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o The .enzyme serine transhydroxymethylase (STHM)'nast'
been considered to be the only enzyna resbonsib@e:for;sig-“
nificant glyoine biosynthesis in E. coli. Téus strain
Ai2046 orevidusly snown to lack thie enzyme reqnires exo;

4 genous glycine for growth. Mutant strainzt (JEV73 and

JEV73R) 1solated from AT2046 and 1acking STHM are showp here

a )

<. to derive their glycine from a new pathway‘{nvolv1ng endo—
o ° et - *
‘ ~genously synthesized threonine._; R .

> 77 " Leucine is shown to be closely involved in th.eJ

% P / \\;
—— regulation bf this pathway for glycine biosynthesis, -

Q possibly by increasing threonine converqion to glyCine.- >
o ‘A possihle interpretation for the metabolism of
JEV73 and JEVY3R as regulatory mutants of AT2046 is presen-
ed. It is suggested that leucine may have a role i& the

‘ regulation of nitrogen metabolism in the cell
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~° , then bhe rev:.ewed. This :mcluaes. cons:.d\erable amount of

Lo . INTRQDUCTION T

-~ M r . -~
. ‘e » :
' SR "In f‘heglast twenty yearsg- the blosynthetlc pathways
\ « i .
leadlng to most of the comuon L—ammoaca.ds have -Been eluci- N

dated.” Most-of these'- amlno acids are synthesized, b¥ a single’
r \ . . .

* . pathway made ﬁp either of one énzyme orFof a .series of -
< enzymes. However, in the area of, ser1ne-glyc1ne blosynthe-f o

4515 the poss:.b;LLJ,ty hag ansen that ‘more than oné blosynthe-‘ :
L] , ‘ . }
w

tic route ex:t.sts. One pathWay of ly01ne blosynthe51s in .
N M - N .
1i, ¢ n » v d 1 < ‘
%scherichla coli, fn\w.high SEfl e is~converted to g yc:me by \

iserine transhyﬁroxymethylase -(8STHM) is® already«-wéil known.

" fThe present 1nvestlgatlon was done to determlne whether
oot

another pathway of glyc:.ne biosynthesis mlght ex1st 1n

- -E. col:.‘ to mvestlgate the nature of such a pathway,‘ and
- v ]
to determlne the extent and c:.rcumStances fé\r J.ts use. -

[y

hd L2

o

. l, ) "~ In this introduction the ev:x.dence for the presently
accepted pictuz:e of serine -‘ giyqine biosynthesis will be .

d‘:lscuss_ed, "I“hig; discussion will také the form of a review

e ~of the evidence for a ’single'pathway from glncose to ser_ine

and serine to glycine and-a &wésion of the nature of -

"this pathway. A survey of studies on the interconversion:,

of serine to glycine will aiso. be included‘ Work onz -

a K

possible alternatlve blosynthetlc routes to glycine- will

¢

¢

work don-e on the convers:.on of threonine to glycme by the

¥ )
o - .

. enzyme threonlne aldolase and an account of rad:.oactlve v
M . .




1

.

- - 4
L .
. .

‘comﬁetition eXperiments'indicatind that this pathway is used
N LI B 4 i o

dily in the presence of exogenous threonine i E. coli.
The work -on the possibiéﬁty‘of blyoxﬁlate to glyciﬁe path-

way in certain prganisms will be cited and it.will be shown

B
@

' thatsthere ¥s no evidencé that this pathway, functions in _—

glucose grown cel%s oﬁ E. coli.- Serine, threonine and
* ! i ‘ ', ' .
glycine are important not oﬁly‘fog themselves but as poten-

tial one carbon donors. A strain with a variation in serinej

glycine and threonine biosynthesis might also be expected -

. to have alterations in one carbon metdbolism. Therefore

‘the-aceountlwikl'finisﬁ’with a discussion of the various

L

sources of one carbon unlts avallable to the cell Because

much-of Lhe study of the sources of one carbon units has

a

&
depended on" the 1so;atlon, and occasxonally,‘theIdegradation

<. of,purine\molecules, the use of determinatipns'of purine

" specific activity wi%;mbe.reviewed briefly.
- . X3

" Evidence for a Single Pathway of Glycige Bioesynthesis

- . )

It'is~geherally considered that in E. coii serine is
-'

synthe51zed from glucose whlle glyc1ne is syntheS1ze3;from

\

o
serine and that this represents the only pathway available

-

for serlne ‘and glycine blosynthe51s (Equations 1—5)1 ,ﬁE;

& Embden -Meyqrhof N "

D~ Glucose-* - Pathway ~—> - D~ 3~Ehosphoglycerafé (1)
- :4 3‘PhOSPhoglycenate dehydrodénase

D73§PhoSphoglycerate + NAD ; >+3-Phosphohydroxy-
C e " pyruvic acid + NADH +

o X , H+ ' »_(‘z)

‘ N




A 3-Phosphohydroxypyr:uv:.c ac1d +° L—Glutamate : . .

. Phosphoserine-glutamate transamlnase - T
. , ~ . L-phosphoserJ,ne y (3)'\“
‘ N . phosphosera.ne gpqsphatase S .
- L—“Phosphoserlne + nzo , L-serine-+ Pi
> . . . , Lo | (4)

.

\ ' - ) Ser:.ne transhydroxymethylase

L—Serlne + FH 19-

[

4 = - > L-Glycine + Ns, N |

- e . . , ‘ : ‘ ~— methylene FH Al T (5) . s

” N & IS 4 4 ' : P " }

AN : .

L . ‘ L L . . , w 4
AN . R C “ ) :

This is based on seve"al kinds of evidence. Rcepke’~~‘

% iy et al (1944) descﬁbed a- mutant of E. c011 with alternatlve

. requlrements for serine’or glycine. 'fhese were. 1sdlated
with the frequency expected of a ohg step mutat:.on and were

shown to revert with tple same frequency. Thus a single. . -y
/ .

. ‘mu/tat.lor{ impalred both ser:.ne a/x;d/glyc1ne ‘\1osynthes;|.s.

From thJ.s 1t was argutd that ‘t.ljxere could be only one path-
v:vay for aeeriné/glyciue b;igsyl’\t;.hés'is‘,%or if there were a e
- | .seeond' pethw;; for glycine biosynthesis, the glyc;ine‘ =) . )
formed. would p;}ovide serine and'.ﬁe mﬁtent.phe;uoi:ype wd’u‘ld ‘ ;o

e . :

! \ ot, be seen. . ’ ‘ .o

o

'I‘hat a block‘ in’ serihe biosynthesi‘s would, result

.« “in a requlrement for ser:.ne or glyc;me had been 1nd1cated .

wt ¢

- By these experiments of Roepke. Later’ the particular °

© enzymes “(li's't.ed' 'i/rP the diagram). in 'the biOSynthetJ’:c péthway
, . to serine were demonstrated in extracts, and it was gshown ~ . .
! . ' \\/ e . ' ' : ’ N
X . i ’ . “ L I .

