate is described which demonstrated that,the strain #95

Part VI describes a transdubtioﬁﬁto strain CU1008~D

which éemonstrated that the ssd mutation is near a

funqtional glp K gepe‘which is located at.B85.5 minutes on

.the strain VE2-2 chromosome (Cozzarelli and Lin, .1966),

+ part VII describes transdhctions to strains MN-2 and

A

P4X which demonsttated that.the ssd mutation is near a

+

functional met B gene at 87 minutes on the strain VE2-2

chromosome (Jacob and Wollman, 1961; Pittard, Lewtit,

o

g
Adelberg, 1963).

Part VIII describes a 3-point transduction which
located.the ssd mutation between the met B geke and the rha

operon, nearer the rha operon which is located at 86 minutes

-

oy the strain VE2-2 chromosome (Power, 1967).
N

6
Yo

i
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Part IX describes a reversion 4tudy which proved that

- .

stfain VE2-2's complex phenotype is due to the single ssd

N v

,mutation. ' : :
Part.X describes an experimezt in which it was found
;haé”the F' 141 episome carries a suppressor mutation which

is ac$ive against the ssd mutation.
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PART I
A

The mapping procedure was started by mating strain

VEZ-ZK(STR) with four Hfr strains to find an‘Hfr strain

which is a good donor for the wild;type ssd gene so that it

~

could be dsed in a subséquent interrupted mating study.

The four strains that were mated w;th strain VE2-2
(STR) were P4X, KL209, PK191, and KL16-§9. The or&g}ns and
éirectionskin which these.strains transfer their chromosomes
are illustraged in Figure 1.

The Hfr strains and the'recipient, gtrain VE2-2 (STR)
were mated for 60 minutes and then a sam§le from each mating
mixture was taken,'vortexeé vigourously to break apart
mating pairé, dilutedy and then poured onto minimal
succinate medium supplemented with isoleucine, valine, and
streptomycin to select for wild-type ssd recombinants,

Strains P4X, XKL209, and PK191 produced high numbers of
wild-type ssd recombinants‘?s shown in Table 2, and so were
considered to be good donors.,

To.locate the wild—tYpe ssd gene more precisely, the
following interrupted mating study was performed;

Strains VE2-2 (STR) and P4X were mixed. Samples from
the mating mixture were taken at 0, 10, 20, 30, 40, and 50

minutes, vortexed vigourously to break apart mating pairs,

*»




The genetic map of E. coli indicating the polarity
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TABLE
4

Initial Hfr x recipient crosses to determine which
Hfr strains were efficient donors of the wild-type °

.

Ix

sasd gene. v
‘9 L4 ¥
Number of wild-type ssad
Hfr x recipient _fecombinants per 0.1 ml.
cross + of mating broth after a
g, 60 minute mating.

P4X x VE2-2 (STR) 1000 f v
o -

KL209 x VE2-2 (STR) 2000

PK191 x VE2-2 (STR) 100 .

KL16-99 x VE2-2 {(STR) none

]
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then plated on minimal succinate medium supplemented with

“~
isoleucine, valine, and streptomycin to select for wild-type
ssd recombinants and on minimal glucose m;dium supplemented
with only streptomycin to select for functional ilvA

recompinants.
£t can be seen from Table III that the number of both
functional ilv A gene and wild-type ssd recombinant; start
to increase significantly above %ackgggund levels at 40
minutes after mixing, which suggests that the Egg.mutation
is close to the functional ilv A gene which is located at 83
minutes on the strain P4X chromosome (Ramakrishman and
Adélberg, 1965). It also suggests by implication that the
8sd mutation is located close to the ilv A deletion an the
recipient strain VE2-2 chromosome.
. There“are, however, two problems associated with the

interpretation of this data. .,
1. Strain VE2-2 reverted frequently and produced many
revertants that were able t;,grow with succinate. This high
level of background‘”noise" made it impossible to determine
the earliest *time of marker entry by the appearance of a low
number of recombinants at early times.
Early recombinants arise from matings where there are

not excessive delays in effective pair formation and “

initjjation of chromosome transfer, and so they probably more

7 »




TABLE III

Interrhptea Hfr x recipient cross.

Hfr x recipient cross

P4X X VE2-2 (STR)

Chromosomal transfer
interrupﬁgd at x
minutes.

Number of functional
ilv A recombinants
per 0.1 ml. of

Number of wild-type
ssd recombinants per
0.1 ml. of mating

L mating broth. broth,
I'4 ' ~
0 13 22
10 14 55
3
.20 64 65 -
30 87 70
40 - 495 135
50 3250 1375
60 TNC* 2587
“ A\ ~ o
Number of functional ilv A revertants ~ 0
Number of wild-type ssd revertants 24

* too numerous to count. 4
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accurately reflect the distances between donated markers and

the origin of transfer.

TN

2. Strain P4X transfers both the wild-~type ssd gene and
the functional ilv A gene as late markers and consequently, a

these markers are both tranéferred to strain VE2-2 (S}R)

~

recipient cells over a period extending from 40 minutes to
at least 50 minutes instead of being transferred each at one
precise time, It is difficult then to determine both the

order in which each marker is transferred %nd the distance
. ¢

between them on the strain P4X.

v \




PART II T o ‘

. L

The previous mating experiment did not give a precise

\
o

. ’ “ . ——
location for the wild-type ssd gene but it did seem to

indicate that the wildiiybe ssd gene was located near the

ilvA gene which is located at 83 minutes on the strain P4Xx

chromosomes (Ramakrishman and Adelberg, 1965).

Numerous transductions were then done using strains

-

which carried mutations in genes located within 10 minutes, '

of the ilv A gene as recipients and strain VE2-2 as the

)

donor to establish linkage between the ssd mutation and ilv

A S -/

e

Among these, one transduction using strain VE2-2 as a

recipient and strain #95 as a donor which carries a mutation

in its.glpD gene at 74 minutes (Cozzarelli, Freedberg, Lin,

1968), did establish linkage between the wild-type ssd gene

and the donated glxceroi mutation from strain #95. The

glycerol mutation was assumed to Ee a glpD mutation at 74

)

‘minutes since strain #95 had previously been shown to carry

orily a glpD mutation (Cozzarelli, Freedberg, and Lin, 1968),.

*

-y In this transduction (see Table IV, transduction I),

strain VE2-2 was transduced with strain #95 P1 phage lysate,



Transductions demonstrating linkage between the

and a glycerol mutation.

TABLE IV

wild-type ssad gene

'L

3 -x.mnunuiu’@-v

v

# Recipient/Donor | Selected Unselected # of # of
cross marker marker , colonies colonies
scored with gly
mutation
1 VE2-~2/ #95 wild-type glycerol 280 2
ssd gene mutation
2 VE2-2/ #95 wild-type glycerol 236 6
: ssd gene mutation
' \
— .~ .
A s oA, 1]



transductants which had«feceived the wild-type ssd gene from
S~ ) t——
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and a se}ection was made on minimal succinate medium for
S . ub

strain $#95. These transductants were then screened on
miniﬁAI glycerol medium to determine ifégny had also

received the glp D mutation from.st;ain #95. It was tﬁen
found that 2 of the 280 ;ild—type ssd gene transductants daid
not grow on minimal glycercl medium. These had received a
mutation affecting glycerol'metabolism assumed to be a'glp D
mutation from strain #95. ' -

In the transduction then the wild-type ssd gene from
strain #95.was the selected marker and the glycerol mutation
from strain #95 was the unselected marker. Two of the
transductants had receivea both the -selected 8sd gene marker
and’the unselected glycerol mutation marker froﬁ strain
#95. “This must mean that the selected ssd gene marker and
the unselected glycerol mutation marker are on the same P1
transducing segment derived from strain #95 which had been .
received by these two transductants. Since the P1
tranéducing'ségmeﬁt is only 2 minutes long, the two markers

d
mustbbe near each other on the stfain #95 chromosome.

The tranéduction was done a second time (see Table 1V,
transduction 2), and in this case 6 out of 236 wild-type ssd

transductants had received this glycerol mutation from

strain #95.
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~ 1

Ordinarily, the co-transduction freguency between the
4 .

two markers can be used to calculate the distance between

them. However in these traqsductidns the co-trandsuction

frequency. - between the selected wild-type ssd gene and the

L4

glycerol mutation appears much lower /than it ought: tc be due

to the presence of a high number,&f uccinate-utilizing

revertants which score as having a functional glycerol

gene. Therefore, in these transduct

ionS\the/distance
. .
v
between the selected wild-type ssd gene %2d the glycerol
" ]
mutation is™indeér-estimated.

I

1

\
he fifst transduction

/
which received both the, selected willd-type ssd gene and the

one of the transductants from t

unselected glycerol mutation was selected and named strain
JF-1.

1




" transduction was not coﬁpletely satisfactory in that it -did
N v
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- " "PART III®

«

The preceding transduction to strain VE2-2 demonstrated
,35 -

"that the wild-type ssd gene is near a glycerol mutation on

the straig #95 chromosome. However, tht preceeding .
s -

; M
not provide reliable co-transduction freéuency data for the

wild-type ssd gene and the glycerol mutation which can’ be
used to determine the distarnce between the two markers.

The following traésduction to.strain JF-1 (see Table
. . ) .
Vv, transduction 3) again demonstrates that the ssd mutation

“

is near a functional. glycerol gene on the strain VE2-2

'

chromosome., This tramrsduction aleo provides reliable

. '

co-transduction frequency data for the ssd mutation and the

T
functional glycerol gene so that a distance can be

7 . It]
calculated between these two markers on the strain VE2-2

chromosome. This transduction provides reliable

>
co-transduction frequency.data because strain JF-1 carries a

| -
stable glycerol mutation and so gave only" few revertants on

minimal glycerol medium which was used to select the

functional glycerol gene transductants.

‘. .
. e

Yl
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TAELE V

~

eﬂmammsanwonm demonstrating linkage between the ssd mutation and a functional glycerol gene.

[P S .._...,“\ e d e

&
# | Recipient/Donor;| Selected Unselected # of tds. | # of tds. | Co~trans-| Calculated
cross marker marker scored with ssd duction distance
' mutation frequency| between
. - markers
3 | JF-1/VE2-2 functional | ssd mutation 118 28 24% 0.8 minutes
glycerol
) gene : _ &
4 | JFr-2/VE2-2 functional sad mutation 184 68 37 0.6 minuges
- glycerol -
gene
— 5 | JF=-2/VE2-2 func¢tional | ssd mutation 132 50 38% 0.6 minutes
: ) glycerol . " /
gene : © ,
¢
& ) ] ) o
\ﬂ ’
« i v
ATl ’ * g
f, , B = R
- q -
’y ) 4 N N
) N o
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. S
Strain JF-1 was transduced with strain VE2-2 P1 phage
lysate and a selection was made on minimal glycerol medium

2

for transductants which had n&seived a functional glycerol
gene from .strain VEZLZ. These transductants were then
screened on minimal succinate medium for those which had
also received the unselécted ssd mutation from strain

VE2-2., Of the 118 transduptaﬂts screened, 28 could not grow
on minimallsuccinate medium and therefore had also received
the ssd mutatioﬁ from strain VE2-2. ( {ﬁ

To verify that the inability to grow on m}nimal

v
succinate medium was due to the presence of the ssd

+

L

mutation, 15 glycerol—positive transductants were screened
for serine deaminase activity (Table VI)-. It was found that
9 transductants whichﬂgrg& on minimal-succinate medium
expressed low serine deaminase acti;};y and 6 transductants
which did not grow on minimal suc01néte medium expresggd
high serine deaminase activity. Clearly then, the
transductants unable to grow on minimal succinate medium had
received the ssd mutation and this inability was not due to
some extraneous reason. { .