* . - [ \ . "-\_r
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° . .

that the lack of one of them (3-ph99phogiycerate dehydro-

ﬂithase) would result 1n a requlrement for serine or glyc;ne

o,

(Umbarger and Umbarger, 1962)~ The fact that a mutantr

' straln AT2046, lacklng the enzyme known to(oonvert serine

‘to glyc1ne (STHM) was able to grow on glycine but not on ,'
" ser'ine prov;des further ev1dence for a single pathway of -
oglyc1ne blosynthe51s (Plser 1965) I
~ p Still further evidence for a single unique pathway
of glyoine biosynthesie'has reoently been'prow}ded by -
" stauffer and Brenchly 61974) workina'with.a'mutant'bf “\”

Salmonella typhlmurlum known to have mutat;ons in .the genes

respon51ble for the synthesxs of the enzymes 3—phosphogly-

*

_cerate dehydrogenase andoserlne transhydroxymethylase. ,

The phenotype of this mutaQt was such that it required both
£

serine and glyc1ne for growth They conclude that STHM is .

the only enzyme respon51ble for the. convérs;on of serine to

‘glycine and noiother maJor pathway of glycine blosynthesis
2> N . -
exists. . ’ ' o e ' )

4

of a single pathwa§ for serine-glycine biosynthesis, why

-~

R that-another pathway_fof,glycine biosynthebis might function

” -
comesetrom two sources. , Flrst, a serlne-gkyc;ne auxotroph

©

has been desg%mbed whlch 1s capifle of growth on.sodlum o

r formate.and the questlon arises as to its source of serine

]

J.‘

In view of the ivailable evidence for .the existence

.should we suspect .the existence of other pathwaws? Evidence ,




i

or glycinejwhsﬁ'growing on forpaté (Newman, 1970). Secondly,{

the‘glycine auxotioph\previously descriﬁed, strain AT2046,

lacking STHM, can meet its nutritional requirementmby being

pfovided not only with glycine but also with threonine. 1In
this case’'the exogenous threonine is cleaved to giyoine,
\\_\_ .

possibly by the enzyme th;eonipe aldolose“fﬁeiste:L>9681).

If the cell could uéeveﬁdogenous threonine in this way, it

.would be able-to grow w1thout supplement. The fact that "

‘the mutant requlres glyclne for growth 1nd1cates that endo-
\

genously formed threonlne 1s ‘not converted to glycmne4

E. coli clearly possess the;genetlc 1nformatlon to make the

L t

‘engymes for thls pathway, but this 1nformat10n»appears only
. s X

- :
to be used in thée presence of exogenous threonine.

'In this thesis, however, mutant strains have been
isolated in which~glycioe‘can be derived from threonine in:

the- absehce of exogenous threonin - Jwo such strains are
descrlbed' one, JEV73, in whlch exogenous lauCLne is
requlred for the expre851on of this pathway ‘and one, JEV73R,

in which no exogenous 1nducer need be adaed.

.

~ . s

Nature of the Pathway from-Glucose to Sefine

’  The actual enzymes of the pathway for serine’ biosyn- -

thesis in E. coli and S. typhinurium have been described

‘éee:previous diagram); Umbarger and Umbarger, (1962) an64:
Umbarger et al (1963), were,the~fitst\to study in extracts

the activities of the’ three enzymes involved in the conver-

L]
]




~ sion of 3-phosphoglycetate'to serine both in the‘prototfoph

and two serine auxotrophs of S§. typhimurium. One of the,

auxotrophs studied was unable to synthe51ze 3—phosphdgly-

cerate dehydrogenase while the other was defic1ent 1n
@
phosphoserine phosphotase. Similar studies were done in

e

E. coli (Umbarger ggvél 1963; Piser, 1963; Piser and .
‘ : )
Potochny, 1964). The fact that straing deficient in a
Y

partlcular enzyme are unable to make serlne is evldence
that the pathWay in which it part1CLpates actually pro-

e
v;des serlne to. the cell. Eé%ther proof that this pathway

1

"\15 of physiological 31gn1f1cance comes from Plser (1963)

“4
who showea that in E, coli two of the three enzymes of the

- pathway, the dehydrogenase and the phosphatase. are 1nh1b1-

ted by hlgh concentrations of serlne.. He found that the'
o3,
flrst enzyme of the pathway, the dehydrogenase, was more
¢ .
sensitlve than)ﬁhe phosphatase, dnd concluded that this

' represented end pngduct inhibition, .as a ‘control of the
functioning of the pathway. %These two, kinds oizzyidence;

. description of enzymes and their absence in seri e/glycine
« ) ’
auxotrophs and end product 1nhib1tlon, do strongly 1nd1cate

that this is’ the functlonlng biosynthetlc pathway Flnally,
N

the physiologlcal importance of thls pathway has been

conflrmed by 1dentif1catlon.of'the enzymatic step at -which
\

_the pathway is controlled. ‘ . |‘ " ' o

i v . ,
. .

'
Py
'
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- ) Stﬁdies.on the Interconversion of Serine and Glycine ° .

\
2 @

'Shemin (lSQG)‘was‘thé*Tirst to show that serine

. wag converted to glycine in rats fed. serine labelled with

= 15y amino and 13@ carbexylic groups. The faot'tbat the

‘glyoine qsrmecli had the same 15 N/13C ratio as bbe serine

’ T . indicated that this Was a. direct convers:.on of serine ," ' -
to glycme. That this also occurs in E. coli was shown by
‘Roberts et al (1955) who observed that when the cells were
< . o grown on JT4C glucose there was 1ncorporatlon into serlne

‘ \;and‘glycme.- However,n if glyc:.ne was added as a competltor,

v
, \Founts were observed in serlne but not in glycme. Serine
Y

e — _\bs a competltor “reduced J.ncorporatlon 1nto both serme and

¢

A S glyc:.ge (Table 1).

’ . .
t .8 N . -
v

. . : . Radioéctivi'tya of B.’ac,t;ez:ial,Arxu'.n'o3 -
Competitor Added g Acids Relative to Control ' ‘ ’

.
p . .
\7 . : [ /
- . ki -
v ¢ . . . . . .

g;l. ) ’ o §:e-‘-r-.
. - None (control) @_00 _ ’ 100 | \
. .. Glycine" "L 0 : ~lod” 7
b ' ' Serine o S 3 ) - 5 ",."».
| Y _ T o e

Table«l: Metabo‘lism‘of Radioact'ive Gluoose in E.’ coli§
- . Effect of' supplements on the incorporat:.on of
‘, e radxoactlvity :uﬁ:o the a}uno acids: (Roberts et al,

\ ’ t

-  1955). ‘

1

This data indicates that. in a prototroph grown with él‘-’ucose,




. glycine is made ‘from-serine. '

The enzyme (STHM) responeible for the interconversion

&

of serlne and glyc1ne has been studled by. several investi~ .

. gators. Hd&lland and Melnke (1949) shoWed that in bacterla

[

tetrahydrofolateac1d (FH ) was requlred as a cofactor in
'the reaction. Roberts 1ater»(19533 demonstrated that.the

B carbon of serine was released 1n its conver51on to gly01ne.

%

It is thought that thlS 8 carbon is- tlansferred to the

5 10

methylene FH Thus FH, acts Bs

4 4

a one carbon carrier in thejreaction and in this way the
a - ’ . M

*enzyme provides not only giycine‘bht'she carbon dnits“qﬁed

cofactor FH4 formlng N

Al

» »in the biosynthesis ofﬁ%arious compounds including purines, -
) . N ' -
methionine, histidine and.thymidine. ‘ ‘
. , ‘{ )

-
- ° ¥

Synthesis of Glycine'from Threonine

=

L=

- w

/ ‘Meltzer and Sprinson (1952) studied the i qorpbrar

15/ 14

tion of N and C labelled threonine in rats and found -

-give glycine. Previoueiy Bregnstein and Vilenkina (1949)

1

" had observed in mammalian liver and kidney tha threonine

was cléaved.to‘give glycine and acetaldehyde. fater the

' ’ ¢

e
—
-




A N s , (3 , J
, enzyme responsible for this reaction, .threonine aldolase,
El . ‘n

) . -

t
. . l . L

»

. was described by KEE:%?R and Greenberg\f1964)‘ Using

purlfled preparation oé the mammallan lenzyme they. were

able to show a requlrement for pyridoxal phosphate. -

DY v

Certaln mlcroorganlsms have been shown to convert

threonlne to glycine. Working with the anaerobe Clostrldlum

pasteurlanum Dalnty.;F&\Peel (1970) found that /C'from '

aspartate ‘was incorporated into threonine, glycxne aﬁa~\\lhs~

~ serine. They 1nterpreted this as lndlcatlng that thls

%
om serine and -

organigm obtains about half of its g¥ycine

the other half from threonine. They sayed and purified

b

the enzyme responsxble for the cleavage of threonlne in °
cell free extracts by measuring acetaldehyde formation.

The presence of ﬂgis'enzxme among aerobic bacteria- .
has also\been demonstrated. Moxris (1969)'working;with ‘

; . ¢ < T e :
PgeudopGnas putida, growing on threenine, has shown that = .

- the first step in the utilization of threonlni'as a carbon N

and energy source 1nvolves the .enzyme threonine aldolase.

This catabolic form of the,enzyme possesses different pro- °

)
.

-.}erties from the biosynthetic enzyme of clostridium. Another ~

" aerobe in which this enzyme has been studled was Bacillus

<} e

subtilis (Willetts and Turner, 1971). They concluded that

the ‘characteristics of the enzyme in thisprganism shggested o
B ‘ ' Ry } ) s
a catabolic role for it. similar to that.in Pseudomonas. . S?ﬂ

-3 \ -~
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. subtilis, .
| B—————ee

v

»

The evidence therefofeaeuggeste-tﬁat in anaerobes threonine"
aldolase functions as éa;t of'a major pathway‘for the forTai

tion"of -glycine while in 'the -aerobes, ?éeudomonaé ahd B.

-y

it functions as the first step %n a.pathway which ',

enables threonine to be used es e carbgn™apd energy -source.
o In E. coli the evidence for the formation of glycine
from threonine, posgiblylby,yhreonine ;Taolase, indicates
that tRis conversion occurs only ia'tﬁe presence of exogenous’ \
tﬁreonine. Robents etﬂal;il9§ﬁ) showed that when E. coli
is grown with glucose ‘and ¢arbon ledee as. carbon sour es,
This is indica-

threonine is not a major source of

cine.
ted by the fact that\14€0 is heav11y 1ncorporated into

2 . r.
threonlne ( ia oxaloacetate and as artate) but onl Sll htl o
v Ny (? V4 e gntly v

into glyc1ne. However, addlng exogenous threonine U C to
the culture resulted in iéoorporatxpn into glyc1ne, such a
that fifty per cent of*the glycine formed was derived from =
threonine.
g}yci e‘au#otroph of %;viifi observ:d slow growth on exo-:
genou threonine. wae' ., when the s;rain was grown with ~*

<

Piser and Potochny (1964) Qo:king with a Serine/

limiting amounts of.serine'growth stopped when the serine .-

. <

supplf was exhausted,aindicating again.tﬁét endogenous f{
threonine was' ‘not capable\of supplylng enough- glycine for
fpruher growth. Van Lenten and Simmonds (1965) were able
to isolate a ferlvative of a senlne/glyCLne auxotroph

E. coli which would grow on exogenous threonine. When , .

A
R



. glycine, it did not obtain all of its seﬁiﬁe and giyqine“

14

" in the literature indicates that in E. coli some endogenous

* " \threonine can be converted to glycine. . Simmonds and Miller

.glycdine auxotroph was supplied with exogenous serine or

.teen percent from glucose (Table 2).

— Petcent oé éacté;iél Amino
" Growth Supplement *° Acids Synthesized from Glugbsq
| A : _: ’ 'Glxcine ' *. éérihe_
Serine . 14 -7, N
Glyéine . . L : v 8

. Table 2: Shows .the.percentage of glycine @ndxperine syﬁthe— )

- ) _ s « TN . 4
[ . . 4

) ' i a ) . Y
e threonine \was provided extensive conve.pion to glycine
was seen. . P . / | N,
' R b4 R R 3 o e |
- The previous experiments all indicate that exoge- . P

nously provided Teonine is converted to- glycine andéendo;

genously formed fthreonine is not. However, some evidence

&

- B . \
(1957) described the surprising fact that when a s&tine/

1

-

from exogenous sources, but synthesized some five to fif-

/
v,

“

€

tized from glucose whgp a serine/glycing auko-

+ . -
. " troph of §,~coli was grown on serine and glycine..
[ ’ 1

(Simmonds and Miller, 1957).

o

-

It is cléag then that some other pathway of‘giycine'biOSYn—

thesis can functién under ‘some circumstances and it appeared ©

likely to the inveg&Agatbrs that the pathway included

e
g .
]
"
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’ : threonine as.a prédp{ggf\ff glycine,- ) ~& e
i ‘Conversion of-Glyoxylaté to Glycine . ' , -
o ‘ : Blochemlcally glyoxylate appears ‘to be closely related to
glycine. CH.NH : cHO - S
. VR . l e 2 . . : .
N S COOH COOH - )
; N T " Glycine R Glyoxylate
}f“\ . . The two compounds could be' interconverted by a sinéle'

enzyme, a transamlnase. Such an enzyme has been described

' . .in mammallan cells but not in E, coli (Meister 19égy.

©

Glyoxylate occurs in E. coli as p@rt of the ‘glyoxylate

' . - . .

cycle. However, there is no evidence that glyoxylate is .