The transduction was {fpeated twice more using strain
JF~-2 which is a'deriyative of strain JF-1 (see Table v,
transductions 4 and 5). Strain JF-é then was transduced

»

with strain VE2-2 Pl phage lysate, and again a selection was




-

3

TABLE VI

Serine deaminase activities of transductants from the JF-I/VE2-2 cross.

Transductant Succinate Serine deaminase Allele of the
ng\mber utilization activity i ssd gene
1 negative 0.0053 s8sd mutation
2 x négative 0.0040 8sd mutation
3 9egative 0.0044 884 mutation
‘ 4 negative 0.0041 88d ;:lutation
5 negative ' 0.0050 ssd mutation
6 negatiwe 0.0051 " s8d mutation
¢
7 positive 0.0005 wild-type
8 positive 0.0005 wild-type
él positive ‘ '0.0005 wild-type
10 positive " 0.0005 wild-type
1 positive 0,001 : wild-type
, 12 positive L 0.0001 ) wild-type
13 / positive 0.0001 wild-type
14. positive 0.0001 wild-type
15 . positive 0.0001 wild-type g
5
Strain VE2-2 negative 0.0039 8sd mutation
Strain JF-1 positive 0.0004 wild-type

\ e

Serine deaminase is expressed as umoles pyruvate produced/ min./ 0.3 mls.
of a cell suspension optical density 95 Kletts units.

3.




made on minimal-glycerol medium for transductants which had
rgceived the functional glycerol gene from strain VE2-2.
The transductants were screened on minimal-succinate medium
and on minimal tryptone succinate medium plates which were
later spraxed with ;qtrazolium dye, to determine those which
had also ;egeived the unselected ssd mutation from strain
VE2-2. In the first of the two transductions 68 out of 184
transductants did not utilize succinate as a carbon source
as determined by these Eyo methods and therefore had
received the ssd mutaton. In the second transduction, 50
out of 132 transductants had.received the ssd mutation,
These transductions then demonstratéd that the gég

LY

mutation .and the functional glycerol gene from strain VE2-2

?

are co-transducible and are therefore near 'to each other on
the strain VE2-2 chromosome.

These transductions also provide more information since

the co-transduction frequencies for the ssd mutation and the

,

fqnctionAl giycerol gene can be used to estimate how near
~ .
these two markers are to each other on the strain VE2-2
chromosome.
In theory, if the co-ﬁransdﬁction frequency for two
markers is high, then the two markers are'close on the donor
chromosone. Conversely, if the co—tréhsduction frequency

-

. 14
for two markers is low, then the two markers are far apart
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¥ L

on the donor chromosome. However, even in the' latter case
the two markers must be at most 2 minutes apart since the P1
éhage encapsulates only 2 minutes of a;nor chromosome. Wu
(1966) has derived a formula for calculating the distance
between two markers on the donor chr;mosome f¥om the
co-trahsduction frequenéieg.* '

.The co-transduction fr;quency obtained from the

transduction to strain JF-1 is 0.236, and this corresponds

according to Wuzs formula to a distance of 0.8 minutes

N f

between the ss8d mutation and the functional glycerol gene on
the strain VE2-2 chrdmosqme. The co-transduction

frequencies obtained from the transductions to strain JF-2

"are 0.369 and 0.379 and this corresponds to distances of

0.6 minutes respectively between the ssd mutation and the

functional glycerol gene on .the strain VE2-2 chromosome.
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The preceding ﬁ%ansduction to strain JP-1 established

' that the ssd mutation was linked to-a functional glycerol

'gene which was assumed to be the functional glpD on the

.

strain VE2~2 ¢hromosonme.

The following transductions to strains CU1008-D and #95
which carry known glpd nutations (this thesis, see Materials
and Methods; Cozzarelli, Freedberg, and Lin, 1968) were '
performéd to test if the ssd mutation was indeed linked to

L

the functional glpD gene on the strain VE2-2 chromos;me.

Strain CU1008-D was tranéduced’wiﬁh strain VE%-Z P1
phage lysate and a selection wis made on minimal glycerol
medium for transductants which had received the functional
glgg gene from strain VE2-2., The Qransductanﬁs were then
screened on minimal succinate medium"tg éetermine if they
had also received the ssd mutation from strain VE2-2
(see Table VII, transduction 6}

It was found to much surprise that none of the 40
transductants tested were unable to grown on minimal~
succinate medium. None of the transductants then had
received the ssd mutation from strain VE2-2.

Strain #95 was also transduéed with strain VEziz'P1

phage lysate and a selectiéﬁ was made on minimal glycerol



{

Transductions which

the ssd mutation

TABLE VII

failed to demonstrate linkage between the functional glp D gene and

# | Recipient/Donor -

[y
R G PNy

Selected Unselected # of tds. . # of tds. Co-transduction
cross marker marKer scored with ssd frequency
4 nutation -
6 | CU1008-D/VE2-2 | functional gsd mutation| 40 none’ 0.0%
glp D gene
7 | #95/vE2-2 functional ssd mutation| 371 none 0.0%
glp D gene
<
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medium for transductants which had received the functional

I3

glpD gene from strain VE2-2. The transductants were then

screened on minimal succinate medium to determine if they

had also received the ssd mutation from strain VE2-2 (see

Téble Vi, transduction

It was found that
were unable to grow on
the transductants then

The transductions

7)0
none of the 371 transductants tested
minimal succinate medium. None of

had received the ssd mutation.

to sErains CU1008-D and #95 then

demonstrated that the ssd mutation is not linked to the

functional glpD gene on the strain VE2-2 chromosome.

BN

AN
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PART V

It appeareduat this point that the evidence obtained to
locate the ssd mutation was conflicting. One one side, the
transduction to strain:-JF-1 which had been thought to carry
a glpD mutation demonstrated that thé 88d mutation is linked
to a functional glycerol gene thought to be the glpD gene,
Onpthe other side, t;ansductioné to sérains CU1008-p and #95
which carry known glpD mutations (this thesis, see Material
and Methods; Cozzarelli, Freedberg, and Lin, 1968)
demonstrated that the Eié mutation was not near the
functional glpD gen%.

It was thought necessary to verify that strain JF-1
carries a glpD mutation. StraingF-1 was constructed from a
transduction to strain VE2-2 with strain #95 P1 phage lysate
in whicg transductants which had received the wild-type ssd

A —
gene from strain #95 were selected. The transductants were

then screened to determine if they had also received a
glycerol mutation from strain #95. Strain JF-1 was one
transductant which had received a glycerol mutation from .
strain #95. It was thought £hat strain JF-1 had receivedaa

glpD mutatiowm, since strain #95 carries only one known ,

o

‘glycerol mutation, that being a glpD.mutation (Cozzarelli,v

Freedberg, and Lin, 1968). However, strain JF-1 could have
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received a different glycerol mutationl from strain\ #95 if
strain, #95 had somehow gained another glycerol mutation
either prior to or during the preparation of its P1 phage
lysate. |

The following eiperiments were designed to verify that

straﬂln JF-1 carries a EE_LQ mutation at 74 minutes, but
instead they prove t.hat it does not. \"

. i/ A transduction was pgrfbrmed to strain .;F-1 with
strain MAL P1 phage lysate (see Table VIII,tran;;ductions 8
and 9) selecting c‘>n minimal glycero]ﬁ m?dium for

transductants which had reteived a functional glycerol gene
/

7
from the donor strains. The transductants were then

|

screened on minimal maltose medium for those whlich might

have also received the malA deletions which arel’z located ngr t

| \
to the functional glpD gene at 74 minutes on the donor
chromosome (Hatfield, Hofmung, and Schwartz, 1969).

\

All the transductants, however, were able to\\utilize
maltose, v;hich indicated that there was no co-transduction
with the donated functional glycerol gene which enabled the

. transductants to Jgr:ow on minimal glycerol medium and the
malA deletions. The donated functional glycerol gene then
is unlikely to be the glpD gene since if it were, there

should have béen linkage with the malA deletions.

¢
,



Transductions which demonstrated that

.

TABLE VIII

strain JP-I does not carry a mutation in its glp D gene

# Recipient/Donor |rSelected A@mmmwmonmm # of tds. # of tds. Co-transduction
cross marker marker gcored carrying frequency
- unselected
- marker -
8 | JF=-1/ 157 functional mal A 21 ) none 0.0%
glycerol deletion
- gene - -
9 | JF-1/7019 functional aro B 105 none 0.0% -
glycerol mutation .
- gene
10 | JFP-2/7019 functional a functional 50 none 0.0%
mal -A operon glycerol -
gene
enabling ’
glycerol .
-~ utilization
. -

.
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%
A transduction was also performed to strain JF-1 with

strain 7019 P1 phage lysate (see Table ';IIII_,‘transduction 9)
gelecting transductants able' to‘ut-ilize glycerol which then
had retceived the~fuqctional glycerol gene from the donor
strains. The transductants were then screened to determine
if they were dependent on exogenous shikimic acid,

phenylalanine, tyrosine, and tryptophan for growth on

minimal medium, which would have indicated that they had

" al'so received E_he aro B mutation located at 73.5 minutes on
| a-°>° °

)
g

(\\

the donor chromosome (Pittard and Wallace; 1966) .
All the transductants, however, grew on minimal medium

without the aromati'c amino acids which indicated that there

\v\zas no co-transduction with the donated functional glycerol

géne which enabled the transductants to utilize glycerol and
the aro B mutation. The donated functional glycerol gene
ther; is unlikely the glp D since if it was, there should
. ¢ -

have been linkage with the aro B mutat‘ion.

It was concluded from these two sets of transductions
to strain JF-1 that strain JF-1 probably carries a mutation
in a glycerol gene other than its glp D gene ancli that the

transductants received the corresponding functional glycerol

gene from the donor strains to be able to utilize glycerol.

e
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'

ii. In the next experiment, strain JF-2, a derivative
gF strain JF-1 which carries the same glycerol mutation and

also a Amutation in its mal A operon, was transduced with

0

strain 7019 P1 phage lysate and a selection was made on
minimal maltose medium- for tr‘ansductants which had received
the functional malA operon from strain 7019 (see Table VIII,
transduction 10). The transductants ;le~re then screened on

minimal glycere®l pedium, since some of the transductants

must have also recedved the functional glpD gene from strain

7019. |

’

" None of the transductants, however, was able to grow on

minimal glycerol medium which indicates that the
]

co-transduced functional glpD gene was not able to give the

transductants the ability to utilize glycerol.

’

It was concluded then, that since a donated functional
\ §
glpD gene does not restore the ability of strain JF-2 to

utilize glycerol, that strain JF-2 and therefore strain JF-1
. Ly
most'likely carry mutations in a glycerol gene other than

»

" their glpD gene, °

~
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TABLE IX

+

which demonstrated that strain JF-2 does not carry a glp D mutation
but instead must carry a mutation in-amdther glycerol gene.

Merodiploid

. Merodiploid Probable merodiploid dehotype
merodiploid |properties of the selection phenotype Am\\QMImVV
. > F used '
7 N b VaS L
F 140/JF-2 carries a functional{maltose ‘maltose utilizing,| functional mal A mal A mautation
’ mal A operon and a utilization| glycerol non- operon, ] functional glp b
N functional glp D . utilizing functional glp D gene, and a
i gene on a chromosome , : gene mutation in
segment extending another :
o from 68-80 minutes. 3 ) ’ glycerocl gene.
P’141/3F-2 |carries a funttional|maltose maltose utilizing,| functional mal A mal A mutation
mal A operon and a jutilization| ‘glycerol non- operon, " functional MHM D
. functional glp D u¢ﬁwwwnw:a . functional glp D gene, and a
gene on a chromosome . gene “ mutation in N
segment extending another

from 68-~74 minutes

glycerol gene.

-
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ii/ The preceeding transductions did not rule out the

pgssibility that some kind of.local‘genetic rearrangement
could have occurred on the strain.JFJ1 chromosome which
would have placed the glpD mutation at'argreater distance
from its malA operon and aroB gene, and thereby interfered
Qifh thg co~transduction of donor markers,

To remove this possibil{ty the following experiment
which employed F' episomés wis performed (see Table Ix)f
The donors were‘strains 4289 and 42}8 which carry the F'140
and F'1§1 qpisomgs regspectively SBachmann, personal
communication). The g'140 episome carries a chromosomal
segment which exte}ds from 68 to 80 minutes and it carries a
ﬁunctioﬂil glp D gene and‘a functiona£ mal A (Low, 1955)
operon. The F'1§1 episome carries a chroﬁosomal‘segment
which extends from 68 to 74 minutes and it also carries .a
functional glp D gene and a functional mal A operon (Low,
1972).“THe recipient was strain JF-2 which car;ies both a
glycerﬁi mutation anq\a mal A mutation and so i£ cannot grow
en' both minimal glycerol medium and minimal maltose medium.

Strains 4289 and JF-2 and strain JF-2/F*140
merodiploids which had received the F'140 episome carrying

E

its functional mal A operxron were gselected on minimal maltose

meddium. - Strains’ 4248 and JF-2 were also mixed and strain
L}

JF-2/F'141 merodiploids which had received the F'141. episome

N *

-

(e

o
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carrying its functional mal A operon were selected. These
v Ve _ -

merodiploids then had received either the F'140 or F'141

episome carrying their functional{glp,D‘genes. However,

-

these merodiploids did not grow on mfhimal-glycerol medium.

It is obvious that for strain.JF-2 to grow on minimal-
glycerol medium another funcgional glycerol gene lggzted
outside the chromosom regions from 68 to eo_minuteg and
from 68 to 74 minutef covered by the F'141 and F'140
episomes respectively is required. It was concluded then
that strain JF—Z‘aﬁd thierefore its parent, strain JF-1, must
carry a mutation in -another glycerol gene anJ not a glp D

) {
mutation.

If strain JF<£1 then carries a mutatioﬁ in another
glycerol gene and this mutatién is derived from strain #95
P1 phag; lysate, then sérai; #95 which is known to carry
only a glpD mutation must have gained a gecond mutation in
another glycerol gene,

In order to understand how strain #95 could have gained

a second*glyéemol mutation, some'aspects of glycerol
L

metabolism in Escherichia coli are discussed.

In E. coli, ‘glycerol enters the ‘cell by facilitated
diffusioﬁ (Sanno, Wilson, and Lin; 1968) and then is
phosphorylated b& an ATP-dependent glycerol kinase to

L-®¢-glycerol phosphate (Hayaski and . Lin; 1965), which in

“
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Figure 2

Pathways for the dissimilation of glycerol
and glycerol-phosphate in E. coli. -

(Cozzarelli, N.R. W.B. Freedberg, and E.C.C.Lin, 1968.)
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\ N
turn is cbnverted by L-A-glycerol phosphate dehydrog?nase to

dihydroxyacetone phosphate (Cozzarelli, et al., 1965),ra
glycolytic intgraediatet

"The genes that code for these transport proteins and
enzymes that are involved in aerobic giycerol metabolism are
located at two widely separated sites on the E. coli
chromqsome but their exp;ession is co-reghlated (Cozzarelli,
Freedberg, and Lin; 1968).

The glpK gene ‘codes for the ATP-dependent glycerol

kinase, and is located at186.5 minutes (Cozzarelli and Lin;

»

1966).
The glpD gene codes for for L-«{-glycercl phosphate

dehydrogenase, and is located at 74 minutes (Cpzzarelli, .

f

Freedberg, and Lin; 1968).

Strain #95 carries a mutation in its glpD gene and so

it expresses a defective L-od~glycerol phosphate
dehydrogenase (Cozzarelli, Freedberg, and Lin; 1968).

Strain #95 then cannot mtilize glycerol as a carbon source,

®

since its glycerol metabolism is blocked by its inability to

convert L~o{~glycerol phosphate to dihydroxyacetone

‘ )

phosphate, "

K

b JE . . s
In addlthy, and what is relevant to this study, strdin

a

#95 cannot grow on certain other carbon sources in the
e

presence of glycerol (Cozzarelli, et al; 1965). Strain #95

~

{

b

-~

*ie
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when confronted with glycerol, takes it up from the medium
and converts it to L-q~glycerol phosphate, but it cannot
convert L-o-glycerol phosphate to dihydroxyacetdne.

L-d~glycercl phosphate then accumulates and reaches

'
.

concentrations inhibitory to growth.
Strainé like strain #95, which carry a glpD mutation,
can overcome thﬁ-growth inhibition caused by the présence of

glycerocl by gaining a second glycerol mutation ih its

glpKk gene (Cozzarelli et al; 1965). These strains then will

express a defective glycerol kinase (Cozzarelli and‘Lin;

|

1966), and so will be unable to convert the incoming

glycerol to toxic L-%-glycerol phosphate.

Strain #95 was cultured on rich media during its
routine handling and during the pgeparation of its P1 phage
lysate. It was later learned from Dr. E.C.C. Lin (personal

correspondence) that these rich media contain trace

Iy

quantities of glycerol which are possibly growth

<

inhibitory. It is possible th®mn that strain #95 gained a

glpkK mutation, whichfmight bezcarried by the strain #95 P1
phage lysate which was used to transduce straﬁz JF-1.

" }
To test whether the strain #95 P1 phage lysate carries

1

a glpk mutation located at‘86.5\minutes,’the following

transduction was carried out. Strain MN-1, which carries a

. '

metB mutation located at 87 minutes and requires exogenous
— . 1

methionine to grow  on minimal medium {(Jacob and Wollman}
N {

.g ) | ~
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TABLE X

.

et
Transductions demonstrating that strains #95 and JF-1

carry glp K mutations.

# Recipient/Donor Selected Unselected . # of tds. # of tds., | Co-transduction
.cross ¥ marker marker scored with glp K frequency
! mutation
8
11 MN-1/ #95 functional glp K 76 - 52 68.4%
_ met B gene mutation .

12 | MN=-1/JF~-1 functional | glp K 72 32, 44.4% -

- . met B gene | mutation !

PN

& e

[ —
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1961; Pittakd, Lowtit, and Adelberg, 1963), was transduced
with strain #95 P11 phage lysate (see Table X, transduction
11).. Methionine independent transductants which had

received the functional metB gene from strain #95 were
selected. These gransductants were then screéened on minimal
glycerol medium to determine if any had aLQo received a g&gﬂl
mutation from the strain #95 P1 phage lysate.

It was then found that of the 76 transductants screened
on minimal glycerol medium, 52 did not grow indicé%ing that -
éhey had received a glpK mutation from the strain #95 P1

)
phage lysate.

The preqeeding experiment proved that the strain #35 P1
phage lysate carries a glpK mutation. It ié poss%ble then
that strain JF-1 carries a glpK mutation derived érom a

3

transduction in which strain VE2-2 was tranaduced with
- .

B

strain #95 P1 phage lysate. o N

To test this possibility, strain MN~1 was transduced

with P1 phage lysate prepared on strain JF-1, and a

selection was made on_minimal medium for transductants which

»

had received the functional metB gene from strain JF-1 (see

Table X, transduction 12). The transductants were then

screened on minimal glycerol medium to determine if they had

also received a glpK mutation from strain JF-1.

-
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It was found that of the 72 transductants screened on

minimal glycerol medium, 32‘%id not grow, indicating that
they had received a glpK mutation from strain JF-1. The

\ transduction then proves that strain JF-1 carries a glpk

\ mutation.

-
1

The story’ now seems to be clear. Strain JF-1 carries a
| glpK mutation derived from the strain #95 P1 phage lyhateﬂ

. ' When strain JF-1 was transduced with strain VE2-2 P1 phage
\ \ )

lysate and a selection was made for transductants that grew
. \
on minimal glycercl medium, the transductants selected

i probably had received a functional glpK gene from strain

VE2-2. Some of tﬁese transductants had also received the

s . .

unselected ssd mutation from strain VE2-2 which means that

the ssd mutation is probably linked to the functional glpk

gene on the strain VE2-2 chromosome.

' .
|
|
non
. !
]
. ) { - N
- - 3 - <
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- PART VII

The next transduction is to strain CU1008-X which

\

"

carries an identified glp K mutation (this thesis, see
Materials and Methods) and was performed to verify that the

ssd mutaton is indeed near gvfunctional glp K gene located

at 86.5 minutes on the strain VE2-2 chromosome (Cozzarelli

%

and Lin, 1960).

Strain CU1008-K was transduced with strain VE2-2 P1
pha;e lysate and a selection was made on minimal glycerol
medium for transductants which had received a furictional
glp K gene from strain VE2-2 (see Table XI, transduction -

. . .

13). The transductants were then screened on minimal-

succinate medium and also on minimal tryptone succinate

medium plates which were later spiayed with tetrazolium dye,

to determine if any of the transductants had also received
the ssd mutation from strain VE2-2. It was found that 35
out of VQ’trapsductants could not utilize succinate as a

4
gcarbon source as determined by these two methods. The 39
out of 80 transductants then had also received the éii
mutation ftém strain VE2-2. This represents a
co-transduction frequencxgof O.4Y, which accofding to Wu's

formula means that the ssd and the functional glp K gene are

0.4 minutes apart ‘on the ‘strain VE2-2 chromosome, \ K|




PART VIII

It should be poésible to determine lingage between the
88d mutation and otger functional genes located in thg
region of 86.5 minutes on the strain VE2-2 chromosome.

Strain Mﬁ—z which carries a metB mutation
.(Bachmann, personal communication) at 87 minutes (Jacob and
Wollman, j961; Pittard, Lowtit, and Adelberg, 1965; was

transduced with strain VE2-2 P1 phage lysate and a selection.

-
«

was made for transductants which had received a func&ional “/ -
> . )
met B gene from strain VE2-2 (see Table XI, transduction

14y, These transductants weére then screened on mwinimal————— o —

1,

.succinate ﬁedium and on minimal tryptone succinate medium

pfétes which were later sprayed with tetrazolium dye to
determfne‘if any had also received the ssd mutation from -
strain VE2-2. Among the 80 transduciants‘screened, 39 were

-
found to be unable to utilize succinate as a carbon source

aé determined from these two tests, These ;9 out’;g 80

transductants then had alsp_feeeived the ssd mutaéion.
This represen%s a co-transduction frequency of 0.49,

for the met B anq thenggg mutation which corresponds to'a

distance of 0.4 minutes between the two markers on the

strain VE2-2 chromosome. < . .



Transductions demonstrating linkage between the ssd mutation and a functional glp K gene, and between the

TABLE XI

ssd mutation and the functional met B gene.