L " converted to glycine in E. coli and indeed glyoxylate is 3
\ éﬁtepsively formed in E. ggli_onlf when compounds .such as -
) ’ acetaéé are used as a carbon ‘source. 1In cells.grown with

glucose Ehe key enzymes of the glyoxylate cycie ﬁave been

o shown to be repressedﬁVKornbeig 1963%. In this study

. R " 7 glucose was used . as a carbon and energy source. Thus ;t

seems very unlikely that this paghhay*woﬁhifunctionfunder

these ‘circumstances. ) L ‘

Sources of One Carbon Units in E. colti
§ ;

- ' , . In the: conversion of serine to:élycine by STHM. two

L\——_—-’—/;//”—E£S§9gts\are formed, glycinea and one carbon units (Cl) ' .
; This serves as the major source of Cl productign in the cell )

ﬂf ‘.

Thus mutants lacklng thls enzyme must not-only have an




*

L

of glycine is,released as carbon dioxide while carbon two

'ac1d. The details of the pathway are not known, however;.

“shown.byahéwmah, Miller and kapoor {1973) in thph serine

- » .. . . N ‘ N 1"
alternative source";;fglycine but also of one carbon units.

° One of these seurceg.is exogenous glycine itself, , -» -

»

formed by the glyc1§e cleavage pathway workedeout in

D;plococcus glycinophilus by Sagers and Gunsalus (1961V, and

Arthrobacter globlformls by Kikuchi (1973). Here carbon,one

~

-

is transferred to tHe one carbon carrier, tetrahydrofolic T

N
it is known to be repressed by the intracellular level‘of
. \ ° \
one carbon unlts and 1nduced by glycine (Newman and Magasanlk,
'\

1963). - ‘ “ T } .

An alternative source of one carhon units has been

is the donor by a pathway which does not includ® - STHM. : o

They‘concluded that this was the only other pathway of one

carbon synthes;s avallable to the cell. Thus a mutant

lacklpg STHM, and synthesizing its glycxne from threonihe,_
would have to de;ive its ¢, unit;'frentone"er other of the *
aboye pathvays. -

, 4 ’
Involvement of Glycine and One Carbon Units in Purine

Biosynthesis - e - "~~w;umwm~m~._t4ﬂ;ﬂu_i J—

”

~ « - TN : .
_* studies of .one ‘carbon and glycine biosynthesis often. .-

-

rely on the fact that both are precursors Qf the purine-ring

.and that the specific activitg'of purines, which is easily

. ® - . U
determined, can often be used as an indication of the

- ~ '
- * - € - ‘
> . - .
’ , - ,
-~ : . 3
° N . e
*. ! [} - -
“ . B N T
v -
’ )
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‘specific activity of glycine and/or .one cabon units, which o -
. I " \

is not so easily determiqu:

~ -~

L &*m \ R ‘
. X ) :
[ W‘/ | ) * \\«
N ‘ -
. W '
(‘\'\ ‘ .
. A .
- COZ -« uv . /,4 \\-’{glyclne
| é ' - N \\
' | 6 ”" ] 7 ’ ') /
. M / \\'(’ / ”’ g
' ”
gfpartate-ﬁN 1 i5 ¢ r”/, m
i .
. ! : |
| ’ : | 8 Ce-C; unit
. : . '
. P : i
¢ 1 C 2 ’4 ‘C ‘- .
/' 4.c_ 1 . -
€, unit <§:§=§= ”‘,,,— ~/ ' | g
* ’ R I )
) ' glutamlne A glutamine 4

Fighre

[}

intact into purines, while one carbon units’ aré used to

-form carbon two and eight. of the ring.

»

L)

Y

above shows the sourceé of the various atomé'fpom .
uwhich'the purine ring is syﬁthesized.(Mqister, 1965) . -
. \

! It can be'seen that a molecule/bf glyoine is indbrporated>.

P2 N K
. .

Sources of the various atons

,,

Bere 0 whlcE;make up. the purlne rlng are shown 1n the: dlagram.r
. . . ! ‘

»

4




@ METHODS AND MATERIALS . .
V g T N - . .

. . .
. + .. Growth of Bacteria ' ‘ ,
'/'L\.\ . R . o N PR
» v (ﬁacteria were grown at 37°C in a gyrotory water bath '

shaker (New Brungwick Scientlflc Co., N.J., Model 976) at . ]
. ’ . N ’ P 3
. approx1mately.180 rpm. . .

-

~Cells from 8—hojr,yeast tryptone slant cultures ,
grown at 37°C were inoculéied into one-liter Erlenmeyer - T
flasks each containing 100 ml of fresh medla and glucose as

a carbon and energy “source. Auxotrophic strains. were grow%
" in media with_the required supplement, as outliped in the-

o B J
[ . a

text.

All strains were grown evernight to the aépropr%:f? ;;/2k'
turbidity required for the*Parrichlar experiment and auxo~
& P ,érophic_strains were® then reteéted'to make eertain tbatlthe
-culture had not re ted ‘to prototrophy. Grewrh’is defineé
as an increase ji 'turbiaity. Tis was followéd by.measuring

the turbldity of 2 ml portlons of the cultures in a Klett-

, ) Summerson photoelectrlc colorlmeter (K;ett Mfg. Co. Inqﬁh
4 New York N.Y., Model 800 3), u51ng a blue, No. 42 filter

(spectral range 400-465 mu). °

% ' Media - -

’

.
V— - )

D ¥

Strains were grown in a'liquid minimal medium con-
v o taining 0 54% K, HPO,, l 26% Kngo4, 0.2% (NH ) - 504, 0.2% ‘

n M.gso4 7H o and 0.001% CaCl at pH 6. 4. All solutrons were




w

" glyc1ne” and shown to-be.deficient in serine transhydroxy-

" autoclaved at 15 lb/inzfor 15 minutes. -The carbon and

Sources of Strains

-

- . k] O

energy source, (glucose) was autoclaved® separaﬁ;ly and added

to. a final concentratlon of 0.2%., Otgnr addltlons td® the

v\ -

growth medium were made d@cordlng to the requlrements of the
A -

-

experiment as outlined in theﬂsext.

Gultures of all strains were kept by frequent trans—-

fer on slants of yeast . tryptone agar COntalnlng 1% yeast "

extract, 1% tryptone; '2% agar and 0. 25% K2HP04 Glucoég was

added to a final concentration of.0.01%. -

& [ 'S i

Plating experiments were done on gimple minimal
medidm agar plates consisting of phe‘basic medium’descrigéd .
aﬁove and 2% agar. Other addifions were.made according to o
the requirements or the partlcui?r experlment. Glucaose was ™ r

sterlllzed and “added separatelyQto a flnal concentratlon of 2%. )

{

t .

The representative prototroph used in most experi-

1 ments involved E. coli K10, a protétrbphic F' strain of _

E. coli K12 ubtained from A. Garen; Yale University. ,"h .
Strains HMlbO 119 and 129 are serine/glycine auxo-
trophs obtalned from H.E. Umbarger, Perdue ‘University. N
T Strain BF34 is a double auxbtroph obtalned'from ‘
P. Eerg, Stanford Unlver81ty, requlrlng ;ryptophane and f
4

methylase due to a mutation at the gly A lécus.
1 ’ ’ .