<

X
# | Recipient/Donor | Selected ,Unselected # of tds. # of tds. | Co-trans-| Calculated
cross marker marker scored with- ssd duction distance
- > mutation frequency| between markers
13| CU1008-K/VE2-2 functional | ssd mutation 74 35. 47.3% 0.4 minutes
glp K
gene y
14| MN-2/VE2-2 ctional | ssd mutation 80 39 49.0% 0.4 minutes
1} E m -
ene
) /(\\Jl)/
15| Pa-x/VE2-2 functional | ssd mutation 96 12 12.5% | 1.00 minutes
met B . 7 )
gene . q

.
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Only one of those transductants which had received the
ssd mutation as ‘determined by its inability to grow on

minimal succinate medium was tested for its serine deaminase

activity, that transductant showed high activity. The

correlation between high serine deaminase activity and the

.inability to utilize succinate as a carbon source is tested

more rigorously in the next cross,

Strain P4X which also carries a met B mutation (Jacob,
. cw '

Brenner, and Cuzim, 1963; Jacob and Wollman, 1957; Jacob and
Wollman, 1961) was also transdu;ed wi th stfain VE2-2 P1
phage lysate,'and a selection was made for transductants
which had received a functional met B gene from strain VE2~2

¥
(see Table' XI, transduction 15). The transductants were

then screened‘on minimal tryptone succinate medium which
were later sprayed with tetrazolium dye, to determine if any
had received the igg.putation. Amoné‘ihe 96 transductants
screened, 12 were unable to utilize §uccinate as a carbon
source. These 12 of 96 transductants then had received the
ssd mutation.. This represents a co—tr;nsduction frequency
of 0.125 between the functional met B gene and the ssd

mutation, which corresponds to a distance of 1.0 minutes

between the two markers on the strain VE2-2 chromosome,
L



TABLE XIX

-

Serine deaminase activities expressed by transductants from P4X/VE2-2

cross.
Serine

Transductant| Succinate deaminase Allele of the
number utilization éctivity 88d gene

1 negative 0.013 8sd mutation

) 2 negative 0.013 .| 88d mutation

3 . negative 0.0098 ssd mutation

\ 4 negative 0.0098 8sd mutation

| 5 negative 0.0071 8s8d mutation
. 6 positive 0.00094 wild-type
T g A positive | 0.00061 wild-type
8 positive 0.00061 wild-type

‘{Strain VE2-2 negative 0.0094 884 mutation
Strain P4-X ;ositive 0.0615 wild-type

+

* Serine deaminase activity expressed as,
umoles pyruvate/min./ 0.3 mls. of a cell suspension
optical density 95 Klett units. N

o

-
b
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"indeed received the ssd mutation.

. 1
To verify that the inability to utilize succinate was

due to the presenée of the ssd mutation, 8 transductants
were screened for serine deaminase activity (see Table -
XII). : It was found that the 5 transductants which did not
utilize succinate expressed.high serine deaminase activity

and the 3 transductants which did utilize succinate
expressed low serine deaminase activity. This perfect

N

[ , 1 -
correlation for succinate non-utilization and high serine
deaminase activity strongly suggests that those 5

transductants which were unable to utilize succinate had

a

The co-transduction frequency between the met B gene

and the ssd mutation is much lewer when the trangduction is

4 2

done to strain P4X than when the transduction is done to
strain MN-2. However, this co-transduction variability is

common when transductions are done to different strains

(Beckwith, personal communication). The co-¥ransduction

]

frequency then cannot be relied upoﬁ“to accurately locate

~ ~

the sad hutatig:;t::isji'? 3-point transduction is usually
used to locate mu 6ns. \Such a 3-point transduction which

. 4-, °
was used to locate the ssd/ mutation is described in the next

P -~

sgction,

o
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*1967), a mutation in its met B gene (Bachmann, personal
. u T r

. - .
Pittard, Lowtit, and Adelbérg, 1963), arnd a wild-type ssd

) -

PART IX : \

+
¢ . . .
The preceeding 2-point transductions demonstrated that

the ssd mutation 'was near the functional glp K ar® met B
genes on t&% strain VE2-2 chromosome. However,

. . “ VO PR
co~-transduction frequencief are variable and so an accurate

-
~

placement of ‘the ssd mutation could not be made .

- -

<, . r - P
The followingf3—pointqtransductign was used to locdte: ¢
the ssd mutation more prpciself (see Table %111). Strain ‘
MN~3 vas the recipient strain and it has the following"
. , s & .

relevant genotype; a mutation in its rha operon (this L

! 2N i

fhesis; see MaterYals Qnd'Methéds)qaﬁ 86 minutes (Power,

communication) at 87\Erﬁ6€és (Jacob and Wollman, 1961;

3

ES

L

" R Lo .
gene located dround this 86-87 m%nute r&gion. Strain VEZ-2

was the donor s€rain and it has the following relevant

o
genotype; a-functional rha operon at 86 minutes, a .7
X . — v '

N

(° . Lo L
functional met B gene at 87 minutes and an ssd mutation

]
'

located around this 86-87 minute region, ‘ -

Strain MN-3 (Rha™, Ssd*; Met™) then was transduced with »
s'train VEZ—Z (Rhat, Ssh‘, Mett) p1 phage lysate and a
selection was made on minimal glucose medium left ~
unsupplémented with methionine to select for methionine
. / , ' - -
. “ i 4
" @i' , ' v
v B 1
s 1l ’
L] ~ N
. . , \, 2
* s iy ’
- . ﬂ *
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The 3-point cross which demonstrated gmﬂ G..b

TABLE XIII

met B gene and the rha operon.,

&

e,

2
%

Recipient/Donor cross vﬂlumw\wwlw . N e
Selected marker funstional met B gene - e : . S :
% m——T1 .
Transductant Génotype of, Phenotype of Frequency of
class # ‘ Transdyctant class transductant class transducant class -

1 rha mutation (Rha~,ssat, Mett) . - 61.6% ) ]
wild-type’ 8sd mm:m. . “ N

- m::onwoumw metB om:m . - -

2 rha mutation, Aﬁrml.mwml.30ﬁ¥¢ 7.6% . X N
ssd mutation o7 o T .
n:znﬁ.oamw metB .mo:o. - ‘. -

“ v k-
3 functional rha (Rhat*, ssd™,Mett) mwx 28.88 ., T T R
; Ina 4
operon, mmm = L ) .
mutation, functional -
met B gene - . = i

4 functional rha operon,| (Rha‘t,ssa* Met*) 2.0% ’ b .
wild-type ssd. gene, e .
functional metB gene | / . N

. B - e . v .
/(\rz\)/.\N = ° ! ’ R4
-, ) . ) ) R 3
- ) ’ : Cas
& -~ - b .
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) ~

independent transductagts which had received the functional
met B gene from strain VE2-2. Then 198 transductants were

screened toédetermine whether their .rha and ssd markers were

2
derived from strain MN-3 pr strain VE2-2,

»
i

The following 4 transductant classes resulted:
Class I (Rha"™, Ssd+, Met?) transductants carry the wild—typg

ssd gene from strain MN-3 and the rha mutation also from

~ Pl

strain MN-3.

class II (Rha~, ssd~, Met't) transductants carry thle ssd i

mutation from strain VE2-2 and the rha mutation from strain

MN"3¢

Class III (Rhaz, 8sd~, Mett?) transductants carry the ssd
\mutation from ét;ain VE2~2 and the functional rha gene also
from strain VE2-2.

Class IV (Rha', ssd*, Met?) transductants carry the

{

wi&d-type ssd gene from strain MN;3 and the functional rha’

N

ene from strain VE2-2.

The distribution of the transductant classes was aé_
follows: Class I (Rha™, Ssd*, Met*), 62%; Class 1I1I

Cou

(Rha™, Ssa~ Met*), 7.6%; Class III (Rha', Ssd™, Met*), 29%;

Class IV (Rhat, ssa*, Met*), 2s.

1

' The position of the ssd mutation in relation to the

'metB and rha genes can be determined from this data’. .
Ty ’ ’ . 13
1 ' 4 “
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- 78,

If the gene order were rha, s#sd, met B), th;h
~ ' A
transductant classes I, II, and III should be common since
these result from a single recombination event between the
straih VE2-2 transducing segment and the strain MN-3
chromosome but the transigctant class IV éhoul% be rare

since it results from tw? recombination events. If the gene

order were (ssd, rha, met B) then transductant classes I,

-

ITI, and IV should be common since‘the§ result from a single
11 .
recombination event but the transductant class II should be

rare since it results from a double recombination event., If

the gene Yorder were (rha, met B, ssd) then all four

transductant classes should be common since all result from

- ~

a single recombination event. A

One can identify thé correct. gene order by comparing

the predicted transqﬁctant élasé distribution for ‘each’of

»

\ .
the three gene orders wlth the actual transductant class

9

distribution, obtained. It was' concluded. then that the gene

order was-(pha, ssd, met B) since classes I, II, and III

were common and c¢lass IV was rare (2% )\«



The reiative diétances between the s8sd mutation and the

\

rha genes at 86 minutes and the met B gene at 87 minutes can
also be.determined from the transductant class distribution
data. |

To determine the distance be tween the met B gene and
the ssd mutation, the foliowing formula derived by Wu (1963)

. i

is used.

~ o ' .

N1 = 1 - (1 - t/k)3

where, N1

[t}

number of class i. / total number of

transductants / transductants
N / excliuding class iv.
- !
/ which are numerically

/ T insignificant.
P ‘
k = length of transducing segment = 2 minutes,
9

~

t = distance between the met B gene .and ¢
ssd mutation. v

A}

* By inserting the wvalues, 'obtained in these experiments,
the following equation is obtained.

~
0.63 =1 « (1 - ty2)3 - N
) LS
which when solved for t gives,
‘ >
t = 0.56 minutes.
»{ P4

Tﬁzriﬁore; the distance as calculated between the met B

RS

and the ssd markers is 0.56 minutes.

i 1
1
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’ N
To determine the distance between the ssd mutation and
. —_— ’

the rha genes the following‘fqrmula again derived by Wu

(1963) is used. .

N2 = (1 - t/2)3 - (1 - 872 - t/2)3

where, N2 number of ' class ii./total number of trans-

-«

transductants / ductants excluding
/ class iv., which are
) /numerically insignificant.
Vo ) k = length of transducing seqmént = 2 minutes.,
| O t = distance Setween the met B gene and

the ssd muéation.

s = distance between. the ssd mutation and
‘ 1

rha genes. . .

By inserting the values the following equation is obtained.
0.077 = (1 - 0.28)3 - (1 - s/2 - 0.28)3

which when solved for s gives,

’

8 = 0.106 minutes. T /V

\ Therefore, the distance as calculated between thej;sd

B .mutation aﬁd the rha genes is 0.106 minutes.

In conclusion then the ésd mutation is located between

the rha geneg,at 86 minutes and the met B gene at 87
minutes, and it is closer to ‘the rha genes.

! - d .
“+Phe \mapping of the ssd mutamﬁon then is completed.

/
‘
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! PART IX
‘ . e
: To determine if the ssd mutation is a single -

‘ pleiotropicagene, independent revertants which had regained ~
the ability to égo; on minimal sucéinate medium were

selected from strain VE2-2, ana then their serine deéminase
aqtivftigs wefe assayed‘(see Table XIV). Eleven independent
re;ert;nta were assayed for serine deaminase activity. Of

these, 8 expressed low serine deaminase activity, comparable

to that found in strain CU1008 which 1is the parent strain of

strain VE2-2 and of these revertants. It is clear that the
A -

i

mutation in each of these revertants which restores the
ability to g:Bw on minimal succinate medium also restores
}ow serine deaminase activity.

-The m&éation in each or some of these revertants may

have occurred within the s8sd gene in which the s8sd mutation

is located, and thereby restored at least quasi-normal .

&

function to the gene. Or the mutation in each or some of
these revertants may have occurred in another gene and then
suppressed the ssd mutation. In either case, the fact that
one mutation restores both the ability to grow on minimal

succinate medium and low serine deaminase activity proves

that the ssd mutation is pleiotropic.

Temeaten v RN S TN o s e 5 g, amhie oL



. TABLE XIV -
; &+
Serine deaminase activities expressed by revertants which
have regained the ability to utilize succinate.

14

\ Revertant Serine mmm&wrwmm wmdmnnwwnA Serine deaminase
number activity number activity

1 0.0013 .7 - @.ooam
2 . 0.0012 ‘ 8 040009
3 - 0.0009 9 __ 0.0033
4 0.0009 -.10 ) 0.0074
5 0.0012 | SR . 0.0095
6 0.0013 SRR

Strain <mw|w Strain CU1008

(ssd mutant) 0.0094 {parent) 0.0009

Serine deaminase is expressed as umoles mwﬂcmwﬁm\awn-\o.w mls. of a
cell suspension optical density 95 Kletts units.

-
v

) s T /ﬁ

o

i 2N
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Of the 11 revertants, 3 expressed intermediate and‘ high
4 .
actiwvities. It i8 clear that the mutation in each of these

i

rever tants which restores the ability to grow on minimal

succinate medium'eith‘er changes the high serine deaminase

. 4
activity found in strain VE2-2 to intermediate act’fivities
Y

or does not affect it.

The mutatioh in’ each or some of these latter revertants

may have occurred in the ssd gene and then festored only

partial function to that strain. Or the mutation in each or
some of these revertants may have occurred in another gene

and then partially sﬁppressed the ssd mutations, Thirdly,

n

the mutation in those revertants which still express very
@ . ‘

A

high_ serine deaminase activities may have occurred in another
~

gene and then suppressed only the succinate negative

"character of the ssd mutation.

o -
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' S PART- X

The experiments described in parts I-VIII unequi vocally
map the ssd mutation next to the rhamnose operon at 86
mi‘nutesv. The experiment described here demonstrated that
the F'140 episome carries a suppressor gene which ‘suppresses
the ex‘pression of the ssd phenotype.

This experiment involved the donor strains 4248 and
4289 which carry the F'episomes, F'141 and F 140
respectively (Bachmann, perfonal communication), and the
recipient, strain VE2-2 (MAL)(see Table XxV). The F'140 .
episome carries a chromosonal ;egmen't which extends
approximately from 68 to 80 minutes and it carries a
functional mal A operon at 74 minut;as’ (Low, 1972). The F'
141 episome carries a chromosomal segmént_which extends
approximately from 68 to 74 minutes and it also car;.'ies a
functional mal A operon at 74 minutes (Low, 1972)., Strain
VE2-2 (MAL) carries an ilv A deletion (Levinthal, personal

'

communication): at 83 minutes (Ramak‘rishman‘ a‘nd Adelberg,
1965), the ssd mut‘a’tion at 86 minutes,and a mal A mutationr
(this thesis, see Materials and Methods.) at 74 mir‘xu_tes
(Schwartz, 1966). ) ,

Strains 4289 and VE2-2 (MAL) were crossed and strain

VE2-2 (MAL) /F' 140 merodiploids which had received the F'140

episome carrying the functional mal A operon were selected.

1



m\N VE2~2 (MAL) crosses

]

TABLE XV

which demonstrated the presenceg of a suppressor on the F 140 episome.

F \\émnﬁzﬁv

Some known Merodiploid | Merodiploid Probable merodiploid genotype
merodiploid _ [properties of the selection; phenotype Am\\<mwlmﬁzbbv
F used # gelected 3
m\dhO\<Mw|N carries a functional| maltose maltose nﬁwwwnwza.. functional mal A mal A mutation
(MAL) mal A operon on a utilizati®nh;}| succinate - operon, ssd ssd mutation

chromosome segment
extending from
68-80 minutes N

-18 selected

utilizing (16 out
of 18), isoleucine
and valine depend-
ent,

suppressor

ilv A mutation

F ‘141 /VE2-2
(MAL)

=

carries a functional

mal A operon on a
chromosome segment
extending from

68-74 minutes.

maltose
utilization;
17 selected

AN

maltose utilizing,
succinate non-
utilizing,
igsoleucine and
valine dependent.

RN

functional mal A

mal A mutation

operon

ssd mutation,
ilv A mutation
o G




" 86

"I‘hese merodiploids were then screened f<'>r succi’nai‘:e
utilization. Strains 4248 and VE2-2 (mal) were also cro§sed
and strain VE2-2 (MAL) / F'141 nerodiploids which had
received the F'141 episome ca'rrying the functi‘onal mal A
oéeron were‘ selected . These merodiploidé were a‘lso ‘screened
for succinate utilization. It was found that 16 of the 18

strain VE2+2 (MAL) / F'140 merodiploids grew with

"guccinate but none of the 17 strain VE2-2 (MAL)/ F'141

merodiploids were able to use succinate. These results

demonstrated that the F'140 episome but not the F'14) 4

episome carries a gene which suppresses the ssd phenotype

with respect to the inability to grow with suceinate.

(The serine deaminase activity of the merodiploids was not

t

determined).

. The most likely reason that; o‘nly 16 of the 18 strain
VE2-2 (MAL) / F'140 merodiploids grew én supplemented
minimal succinate medium is that the F'140 episome is
particularly prone to deletion formation (Bachmann, .
personal communication)., The 16 meriodiploids which grew
received an F'140 episome viﬁfch carried the suppressor
gene. The other 2 merodiploids which did not grow probably <
received an F'140 episome in which the suppressor gene was

dele ted.



To verify that the F'140 episome does not extend past
80 minutes to as far as the wild-type ssd gene‘at 86
minutes, .the strain VE2-2 (MAL)/F'140 merodiploids were
screened on minimal medium withoﬁ‘t exogenous isoleucine and
\valine(see Table x;l). It was reasoned tﬁa;t if the F'140
episome does not extend far enough to include the
functional ilv A gene at 83 minutes which i's required by
the merodiploids to grow <;n minimal- medium, <then it does
not extend to é6 minutes t(') include the wg.ld—type 8sd gene
e
at 86 minutes.
None\of the merodiploids j:n fact gre.\'v on minimal
, medium without exogenous isoleucine and valine, which
indicated that the F'140 episome is l,imiteé in .length from
74 to something‘{l‘ggg”‘than 83 minutes. .It was concluded
1-;hen that th{”‘/};('hto episome must carry a suppressor gene.

}/ - /
That the F'140 episome which carries a' chromosomal

segment which extends frdem 68 to 86 minutes, carries the

&
3

suppressor éenq and that the F 141 episome which carries a

chromosomal segment which extends from 68 to 74 minutes
. »
does not carry the suppressor ,gene; does not necessarily
mean that the suppressor gene is located between 74 and 80
. Y1

minutes. The F'141 and F'140 episomes were isolated from

different strains (Low, 1972) and it may be that the strain
. . I ,

from which “the F 140 epf%ome is derived carries the



o

L

’

suppressor gene and the strain from which the F'141 episome
is derived does not Qarry the suppress}r gene,

’ ’ It might be indeed that some strains also carry a

' <o ~ 7

- '

suppressor gene which is-active on the ss8d mutation. It \\“h"

+
has been seen that strains CU1008-D, P4X, and MN-2 will
. ,

h° express the ssd mutation when the ssé mutation is

«

introduced into them by transduction. Clearly then these

v

strains do not carry the suppressor gene. However, it

seems that strain DB313 will not express the transduced ssd

[

mugption (data not shown). 1It is poésible that strain

DB313 carries a suppressor gene and it is even possible

’ +
i

that it might be the same as the F'140 suppressor gene.

)
S el g st . O s T 3t e 4 e . - . T N S,
' o ‘
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[CT— « DISCUSSION ~ .
. . .
° N < ~ . . !
F‘ .-The efPeriments in this thesis demonstrated that:
~ T ~ . . ;
1. - the 'sgd mutati&n is located at 86 minutes betwelen the
™~ e . A .
met "B and rha genes, ' . Ve ‘ P
-* ! .

/-—I

2. ' The ssd,mdéatiog is plelotropic.: J
3. A suppressor mutation-exists on the F'140 episome

° —~

which is active against the ssd mutation,

4o Strain DB313 may carry eitﬁg} the same or some other
> ) ’ Co /

suppressor mutation which is active against the ssd

mutation, . ' .

[N

N

This discussion is divided intp four parts. The first

three considdr the evidence on which the conclusions liéted

above are based. The last part &éals with the probabie

- > .

s

‘origin of strain VE2-2. \ .
, .
part I considers the evidence on which the assignment
of the ssd mutation to the 86 minuté region of the N

. : - ‘ - ! 2 L4 3 N : Y
chromosoge is based. This evidence includes a series of

'
¥

transductions éhowing lihk#ge of the ssd mutation to the

met,B and glp K‘yénes which are located at 87 and 86.5
" 4 v . .

minutes respectively (Jacob and Wollman, 1961; Pitﬁard

~

~ N L

et al, 1963; Taylor and Thoman, 1964; Cozzarelli and Lin, |
et al T | ‘ !

1966f\§nd from a 3-point transduction which placed the 8sd

¢ . \ .

<

4
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mutation between the met B and rha genes, but closer to the

i
-

rha genes located at 86 minutes (Power, /1967).
— - ,
part II considers the evidence from which it was

- —_

concluded that the ssd mutation is pleiotropic. ' This

]

'evidence.come&\from a study of revertants in which it was

shown that both the.indb}}ity of strain VEZ—é to grow on
‘minimal Succinate medium and its high serine deaminase
L J

activity are caused by its ssd mutation. Another study of

»

-

revertants performed by Newman, Isenberg, and Quetton '

(unpublished data) is discussed in which it was shown that :
. ) . ‘\ , g‘

all the strain VE2-2 characteristics are derived from the

P .

ssd mutation. It was also shown that the reversion in 8 of

.
-

these' revertants tested had occurred in the same gene "in

v .

which the ssd mutation is located.

~

w -  Part III considers ﬁTe evidence from which it was ’ \

concluded that the F'140 episomg/paffies‘a suppressor

¥
-\mutatlon whlch .is active againgt the ssg mutation. It will

also be shown that the ssd mutatlon 1s not expressed when

“
» -
e .

it,ié transduced into strain DB313, suggesting that the -
) LW

*
‘

strain .carries a suppressor mutation.active against the ssd
» ~ N + b . ' l\
8 npdtation. {

' A S N
Bart IV discusses the origin of strain VE2-2 which may
. 2 .

be a,transductant or a mutant selected in a transduction
experimeﬁt. [> ’ X \
y . ‘ \
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v

tocation of ssd on the E. coli Genome
- K ' Linkage E? glp K o 9 .

e .
The linkage 'of the ssd mutation to _the glp K gene is g
. ., % _— to

\\‘baged on transductions to three Sstrains JF~1, JF-2, and
"‘ ! \ =~ ) . ‘ — ‘ N
CU1008-K which carry mutations in their glp K gene (this

thesis) located at 86.5 minutes (dozzarelli and Lin, o

£ . .
' .