A -

/‘P




Strain AT2046 is a glycine requiring strain obtained

%

‘. from Dr. L fizer. It has also béén shown to' be STHM’ »
' * deficient, but has not been mapped S P [/ )
¢ t‘) T ’ ‘ ' /‘ -

v Strains JEV73 and JEV73R are spontaneous mutants .

L] —...l

K isolated from strain AT2046 as descrlbed below.

Isolation of Strain JEV73 ' o e . a

— s S

—
Strain AT2046 was incubated 1n medlum with glyc1“E“-—‘-e“_l;

o " o

(3 ug/ml) and leucine (250 ug/m}p) . This quantlty of glycine.

- '\ was generally found to, limit grd@th resultlﬁg in a low tar- ;:?AT
T e - bidity readlng of only 50 Klett Units (X.U). *However, | . "
o during these experlments, euch a culture was found to, result ;
in-a high turbidity reading of over 200 K.U. Cells from .. .
% ,*\* _ thi culture were investigated further aAZ subcultured into * '
a}\.- ' 3;~ nedium with only leuci:e (250 ug/ml) Single colonles were I

J

Cq 1solated ‘from dilutions of this culture plated on minimal o

< i

. /
. nedlum plates supplemented with leucine. These were then
\ N -

‘ C . et ted to aSSure that they could not grow on unsupplemented N
|
|

nmdium. . A culture origlnatlng from one such single colony”

Cad n

. - was used under the name of,JEV73. s o e : -
g . ’ - . ) ° Ay \ . ’ ‘ v e '
Y SR -Isolation of JEVI3R = - . . . A R N
. ’ ‘ . _ . “./. . *{10‘\7:
. ;; ", Strain JEV73 wis plated-at high density on minimal .
A B < : .
] . \ medium plates without further supplement. Colonies were £

' vt 1solated and restreaked, for single cqlonies on mlnlmal
» R . . 3 \ ~ ’
medium, A culture origlnating from one such single colony

) N . . .
* 1
. : . . . »
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~ \
b . ¢ +

swas used under ;hé name of JEV73R.
. . Alllorgénisms were maintained in stdtk on slants of
yeast tryéténe;agar‘at 4°C. The composition of this and
other growth‘mﬁdia have been described_previously. —
A

L
\ ' zu 3

hd 1

Nucleic Acids and Pro;eins

g

-

. ., Nucleic acids, and proteins‘were'isolated.by a

v

Sdhmidt-Thannhauéer fractionation. The nucleic acidé were

v

hydrélyzed, purines isolated and their specific activity

determined, all according té“%he methods of Revel and
o ‘ - 4
. Magasanik- (1958). This fractionation involved growing the

\
& o
-«

strain to be investigated unagr the appropriate)growth'éon-'
ditidhs‘wiéh a radioactive tracer ae described in the

results :sections These cells were generally haxvested at ™

L3

. 9
a turbidity reading of about 200 K.U. and extracted by the
addition of 5% cold trichleracetic acid. The macromolecules

[} - . . )
were precipitated and the lipids solubilized by the addition

«of ethanol. The alcohol insoluble fraction was extracted

. . Q ~ . 14 l .
? with hot" trichloracetic acid resulting in two fractions. .

One was the hot trichloracetic aqid‘ﬁgluble fraction (con-

4 ‘) < .
taining nucleic acids)and the other the hot trichlotr--
. acetic acid insoluble “fraction (containing preoteins). The
! R . ' s .
- . , nucleic acids were then hydrolyzed and the purines’ precipi-.
N 3 . -

- tated out with‘silver nitrate. The purine bases were

v . & . N . v ) ! ' %

\ “ o -~ 1
N « . -

P Chemical Methods/ . - '
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' 4 . -
further separated by paper chromatography (Whatman No. 3)

[

-4

in one dimension (isopropanol:HcR:H,0::65:19:17). The

- adenine andﬂguanine separated in thiS'way were eluted in

‘water and their spec1f1c activity determined. This is a -

measure of the number of counts per. mlnute of rad;oact1v1ty

per p mole of purine extracted,

-

Radloact1V1ty was determined by counting dupllcate

N\\eamples of 0.1 ml of adenine and gvz-ine in 10 mls of 0.5%

2,5—diphenyloxazole and 0.2% 2-(5—phenyloxazoly)—benzene in |

-toluene in a Nuclear Chicago Unilux II counter. All samples
‘are calculated at the’same'efficieney of counting. The

. . v . . .
- quaniity of purine ‘was determined by their absorption between

!

'200-400 nm in a phosphate buffer at pH 7.2 using a Unicam

Sp 800 spectrophotometer.~

\”

=

Proteins separated in the Schmidt-Thannhauser frac-
tionation were washed with alcohol-ether and;hydrolyzed in
6N HCl for 18 hours at 118°C. Hydrolysétes were dried over
Cacl2 in the’ presence of wet KOH end separated by paper
chromatography (Whatman No. 1) in two dimensions,'(first:
Sec~butyl alcohol formlc acid: H20'-70 :10:20) (Second: phenol:
CON.NH4OH:H50::80:0.3:20) as lndlcated by Roberts et al
(19§5). 4 y .

O Radioautegrapny-ef these chrométogtems was perférmed
also aécordiﬁg to the method of Roberts. Thus chromatoérems

werg exposed to Kodak noscreen Xray films 8“_3 10" for 3-6




ey

N ' ' 20

weeks and developed fin the usual manner. Chromatograms were

" then sprayed with.ninbydrin,- and a comparison of niphydrin’

poditive spots was made\in oxder to identify radjioactive

+

amino acids.
N
Enzyme assays
Seriﬁettranshy oxymethylase activity was assayed
by the method of Taylor -and Weissbach, (1965) as modified

by 'Folk and Berg (1970). This assay measures the rate of

14

farmation of H™ CHO 'formed from the hydroiytic cleavage of

serihe 314C. The reaction mixtures (0.4 ml) con51sted of

v
the following: 0.05 ml of 75 mM potaSSLum phosphate buffer

(pH 7.4), 0.05 ml of 25 mM py:idbxal‘phospﬁate, 0.08 ml of
i0 mM dl*tetrahyérofelic acid, 0.05 ml of gs,ﬁm 2-mercapto-.
ethanol, 0.07 ml distilled watet?aﬁd 0.05 ml enzyme extract
diluted éq various cpncenpyetions in phosphate buffer with
O.dl M 2~mercaptoethanol. TQi; was then preincubated ;e
37°C for ‘5 minutes at which time 0.05 ml ef serine 3140 was
added'and the mixture again incubated for 9 minutes at 37°C.
The reaction was stopped by adding 0.3 ml of - cold 1 M sodium

acetate (pH 4 5). The tubes were then chllled in ice'water

for 5 minutes after which 0.2 ml of 1M formaldehyde w%g
. M @ ]

. ‘ -
added follﬁred by 0.03 ml of 0.4 M 5,5~dimethyl-1,3-cyclo-

hexanedione (dimedon) in_Sb% ETOH. (The %oimaldehyde' b

M ¢ l’



£

équilibrates with the 14(fHZOH—FH4 cleaved from serihe

’ ‘ 314C and is then precipltated with 5 S—dlmethyl -1, 3-cyclo- &

* hexanedione). The tubes were then henated for 5 minutes at
95°C and‘;llowed to cogl. The precipitates were then
coliécted by vacuum filtratidn on millipore glass paper
filters, washed with 35 ml of cold distilled water, drieg

' and counted to determine the amount of H14CHO formed during '

) the'éssay. - ’ . -

PR " " Threonine deaminase was aégayed according to the "
method of Pardee and Prestige (1955) as modified by
Isenberg ahd Newman' (1974). This assay measures the”éroddc;

' . ., tion of‘a#ﬁeto acid (o-ketobutyrate) ‘from L-thieonine. The

ipcubation mixture contalned 0.3 pl of washed cells (in a

. phosphate buffer, pH 7.57, 0.02 ml of toluene, \\H.O lml

of the substrate at either 10 or 20 - mg/ml. This mixture-was '
" incubated for 35 mlnutes at 37°; 0.9 ml of 2, 4 dlnltrophenyl—

\

hydrazz?g (DNPH) 1n 4.1% hydrochlorlc ac1d was added, and o
t

_ thé mixture incubated for a further‘zo minutes ‘at room

f . ) tem?erature. éollowing this 1.7 ml of 10% NaOH was added
and the absorbance determﬁded with a Klett Summerson colo~
rimeter NO. 54.;ilter using pyruvate as a standard
';ncluded in this assay was one set of tubes to which no R
substrate was added. This allowed a measure of endogenous

T o~ketoacid prodﬁqtion. Activity ;é expressed as the dif-

! ‘ s'. ference be@wéen the amounts:of‘keto atid formed with and
| e

"N
B
i s L e
.
N , !
N i
>
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é‘ ' [ > ' .
without substrate, related to the amount of protein in the
oo ' SRR T "o
Y cells. : o . ‘

) .

‘ . The leucine used fo? studies of the inhibition of

°©

: '~ threonine déaminase was purchased from Sigma biochemicals

)

and shown to be egsentially i§oieuciné—free. ihis was’
" determined accordiﬂg to tﬁe method of H.E. Umbarger
kPer;onal communicatiéh).: Stgaiﬂ 1008, an isoleucine
..—a’» requiring strain, obtained from M. Levinthal (Perduesxi‘
\/ﬂfa Univers!ity) was used in this assay.'' It was grown wiﬁé‘ ’;“
' isoleucire £o log phase and the cells thoroughly washed."
‘ 14,

They wekxe then incubated in minimal medium élus 1-7

o

glycine~and the leucine to. be teéfed. Incorporation of

=1-14C glycine undexr these conditionsg was .compared with the

incorporation observed df'tﬁis isotope in the presence of

-

.} increasing amounts of isoleucine.
] ' ° . : ‘ ¢
Protein determination o

g Proteins were determined by the'method of Lowty

et al (1951) using trypsin as a s;aﬁdard; o
) ¢ ) ° l. el o - ) \: ) . .
Chemicals used ’ ‘ of coo ’
: ' Ve * 5 - o PR
’ : R Radioactive compounds were purchased from Amersham=- ,

Searle. All other chemicals were obtained from éghwafhz;'”

Mann, Orangeberg, N.Y. or Sigma, Saint Louis, Missouri.

°
b . ’ a .y . -
v . v .
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exogenous t

)

nine es a so&rce of.g1YCine were described by
Piser (1954, 1965) Preliminery tests in our laboratory
. shewed that strain ATZO{G (a glycine requiring straln) could
adapt easily to-growth w1th threonine in place of glycine.
» It could therefore use exogenous, but not}endogénous;

S " threonine in thisbwayL. ?@i3*strain tﬁus‘appeare& to provide
: a good source ef»mate;ial for che study of che§con;ereion_of\
. thre%nine to glycine. The reeults section of this theeisff‘a

. tihh§ begins with the quantiﬁative .aspects of” the use of

‘threonlne and gly01né~by strain AT2046. A sﬁrprising quan-
,titative relatlonship between leuc1ne and glycine is des-
cribed, That a close metebollc relatlonship between 1euc1ne’

- ,and glycine does exisﬁ becomes even more obvious with the

isolatxon of a derivatlve of AT204611n which not- only

- j o * threonine but also leuc1ne can replace glycine as sole growth °
| f/ . : factor. This 1nvestigat10n is.taken a etep furnher with the
isolation of JEVI3R, a derivative of JEV73,,which‘wgPld\g;ow
N on unsupplemented medium. These new strains JEV73 and JEV73R, -
L.“ _are next)described‘and their growth characteristics deter-

v mined. Tracer studies demonstrating the use of a new pathway

- %
o
-
N

for glycine biosynthesis which diffens from that used-in the
.. prototroph K10 are_described. -An attempt is made to deterf

mine the«na;ure of‘the\physiological changes that have




. which pefmifs theéir use of this new pathway.

. I. The Ability of Serine/Glycine and GlycinefMutants to

' cqse and threonine. To determine whether the}ﬁgélate of .

_ threonine (250 ug/ml). The gly01ne ‘alone allowed only

_ limited growth (44 K.U. ), however, when fZiegn;ne was also

occurred in the mutation of AT2046 to JEV73 and JEV73R

\

.
o . 4

Grow on THreonine.

- Plser and Potochny (1964) and Piser (1965) had pfev
v%pusly reported that serine/glyzine.auxotrophs normallyn

grown with glucose and glycine, €ould grow&slowly witt

AT2046 used in our\ésboratory showed the same characterls-

tics, the strain was grown with glycine 100 ug/ml and sub-

-

cultured into medium containing 2 ug/ml with and without

provided, the culture grew to over 200 K.U.' AT2046 grown bt

with threonine, in this manner, could then be subcultured

in medium suppleﬁented with-ohlf threonine and‘ﬁh;s wotld
result in extensive growth. It was'noted, however, Ehat-
some subclones of this mutaht,were unable to grow w1th o
threonlne ‘even when preadapted in the usual manner. Thls
indicates that these subclones lack eithg;ifhe informatlon

to synthesize the enzyme(s) needed for glycine’ biosynthesis
or the ability to - express such.informatioﬁjth°subculture. . : B
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=4

a

s+ To see wh.ether other serine/glycine ox, glycine
/
auxotrophs migh/hav// the same characteristics strains
/
HM100, HM119, Hmlg and BF34 were tested in the same way.