1966). This mutation causes an enzymatic deficiency in the. ' b

.

' L
use of glycerol as a carbon. source, and so these strains

then cannot grow:on minim%}'glycero} medium,

~

The strains were transduced with phage lysate prepared

. on strain VE2-2, and transductants able to grow én minimal,

' L8 .

glycerol medium were selected. These transductants mus t
. A [ R .
- ’ have received a- functional glp K gene from strain VE2-2.

P S

\ These transductants were then 'screened for'theix abi;ity to - .
. . | < )

utilize succinate as a carbon - 'sourde. ' These transductants

-

that were unable to” utilize succinate nust have received
the ssd mutation along .with the functional glp K from
strain VE2-2. The ssd mutation then was co-transduced with N

- the selected functional glp K gene.
. 2 . , \ =

- N

The Co-transduction frequency is indicative of the

-, Conn M . .
distance between ;heﬁ@lp K gene and the ssd mutation on the ’

. '

strain VE2-2 chromosone. If the- co-transduction frequency

A ' ‘
is high this means that the two markers are close

. . .
[ ' s . S
S ]

» . L]

A . ) ; ‘ i




) ) - ‘ 3
- s i together., If the co—transductign frequency is low, this
means that the two markers are far apart. . Howeve;!'them
- s ' ‘ i ’ ' v . e

fact that any cd-tgansduc%}on‘at all occurs me??s that' the

Pl
» .
a

two markers are within 2 miﬁutes of each other, since the

.
- - ~

P1 phage can only'encaésulate 2'minutes.of QOnbr”

e - »

r - \
/ .. chromosome. . o . .

+

-

b : The distance between two mdrkers on the donor
. h s R ' } [y .
chromosome can be calculated from the c¢o-transduction

frequency by the ﬁse.qf the formulaJderived by-Wuﬁ(1966).
i

X

The transduction to strain JF-1 gesulted in a'
- '\'. <
co-transduction freguency of 0.236. TQis cof?qsp&ﬂas to
. . I\"

digtance of 0.8 minutes between the ss8d mutation énd the

glp K gene., | v ‘ » .

The transduction to strain JF-2 was done twice. The

. o
* 4

)

co-transduction frequency that was obtained in the first
tréniductibn was 0.37; and that in the second transduction

was 0.38. This’cqrresponded to a distance between the'glﬁr

==

K qeﬁe and the ssd mutation of 0.6 minutes. The distance

N " caldu;gted between the. ssd mutation and the glp X gene when
_— | = : .

strain, JF-2 was the recipient then is different than the

'

1
s distance when strain JF-1 was the recipient,

v

-



~

'

)
'

It islnot like h t't_t.yis, difference in di‘stanc‘e:

éalculate‘d betw;een the ﬁgxmut.ati-on an‘d\gahe glp k gene- and
. hence the differenceé in coft,rar;;dlicti‘“on frequencies c:an Be
agcount*ed for by differences between §tra’ins. _Strain JF=-2

.

- ot N t ) . . .
. is différent from JF-) in that it carries § mutation in its
. . " . . 5 ' . ) N
mal A.gene. In all other respects the two strains are
_—= o - ; A
. P .-> s a;
isogenic. " The mal A mutation in strain JF-2 is located at

. r ,
74 mﬁutes (schwartz, 1966) and is at least 10-hinutes away

L]

N . ’ -
from the region in.which the recombination events take

b
place dugin,g the transduction. 'Thérefore, the mutation

[N
B}

should npt.\taffect tfiis process.

It might be that the differenee in co-transduction

frequer{‘_cies are cauysed by differences in experimental

tech'nique (Bachmann,)Low, Taylor, 19765._ The transduction
. . . s

O ~

. » ) '
to strain JF-2 was done according to method I (see Material

and Methods). The transduction to strain JF-1 was done
. ,

< - ) .
according to,method II (see Mater_ials and ‘Methods). The

.

transduction to JF~1 was the only transduction described 'in

s
L ]

ﬁt}‘lfis thesis that was dgn% according to method I. The two

experimental techniques dif}\zr in many respects. According

s to Bac.hman‘n\‘_e_a:g al (1976) differences in transduction

- N ' * . iy . K}
techniques*might account for differences in co-transduction

] 3 '
freque_n_gies)» They did not say though, how%ifferent

*

"



trapnsduction /techniques might inf luence the lh‘olecular
. v £}

N .
-

events that.are involved in the recombination process.
. & . )

A,

»
q .
It might also be that the djfference in

co-transduction frequencies are due to 'simple sStatistical
o, . ’ ' B ‘ .

* .wvariances that can occur from experiment to experiment
L

’
'

1

(Bachmann, Low, Taylor,. 1976). © ,

4

The co-transduction frequency obtained .when this

transduction-was done to, strain CU1008~K yas'0.473'which is

consistent with a distance of 0.4 minut‘es between the ssd

-

matation and the functional glp K gene. The
’ .

s - " -

. co-transduction obtained in this tranhsuction is somewhat

higher than that obtained from the two transductions

. previously discussed where strain JF-2 was thé recipient.
- ' . o
This higher value may be $due to the smaller numbexz of

transdﬁcta’nts involved in the co-transduction frequency
calculation resulting in statistical error. However, it is
possible that differences in the type of DNA present in the
! ! - .',1- .
ey 5‘:

region where the recombinaton p;:oces'sr is occurring might ‘be

» responstble forythe differences 4in co- transduction

[

2

.

‘.
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’
1

Strain JFR-2 carrieg DNA derived, from straip #95 in the
region around i s glp K mutation; since its glp K mutation .
is'derived.from strain #95. This can be seen by examining

'

'its" histo'ry as follows: Strain JF-2 is a derivative of

'stra;‘.m JF=1. This strain JF-1 is 'ip turn a deriv‘ative of'

strain VE2-2. Strain JF-1 was obtained from a t‘r,axisdnuction

in which strain VE2-2 was transduced with strain #95. pP1
phage lysate, and in which the selectdon:-was made ‘fbr

. -
transductants which had recei ved the wild-type ssd gene
. . —

from strain #95. Strain JF-1 was one of the transductants
B ’ « -

which had also received the glp K mutation from strain

#95, Strain JF—1 then carries a length of DNA derived from
. +

strain 95 which includesd bqfh the wild-type ssd gene and

the glpK mutation. The construction of strain JF-2 from

,

strain JF-1 does, not require any changé in DNA content at

v

this ssd -'glpK region. T

.
»

IStrai'n CU1008-K does not carry any foreign DNA in the

’

r‘egion around its glp K mutation. .

v

> Both 'strains JF-2 and CU1008-K are derivatives of

.
. ~

Y ~

Straimr-CU1 008+~ —They are isogenic except at 86 minutes in

[

o

the region around their glp K mutations and at 74 minutes

where strain JF-2 carries a mal A mutation,



‘recombination events so that a high‘e’r;‘n'umber of

° ' - - 6 -

U / . -, \

-

Both  of these straihs.were transduced with strain

1

-
~
1] d

VE2-2 1;~1 phage lysate. ! Strain"VE2-2 is a der_ivative of

v

'strain CU}008. However, the nature of its DNA at the ssd -

glp X région is not certain. It may carry only strain

-

-
»

‘CU1008 -~ derived DNA or it may carry both_ strain CU1008 -

1 N - ' b
derived DNA-and‘'strain MS845 -~ derived DNA whiich would
e ;

o ‘ '
include the ssd mutation. ' ’

. . :
In eitheér case it n}ight be that there is a higher

« "

degree of homology between the strain VE2-2 transducing

2]

nd the CU1008-K chromosome, than between the .

strain VE2=

fragment

ansddcing fragment and the strain JF-2.

chromosome ich éarries strain #95 - derived DNA'riot
1]

present fn strain VE2-2.".

It might also ‘be that this higher degree of ‘homology

that exists between the strain VE2-2 transducing fragment

and the strain CU1008-K chromésome affiects the i o

. e

.

transductants carry both the ssd mutatio.n and functional

glp K gene. Conversely, it might .also be that the lower
. - 3

degree of homology tlat exists between the strai‘n"VEZ_—z

.
.

transducing fragment and the 'strain JF-1 chromosome affects
2

the recombination events 8o that a lower number of ' -

., -
transductants caxxy both the ssd mutation and the

fun‘ctional glp X gene. '
P v

A
O

s s e - . e s »

.



R ‘ \ .

q To summarize, the'.transductions to strains JF-1, Jf‘-z,
N . . - ~ - '

2

nd, CU1008-K ‘established that t};e ssd jutation is located -
andy t the s8Sd & \

J
o _‘-«/

The co-transduction frequencies vary

near the glp. K gene.,

from 0.236, to 0.37, to 0.473 when strains JF-1, JF-2, and

cu1008-K ;espect'ively are used \as recipients which may be

« due to experimental differences, strain differences, and:

- ¥

ingsufficient data (Bacfnnann-, Low, Taylor, 1976). i In any h
case, ‘the important point Here is that the ssd mutation is

unmis takably co-transducible with the gip K gene, which
. . P Ll AL L

. v .

shows .thdt the ssd mutation is located near the glp K gene.

»¢



B LINKAGE TO met B Doy

The linkage of the ssd mutation "to the met B gene is

based 'on transductions to strains. MN-1 and P4X which cérry'

.
¥

mutations in their met B gene (Bachmann, 1972B; Jacob, v

Brenner, Cuzin, 1963; Jacob and Wollman, 1961; Jacob and

-

wWollman, 1957).loéakgi\ft 86.5 minutes. (Bachmann, 1972A;

Taylor and Thoman,‘f964; cob and Wollman, 1961; Pittardr

& 1

Lowtit, Adelberg, 1963).. As a consequenée, these strains
cannot grow on minimal medium without exogenous methionine.

The strains were transduced with P1 phage lysate
% T ' .

prepared on strain VE2-2 and transductants were selected

v

for their ability to grow.on minimal medium in ‘the absence
of exogenous methionine. The transductants that were

obtained had received the funtional met B éene from strain

.

..
VE2-2, Thése methionine independent transductants were

3
3

then screened for their ability to utilize succinate as a.
]

carbon source. Transductants which were unable to utilize

succinate were judged as having received the ssd mutation

from strain VE2-2. In these transductants the ssd mutation
]

had been co-transduced along with, the selected functional

met B gene, ' )

-

/



&

" co-transduction frequency of'0.49. This corresponds to a.

“mutation on the donor chromosome.

“d

LD
1

The transduction to strain MN-1 resulted in a

.

- L

v

distance o#.0.4 minutes between, the met B and the ssd
. ' : ! 4 -
A
T~

The transduction to strain P4X resulted-in a

co~transduction fxeqﬁehcy of 0.13. This corresponds to.a

+

‘\\ + ’ . M +
distance of 1.0 minutes between the met B gene and the ssd
¢

mutation.
.

It was hoped that a comparison of the co-transduction
frequencies obtained when the transduction is to the met B
and glp K markers-would determine on which side of the glp

[y

K gene the ssd mutation is located. Transductions to the
N 4
glp K marker indicated that the ssd mutation was “about 0.5

minutes distant from the glp K gene.. These transductions,

however, could not ‘provide any information as to whether

¥he ssd mutation is on that gide of the glp K gene on whigh

’il . .
the met B gene is located:-or that side on which the
. L g

s

rhamnose operon is located.. .