%

None of the strains tested, :.nclud.xng the other STHM defl-

/

cient strain BF34, could adapt to. the, use of t,hreonine as a

¢ . <
source of glycine. : ' ‘ ’.1;' . N
) "

-4
.
: | o
II. Use of Threonine By AT2046

A J

" Ad '
Mutants with a metabolic block in a pathway are

Ly

-—

unable to synthesize- the end product of that’ pathway.. Thus

no growth¥occurs without the addition of this grov‘vth fa'ctor‘-
t !ﬂ: 4 ’

-and the extent of growth will be limitedl;. within a certain

L=

range, by the' amount present in the medium. When. a mutant

o .

is grown with a concentration of nutrilite within a\llmltlng
range, the amount of cell material formed is proportional to :
the amount of nutrilite provided. Generally muutants grown

» b 4

with thg required supplement, at limiting concentrations,

~will show a linear response to increasing concentrations of.

this required supplement. - However, AT2046 growing on glycine

has been reported (Newman, et al 1974) to show such a -re;popse

"only at low (0 to 0.2‘ Hmoles pexm ml) glycine levels. At

higher levels total growth of the culture was considerably

lower than uld ‘be anticipated from the results at lower

levels of lycine. Thus, glycfne is used in sucljx a way that

low levels e used more efficientl# than higher le’Vels. .

i

¢




Al .

. media with increéasing concw

‘tures were then plated on minimal medium plates Wlth and

‘this "mutant grow:.ng on. glycine requires 0.13 umoles/ml of

,AT2046 a much .higher level of threom.ne (0 5 umoles/ml') is

. ’ !
XY B o
1
\
‘

It was of interest to detexmine whiather threonine was used

. ¥

in a similar ‘viay.

/s
To test this

strai?a hT2046 was pr.eadapted to growth. 4
on.thteonine as previ slir described and subcultured- into

trations of threonine, between’ l
The irbidity was measured until two :

0 and 1.6 umoles/ml.

readings taken three hours ’ part were constant. The cul-

without threonine to ensure that none had reverted to pro-
e ‘

totrop.hy during the experiment. It can be ‘seen from Figure

2 that at higher levels of threonins (a}:;ove 0.83 umoles/ml)
total growth .0f the culture is not proportional to the’ !
amount of threonine added, while at lower concentrations a
lmear response is observed. Newman f(l974)‘ observed that,
glycine. to reach a turbldity of"%0 K.U. However; J.t can be
seen that when threonine is used as a source of ;glyc:.ne in

4

requlred to reach the same tprb:.dlty.

- f v ' ,
III. A'Relationshig Between Glycine and Leucine in’'Strain \

©

‘ AT2046

v An"“auxotroph will not grow in the absence ofrits

8
)

required growth‘!'actor. fhen this growth factor is supplied

growth will be proportional to its concentrati\on.’: However. ”

in some cases a second growth factor is found which dves not

’




support growth when provz.ded alone but does ‘increase the ;o
¢ '
*amount of cell material formed from a given amount of the

» first factor. This phenomenon is called _spa;:‘ing and indi- -
catles a close metabolic’ relationship between these two sub%

‘stances.- Thus, it is often helpful in pathway studies to

-determine if a limiting nutrile is spared by the additlon of

some other factgr. In stra:.n AT2046 it was found that leu-
cine spared its requirement for glyc:Lne. This was observed

by growing ‘AT2046 in mim.mal medium supplemented with

‘ .4
100 ug/ml glycine and subcultur:.ng in triplicate 1nto medium

s

' supplemented w1th 3 uy/ml glyc1ne with and without leucine
100 ug/ml. The turbldity was measured untJ.l two+ read:mgs
taken‘i:hree‘k hours apart were the same td ensure that. the,
cultures had stopped grow:.ng and th t the total growth
observed was therefore the maximum Zrowth.po%,;ble. From

Table 3, it can be seen that cultures scupplemented- with

3 pg}ml glycine s‘howed limited growth, ax‘\ average of 44 ,Klett'

also added

Q.5
showed an average of 11l Klett units. Thus with the*‘ addition

units, while those in which 100 ug/ml leucine was

of leucine the m(?itant w/as able te grow to a tux"l;idity that
'wes 2.5 times greater than that observed for the same -
' \ameunt of giyc:ine without leucine. To-ensure that this
obserua-tion was not an artefact of the tﬁrbidity readings >~
thegprotem content of the cultures was measured and it was

found othat indeed the J.ncreasse observed in Klett units

-




v
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¢ T Sparing of Glycine by’ Leucine in AT2046 —
: . | | ’ ~
| * Supplwgent (ug/ml) Turbidity (K.U.) Protein (ug/ml)/
E Glygine Leucine
} . - s

. A 3 - 43,%5,44 ' 23,26 ,26

¢ ; : average 44 average 25 . A
| _ ) ‘
(B) . 3 100 110,125,98 57,72,56
} . . average 11 - average 61.%
{ 1 s
| Gly Leu/Gly 2.5 © 2.4
\ )

Table 3:

3

. N “ s e '.

Sparing of . glycine by leucine in'strain AT2046.

Cells were precultured in minimal medium with

4

glydine and subcul tured ip triplicate into (A)

‘minimal medium suppleméntedl\gith 3 ng/ml glycine

and (B) minimal medium supplemeflted with 3 ug/me -

) # glycine and iOO nug/ml leﬁcine. . The avérqt_?e‘ tur- .

bidity in Klett units and protein measured ih

ug/ml of culture is shqwn above.l .
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correlated with a similar increase in protein content.

rs
(=4

’ Thus 2.4 times more protein was synthesized in the presence

<' of leucine than in its absence; however, leucine alone did
oy

not support the growth of this mutant. Thus the addition of

rl

. leucine permitted increased growth with glycine, but leuc1ne

. @

o §£hld not peplace glycine entlrely. . This.-sparing of glyc1ne

» Ry

. ', by reucine indicated a close mepahQIlc relat‘!nshlp between
these two amino acids which was surprising since no basis

fér such a relationship has been indicated in the biochemi-

A
i
L)

cal® literature.

ﬁxv‘ Isolation and Characterization of Mutant Derivatives of
H ™

I

AT2046. o A )

¢

That a relationship does indeed exist between leucine

M
and glycine in metabolism became even more obvious with the
isolation of a derivative of (AT2046, strain JEV73, which

: p .

& .
requijed leucine or glycine or threonine for growth (see-

Méthods section). Thus in this strain leucine no Yonger- K .

- .

¢
spared but ¢ould replace glycine as sole growth factor. To

determine whether amino acids other than threonine, g&ycine
. {

and leucine would support growth, JEV73 was grown in min@mal~

3

‘ medium supplemented with 25 pg/ml of qiii;ii/&he following
amino acids tested separately: valine, Proline, isgleucine

« plus valipe, tr?é%ophane, alaniﬁe, arginine, phenylalanine,-
q

) glutamic acid, lysine, hlStl lq? ngsine, isolﬁucine,

aspartic acidand methlonln . None of thes§ amino acids

o JRN.