1f the ssd mutati&ﬁ were 0.5 minutes distant from the
glp K gene on the met B side, fhen iﬁ should be located
very close *to tﬁé met B gene at 87 minutes: It would be
expected then that ;he transduétions to met B, wouldvresult

in high co-transduction frequencies.

.
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/ If the ssd mutation were 0.5 minutes distant from the

glp K geﬁe on the. rhamhose operon side, then it should be

. ;
i . - 7

. located very clo%ﬁ to the rhamnose operon at 86 minutes. -

In this case, it would be expected that the transductions

to the met B marker would result in low co—transduction

frequencies.:

! , However, s{gce Hifferent co~-transduction frequencies

. - were obtained Qhen the téahsductiOn was done to strains P4x .
and MN-1, it.was impossible'to predict.with any certginty
k\ where the ssd mutation was l;cated with respect to the glp

.K and met ﬁ genes.

The cb-transductioh”diffe;gnce-as seen with strains

P4X and MN-1 téy be attributable to one as a possiblé

combination of fictors which may include physiological and

genetic difference between strains, and statistical

variance from experiment to expenﬁment (Bachmann, Low,

Taylor, 1976).

a
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. . [ 3
w© : The ‘most .precise location for the ssd mutation now

r

. WG
available comes from a 3-point transduction in which strain -

"

N 4 ,')
MN-3 (Rha~, Ssd™¥, Met~) was transduced with phage lysate

prepared on strain‘VEi—Z (R§a+, Ssd~, Met™ anad

) ) . ’
e - transductants which had received the functional met B Bpne

] .
from strain VE2-2 were selected. These transductants were

then screened to' determine if their ssd and rha genes have

A —

their origins‘from the JF-1 récipient chromosome or &(om

the_strain VE2-2 transduciﬁg fragment.
: 4

‘. - o -
The four transductant classes resulted with the .

following per cent distribution (see also Table 9):

i/ (Rha~, ssd*, Met*);,62.0%, ii/ (Rha”, §sd~, Met*); 7.6,

.

iii/ (Rha*, ssda~, Met*); 29.0%, iv/ (Rhat, gsdt, Mett);

2.0%.

.
Bl s

The correct gene order can be determined by comparing

3
\

. the above experimental distribution of transductant classes

with the predicted distribution of transductant classes for

each possible gene brder.

!

I p&here are three possible géne orders: 1/ (rha, ssd,

{ (]

a

metB), 2/ (ssd, rha, met B), "and 3/ (rha, met B, ssd).

-

.

et

-

~=

.-




s

‘ ad

If the gene ordér wére 1/ (rha, ssd, met B) then two

recombination gvehts would be required to fgfm the | 4
transductant class iv/ (rhd?, ssdt, mett) and ‘hence this~

v’

transductant class would be rare,.

= If the gene order were 2/ (ssd, rha, met B) then two

)

Q

recombinant events would bhe required to form the

transductant class’ ii/ (Rha”, SQ&’, Mett) and hencg this

>
& :

transductant class would be rare. N
v " »

-

4 I1f the'gene order were 3/. (rha, met B, ssd)}, then one

)

recombinant event only is required to form all four

transductant classes, and hence all four will be common .

~

It can be seen on,examination of- the expdrimental’

[ ' '

distribution of transductant classes that the traQsductant

-
v <«

class iv/ (Rha't, ssat, Met+} ig rare. The transductant,

class iv/ (Rhat, ssat, Mét?) then likely results .from two'
<
£ .

recombination events. 8ince the gene order 1/ (rha, ssd,

- .

“met B) is the only gene order which yields transddctant

: ' . . , 5
class iv/ (Rhat, ssat, .Mett) after two recombination™
. . - ~ .

events, gene order 1/ (xha,‘ssd, .mef, B) is the correct

gene order.

+
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met B gene.
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. ) . E -

1.3
-~ '

] ! ' -

It is well established Fh&% the rha génes and the met

B gene are located at 86 a?d 87 minutes Eespectively. It

«

was shown that the preceeding analysis of the transductant
i

class distribution ‘obtainef in the 3-poipt transduction

established the ssd mutation between the rha qenes'éhd the

It will now be -shgwn that additional analysis

'of the same transductant class distribution establishes the

.

relative\distancé between the ssd mutation and the rha -
, ’ - / —

genes on one side, and the met B geve on the other.
- 1 4

Again for convenience, the four transductant classes

obtained and the following per cent aistributions are given
.

-

(see also Table X): i/ (Rha™, ssd*, Met*); 62%, ii/ (Rha~,

ssd~, Mett); 7.6%, iii/ (Rhat, ssda~, Mett); 29.0%,

\ 8

iv/ (Rhat, ssat, Met?); 2.0%. . ' ‘ .

All the transductant classes pick #ip the selected

. R
functional met B gene from strain VE2-2.

Class ii/ (Rha™,
ssd~, Met?t) and class iii/ (Rha*, ssd~, Met') transductants-

also pick up the ssd mutation from strain VE2-2. If the

ssd mutation is closer to the functionah?&et B giﬂgﬂané

therefore is further from the functional ‘rha genes on the

i

strain VE2-2 trans'ducing segment, then more of the general

3

(ssd~, Met*) transductants should not carry the strain
o~ . H ~
/ 4 ‘
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VE2-2 transducing segment's.functidnal rha genes but rather

the recipient .rha mutation. More class ii/ (Rha™, Ssd~,

Mett) transductants than class 1iii/ (Rhat, 'ssd”, Mett)

transductants then should be obtained.

\ -
Oon the other hand, if th% ssd mutation is_ closer to
the functional rha genhes and therefore is further from the

\

functional met B gene on the strain VE2-2 transdueing‘
segment, then more of the general ‘(Ssd~, Met')
transductants should carry the strain VE2-2 transducing

segment's functional rha genes than the recipient's rha -

' > /
mutation., Fewer class ii/ (Rha”™, Ssd”, Mett) transductants

than class iii/ (Rha't, ssa”, Mett) transductants then 4

¢

gshould be obtained. ,

L3 Kl
If the distribution of transductant classes 1S now

W . .
examinéd one can see that the class ii/ (Rha”, ssd

, Mett)
transductants are less frequent than, 6 class iii/ (Rha+,

Ssd",Met*) transductants . which suggests that the ssd

mutation is eloser to the functional rha gene than the

\

functional met B gene on the strain VE2-2 transducing
— _— ,
segment.,
To obtain a numerical estimate of the distance between

these markers, formulae derived by Wu (1966) for 3-point
~

transductants were used. The distance between the met B

! Y

e AR




&

- \A,

and the ssd markers was calculated as 0.56 minutes. . The
« ' L™

distance between the ssd and rha markers was' calculated as

0.11 minutes,

However, if the distance between the met B gene and

1

the ssd mutation of 0.56 minutes is added to the distance
between the ssd mutation.and the rha genes of 0.11 minutes,

, T )
&he distance between the met B gene and the rha gemes comes

\ .

to 0.67 minutes which is not consistent with the published
distance of 1.0 minutes., (Bachmann, Low, Taylor, 1976).

rs

’A better estimate of the distantces between these

L]

markers could have been calculated if it had been possible
to obtain for comparison the galculated distances derived

.

v

from transductions in which the functional rha genes and x{

\ ‘A
the wild-type ssd gene were selected. Bachmann, Low and

Taylor (1976) reported that large variations in distanceés
’ |

calculated from co-transduétion data can result when th

seleggion‘is shifted from marker to marker. Q'
{ + .

Transductants which had réeceived the functional rha
genes from strain VE2-2 were obtained when a strain CU1
diriviative carrying a RHA mutation was transduced with
strain VE2-2 P1° phage lysatg, and a selection was made on

‘ L v » :
minimal rhamnose medium. It was expected that many of
these Rhat transductants1shou1d also carry the ssd mutation

""b°" '

since the functiod&L rha genes and the ssd mutation are

located close together on the donor
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strain VEZ-2 chromosome. However, none tested carried the,

. .

1 ssd mutation. Apparently, the selection of Rhat

Y

tran dgctants selects against the Rhat transductants which

carry the ssd mutation.

-

The selection agdi?st the (Rha?, Ssd~) transductants
may be explained by the fact that strains which carry the

ssd mutation grow more slowly than their parent strains.
) v

The growth defect was first observed on minimal medium
supplémented with'gluqose as a carbon spurce..It may bé‘
more pronoﬁn;ed on mihimal medium supplementedmwith
rhamnose which is a poorer carggn source; If this were ‘true
\then the (Rhat, Ssd*) transductants woﬁld have appeared on

the transduction plates well before'the (Rhaf, Ssd”)
- ® N + - + ~
transductants. The (Rha™, S§sd™) transductants would have

been picked and screened for the other markers..while the

(Rhaf, Ssd™) trénsductants would probably have been missed.

To obtain transductants which'carry the wild-type ssd

gene, strain VE2-2 would have had to have been transduced

G

wi% strain JF-2 P1 phage 1y§ate and the selectign made on-
}
1 ]

— . \ Lt - h
mirfimal succinate medium. However, this would not have

- -

been a satisfactory selection since strain VE2-2 gives rise

to numerous revertants capable of,growing on minimal
) ,

’
-

succinate medium and these revertants would have been

f-

confused with the Ssd+ transductants.,

7 -
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> . PART II

o . A REVERTANT STUDY

Strain VE2-2 differs from its parent strain CU1008 in

~ : : Y : 13 . s 2
that it expresses high serine deaminase activity, it is
unable to grow.on minimal succinate medium, it is more

PN ‘ .

sensitive to sodium chloride, flouride,. and low pH levels,

and it 'is unable to grow under anaerobic conditions (Newman

.
-

t al, unpublished data):

The revertant study presented in the Results section,

strongly suggested that at least two of these strain VE2-2

characteristics are due to its ssd mutation.  Of nineteen

-

revertants which had been gdlected for their ability to
. 5 .

utilize succinate ag a carbon source, thirteen were found
A ] . .

which expressed ¥Xow serine’ deaminase activity. . ) to.

\

One of the following three models of .-geneti®q events

\

probably explains how the revertant mutations in the
- .
~thirteen reveartants both &nable them to grow on minimal

succimate medium and cause them to Mxpress low serine

. .\ t
deaminase activity.

1. The revertant mutations may have occurred in -the same

gene in which the ssd mutation is located, and thereby

gene.
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2. The revertant mutation may have occurred in a gene

0

other than the gene in which the ssd mutation is

[ % . [
located, and then suppressed the ssd mutation.

3. The inabilfty to grow on minimal succinate medium and
R .
high serine deaminase. activity may be caused by two

different mupations. The revertant mutations'thén may

have occurred as an extragenic suppressér in a gene
) ‘ )
different from the two genes in which the mutations

. .
are located and suppressed poth mutations.

0f the 11 revertants, 3 vere found that d4did not .
A

express low serine deaminase activity but instead expressed
intermediate and high activities. This means that the
mutation which enable the revertants to grow on minimal

succinate medium also in some cases change the high serine

~
v

deaminase activity found in strain VE2-2 to intermediate
activities but in other cases they do not seem to affect

the high serine deaminase activity found in strain VE2-2.

<
1

, one of the 3 following genetic models should account

for how . the revertant mutations affect the ssd.mutation in

- -

these 6 revertants. ’ -
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succinate utilization is generated.
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' 4
The revertant mutation may ﬁave occuEred in the ssd

gene in which the ssd mutation is located but restored

only partial function to the gene so that while the

revertant grows on minimal succinate medium it #

exﬁ%esées intermediate and high serine deaminase

Ll

activity. 1“’)

The revertant mutation may have occurred iﬁfanother

C : .o 2
gene other than the ssd gene. and partially suppressed
the ssd mutation so that the revertant grows on ’

minimal succinate medium and expresges gither high or

inter-mediate serine deaminase activity

The revertant mutation may have occurred in another
gene other than the ssd gene which enables the

revertant to grow on minimal succinate medium but does

\ ,
th suppress the ssd mutation at the genetic level so

Fl

that high serine deaminase activity is still -

expressed. Here the revertant mutation. must operate

at the gene product level so that a new pathway for
]
3 »
]
The revertant

mutatidp does not interfere with the ssd mutation-at .. _
Al

the molapular genetic level, that is it does not
1

affect tﬁ@nscription or translation of the ssd gene.

\ .-
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That all the mutant charactefistics'of strain VE2-2

are. derived from the ssd mutation was concluded froﬁ*

ahother revertant study (Newman,. Isenberg, apd Quetton,

\

unpublished data). Here, 23 revertants were selected for

their ability to grow on minimal succinate medium.

All 23

revertants expressed low serine deaminase activity, were
resistant to sodium chlo;ide, fluoride, and low pH levels,

and were able to grow under anaerobic conditions. This

means that the mutation which enables the revertant to grow

3

on minimal succinate medium also restores the other strain
VE2-2 chardcteristics to normal.

Again the revertant mutations in some of these
v

revertants may have occurred in the ssd gene in which the
s8d mutation is located and thereby restored the normal
222 ~

some function of the ssd gene, or the revertant -mutations

in some of these revertants may have occurred in another

’

gene other than the ssd gene and then suppressed the ssd
" e . __
mutation. Both reversions mechanisms are consistent with

the view that the gsd mutation\is pleiotropic. It ‘is

unlikely that a pleiotropic ssd mutation does not exist,

and that instead a number of mutations cause the strain

VE2-2 characteristics because it.is unlikely that a

revertant mutation would have suppressed all these

mutations. Therefore, it was concluded that the ssd

mutation is pleiotropic.,
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That the revertant mutation in B of the revertants

tested had occurred in the ssd gerie was concluded from the

following transduction experiments (Newman and Quetton,

[

lunpublished data). Strain CU1008 metB was transduced with

\

P1 phage lysates prepared.bn these revertant strains, and a
selection was made for transductantslwhich received the
functional met B gene from these fgveftants. Some
propor;i;;\b£>xhese transductants should have received the

a
ssd gene from the revertants because the ssd gene is

co-transducahle with the met B gene (this thesis). If the
& 1]

reversion were due to a mutation in another gene, the

revertants would still carry the ssd mutation and- transfer

.

it to some of the met B™ transductants.
When 100 transductants from each of the 8 transduction

were screened it was found that all expressed the strain

CU1008 phenotype, that is, all were able to grow on minimal

succinate medium.

-~
N 14

' ‘ This then completed the proof that the gsd mutation is
I pleiotropic. The ssd mutation in the ssd gene causes the
strain VE2-2 phénotype. The revertant mutation in the same
ssd gene restores the normal function to the ssd gene and

then the strain VE2-2 phenotype is no longer expressed.




’ PART III

~

Evidence For a Suppressor

’ oOne of the experiments in this thesis showed that a

suppressor of the ssd mutation is present on the F'140
I -

episome. Two episomes were used in the stiudy;  the F'

140

episome” which carries the suppressor and the F'141 episome

which ﬂveﬁjnot. The F'140 episqme carries a chromosomal

segment which extends ffom 68-80 minutes but the limits on

either end are uncertain. In any case, it was proven that

the F'140 episome does not carry a fuanctional ilwv A gene

whiﬁh‘is located at 83 minutes (Morris, unpublished data)

which means that it doesn't carry any chromosomal material

past 83 minutes and in particular that it doesn't include a

wild type ssd gené which is located at 86 minutes.

Nevertheless, when this F'140 episome is put into strain

VE2-2, it restores the strain CU1008 phenotype to strain

s

deaminase activity of the strain VE2-2/F'140 episome
merodiploid was not tested). It seems then that the
episome carries a suppressor of the ssd mutation.

The F'141 episome carries a chromosomal segment

extends from 68~74 minutes. When this F'141 episome

VE2-2 at least as regards succinate utilization (the

serine

F'140 ,

which

is put

into strain VE2-2, it does not restore the strain CU1008

o A ki solabniabd SR et
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f
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phenotype., It seems then that the F'141 episome does not

{

carry a suppressor of the ssd mutation.

The fact that the F'140 episome which carries a
, .

chromosomal segment which extends_from 68-80 minutes
carries a suppressor and that the F'141 episome which

carriesré chromosomal sggment which extends from 68-74

R - 1A <
minutes, does not carry a suppressocor, does not' necessarily

.

mean that the suppressor is located between 74-80 minutes
N N > \

since the F' episomes were dgrived from different strains
z A RN
({Low, 1972). It might be that the strain from which the F

»

140 episome was derived carries the suppressor and the
' ~

strain from which the F'141 episome.was.derived does not.

It does indeed 'seem likely that some strains carry a

suppressor of the ssd mutation and some strains do not. It
. x

has been shown in experiments in this thesis that the ssd

J ’

mutation can be transduced by linkage to the met B gene
into strains P4X, CU1008-M, and JF-1 and that the “ssd

mutation is expressed in #hese strains. None of these
P
- <

) i
strains then could have a suppressor of fhe ssd mutation.
1
However, when the ssd mutation was transduced by linkage to

the met B gene into strain DB313, none of the transductants .

[

expressed the ssd mutation. This suggests then that strain

ey

DB313 may carry a suppressor of the ssd mutation.

¢



U ‘ .
N I5 . '
'Ahmad (unpublished data) has .also investigated this
? subject further and shown that the strains KL14, KL228,. and

2847 each catry a suppressor of the ssd mutation.

- toaw . N R L L

.



- PART IV

A Debate .On the Origin of Strain VE2-2

It is not yet certain whether strain VE2-2 is a
. - i

transductant or a mutant that was selected during a ////
-

, . | N

transduction.

Strain VE2-2 was isolated in a transduction expériment

-

designed to transfer the wyb mutation to strmin CU1008. The

recipient strain was transduced with strain MS845 P71 phage

’
-

lysate and what were believed to be trapsdhctants were
selected on minimal medium supplemented with serine as the
T -

sole carbon source.

<

From an examination of the selection plates used in the

transduction, it at first seemed likely that strain VE2-2 is

-

a .transductant. No colonies appeared on the control plates
to which a 0.1 ml aliquot of an overnight culture of 'strain

CU1008 was spread. _ Several hundred coloﬁies'though appeared

on the ‘transductant plates to which a 0.1 ml aliquot of a

suspension of strain MS845 P1 phage lysate treated strain
. ! ]

CU1008 cells was spread. This is a typical result of a
hl

successful transduction. ‘ '

5 .

> If strain VE2-2 is a transductant then it should carry

 the wyb mutation derived from strain MS845. (The strain

VE2-2 mutation was temporarily named ssd). It was expected

Ly



-

.

~~transduction that enables it .to grow on
! .

. 116

¢ v

that strains: VE2-2 and MS845 should express the same

/phenotype. "Howeveér, even though their phenotypes are

similar they are not idéentical. This suggés;ed the

4 ]

possibility that the ayb mutation does not express itéelf in
. T .

the samie way in the different genetic batckgrounds presented
1 N -

by these ‘two strains. ¢

- . « -
. -

If strain VE2-2 is a mutant then the ssd .mutation is
strain VE2-2 would

d(ging the

minimal medium ¥

»

not derived from strazn MS845. Instead

carry an independent mutation picked up

supplemented with serine as .a source of carbon and nitrogen.

It h&s been demonstrated that it is possible to isolate

-~

mutants from strdfh CU1008 on this medium that express a

gimilar

data).

unpublished )

‘Phenotypé as strain VE2-2 (Gilbride,

v

Two such strains %Fre‘isolqted.

One strain

resem?les strain VE2-2 in that it expresses high serine

o .
-

deaminase aqt1v1ty wheén grown on minimal glucose medium, it
at ¢ - N Y
is unahle to utilize succinate as a.carbon source,
R . J
. I
The other strain is no} so similar to

strain VE2-2, since unlike strain VE2-2 it'expresses low

and it is

4

fluoride sensitive.

serine deaminase activity when grown on minimal glucose

Y
[}

<@
medium, but like, strain vE2-e~{} is unable to utilize

r A .

Xy R 3 . M ‘. : :
sﬁcgrna;e as 'a carbon source and it is fluoride sensitive.
. 1 *

-
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N

It has recently been shown

.

mutations which like the ssd mut
with the met B gene (Gilbride, u

This suggests that these mu

may all belong to a unique’ class

\
¢ .

since: 1/ they were isolated on
)
2/ 'they' cause similar pleiotropi

them that have been mapped are 1
‘v
mutation is at-86 minutes.

.
~

‘Clearly the only way to dec
It

-

- '
»

ssd mutation is the same or diff

4

o wyb-mutation. If they are the sa

likély.to be a transductant. If
. o & .

Co different from the wyb‘mutation/

"0 be a mutant. :
. o
. o The most direct way to det

v
s mutatidns are the same or diffe{

the strain VE2-2 ssd mutation in

i3

and wyb mutationﬁ are the same,
1

! transductant should have almost

MS845 since strain W4977 in  the.

. S

that similefr mutants capry

ation are co-transducible
1

npublished data).,’
tations and the ggé mutatién_
of pleiotropic mutatioﬁs
tﬁe same selective mediunm,
¢ phenotypes and 3/ some of
ssd

ocated near to where the

9

\

N

ide 1f strain VE2-2 is a

v ,transductant‘&n a mutant- is to determine if the strain VE2-2

Y

erent from the strain MS845

me, then strain VE2-2 is

b

the s&d mutation is

then strain VE2-2 is likely

°
K

-

&,
rmine if the ssd and wyb
& A

.
ent would be to tgénsduce
to strain W4977. If the ssd
\‘f ' —
then the strain W4977
the same genotype as strain

parent of strain MS845, and

<




therefore should express the strain MS845 phenotype. If the
ssd and wyP mutations are different, then the strain W4977

transddctant should carry the‘stréin VE2-2 phenotype.

It is now possible to do such a transduction since the

~7 ssd mutation has been mapped and shown to be co-transducible .

«

with the fupctional met B gene. A strain W4977 derivative
Jhicg car;ies a mutati}n in its met B gene can be transduced
with strain QE2—2 P1 phage lysate, and a selection made for
transducfant which carry the functidnai met B gene from
strain VE2-2. The transductants then can be .screened to-
deterﬁine if any exéiess either the straﬁ&FMSB45 or strain
VE2-2 phenotype.

Anothe{/;ay~to deter;ine.if the ssd and wyp mutations
are the same or different would be to transduce the stréin
MS845 wyb mutation into ;train cuUu1008. If .the ssd and wyb
¢ &utations'aré the samei then the strain CU1008 %rangductant
should express the strain VE2-2 phenotype.

To do such a transduction a strain CU1008 derivative
which carries a mutatioﬁ in"its met B gene can- be transduced
with str;in MSé453P1 phage lysate, and a sélection made for
tran;ductants,which barry the functional met B gene grom
strain‘MS845. The transﬁacéants then can be screened £o
determine if any express either - the dStrain MS845 or VE2-2

A
>

pPhenotype.

-t

- “ én
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