.\\:



Y - .30
;tested supported growth. ~§everal other'compounds tested

also failed to support grokth These 1nclu§Ed Biotin >

' (0. 21 ug/ml), known to be a cofactor in several enzymatlc -

reactions, xanthlne (20 ug/ml), a purine precursor and

¢ s

often reported to spare glycine amd sedlum formate (500 wg/ .~
ml), known to support the growth of certain serlne/gly01ne |
: auxotrephs of E. coli (Newman, 1970).
- . When describing a'new mutant dose response curves to
its' various nutritional requirements are generally performed
as was described for AT2046., An’ attempt was made to deter-

' N

mine the ‘dose response of straln JEV73 to its various growth

w _supplements. However, this strain was found to revert to

prototrophy at such a high frequency that it was impossible

to perform the standard dose response curves( Itvwas possi-

ble, however, to determine the lowest amount of dach su§&}e- .
ment which would ensure growth to an extent unllmlted by .
the supplement without the accumula!ion o£ revertants.

{ "' This wagyfound to be 150 ug/ml of threo ine or 50 ug/ml of- \\

7

glycine or 5 ug/ml leucine. 'Thls can be compared with strain

AT2046 in whlch 250 pg/ml of threonine’ or 75 ug/ml glyq1ne
. ()

‘ are requlred The finding that JEV73 would grow 1n medlum

supplemented with very low amounts of leucine (5 ug/ml) but

1 »

not grown in unsupplemented min:.mal mediumwas most surprlsinq, .

R}

especially in view of the fact %hat the strain is not a

leucine auxotroph and can make its own leucine. This seemed

1. ’




/ a4 i
" ments in which the -ahiliich'f JEV73 t& make transitions:

S ' ‘ o n
- \ . T ) Y- ) : .o

ALY \ . / . ‘
to indicate t?.at leuc;.ne, provided in:guch low antities,

was not acting directly as a; precursor of another compound

but allowed the activation f a metabolic pathway’ to glyc1ne .

which was not used in the dbsence of leucine. ' Further evi=
. o - -

dence to support this“:concgusipn was indicated b'y 7exper.i-- ™~
- e (’ -

i CF

i ° Ny
between threonine, glycine\and leucine was tested. - From

¢ - ﬁl-‘igure 2, it can be seen 1*!: cells prgcultured in glycine

to log phase, ‘collected by centri'fugatio‘n and washed, could

then be transferred to leucine or threonine and_ growth

would continue without any apprecxable lag. 1In the same way

ce‘];ls pregrown with leucine would adapt to growth with either™

, v
gl'yc;i.ne'or 'tilx;eonine. However, it is cleer (Fig.'3) that
,,,Wheq pregrow/n on threonlne these Vcells éould adapt to growth
with glycine but were unable to adapt to growth with leucine.
This lack -of adaptation does not appear to result ffom a
permeabil:.}y problem with respect to leucine, nor ffrom the'

S

lack of some cofactor since nelther the addltio‘h of yeast N

extract (50 ug/ml) -or’ increas:.ng the quanplty éf leucine in Ls

5 N r

,('c\%ture, up to 300 ug/ml, would enable these cells to
e

¢ -

gin growth (Table 4). * N
0 Thus it appears, that JEV73* when - groying with ledcine
' obtains its glycine by a leucine dependent pathway the' syn-

Lot
thesis of the enzymes being repressed by threomne. Thus

" cells grown with threonine wot11d: have- none qf the regt,r'ired-

L] o AN &

N >
L4 A * Y » - ~
( i " L Lkd »

o . 3
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?igure 2: Resﬁqnsg of stra'in AT2046 to increasingyamounts

¢ { a

- of threonine. AT2046 was precultured in minimal -

Y

medium sup§§§gented with 0.04wumoles/ml'glycine and

~ )

LY P ’ Ve
© 2.09 pmoles/ml threonine. This was then sub-

cultured into minimal mea¥dm supplemented with - ‘

\

\ : b o
concentration studied is plotted omnthe next page.

.

increasing conceéntrations of threonine from 0.0° | N\
to %ﬂﬁ umoles/ml. Growth was followed until .a .

codgtant tﬁfbidity was .obtained in ai; : '\ s

flasks. The average turbidity for each

\ ‘ . AR
\ . : ! ) "} ) a ) -
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‘ Fighre.BI: Growth response &f E. coli strain 2IEV73 . e

. previgusly grown -on glycine \(ai, threoxine (b)

.

) and leucine (c). The cells were‘c%llecte'd in .-
» ' ’ 4 ,.‘,
log phase, centrifyged ard suspended in media - A

'

‘ . ®
- threoning; x——x, leucine and in non-supplemented = ' .

‘e ' e ' - R ) . . , ’

t medium O—-0O. ‘ -
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A

’ 34
' . . \ ‘ \
A ) . ..
Supplement “ . OD (RU) . $ Increase Apparent No. |
; _‘,(ug/ml) . after in OD of genera-~ .
. ) . - 330 mins. tions - - |
-\-sj X 3 > .
| WU : 37 137.8 <1 J
Threonine (100) 167- 88.0 3 |
2 . N . |
Glycine- (25) 17 N 91.1 31/2 ‘
Leucine (10) 3 44:1 <1,
| Leu(l0) Yeast Extract 51 40.3 ‘1
| . . -(50) o R
| , .+ Leu(l0) Yeast Extract 27 59.2 1l
B (50) . 5
\ Leucine (20) 34 44.1 <1 (
' Leugine (50) 23 43.4 <1 | ‘
: " Leucine #{100) ' 38 ’ 1
: Leucine (300) 31 \ 1 -
) . -~ , °
Table 4: Growth response of E. col JEV73 prev:.ously .
. 4 0 grown on mlnlmal’ medlum supplemented with threonine
.< | {100 ug/ml). The cells were collected in log phase,.
, " c?a'ntrifugéd and suspended in media cehtaiqing tt}e
’ various supplements 1ndlcated above. The OD after
- 330 mins, the per cent increase and apparent number
. of generatlons resulting are shown above. .
\ : - { . ) : \ ’ : ,
2 1 ) 13 ' c ) '
) N o
[N . ' ’ . \/f : ’ / .
= v ‘ \ . ,Q ' - a
\ A~ : ' e
g . . . .
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enzymes and’ when. transferred to leucine would be starved
. - . \

for glycine and unahle tp grow. : : S
JEV73 reverts t:cbfototrophy much more frequently |
- ,than its parent AT2046.  1If this reversion conﬁlsted in the
restoration;bf STHM activity, it would seem that the
straihs would do this with the wéme ease. The fact that
they do not indicates that when JEV73 reverts to proto- \<
trophy it does so by establishing a new pathway of glycing
synthesis.indepéndent‘of leuoinetq To examine this,idea |
‘further JEV?B.Was plated on mintmal medium (without mutagene-

il

B : . .
siS)/gnd a typical revertant jisolated. Thus this strain,
R . . J.{

JEV73R, would grow in unsupplemented minimal medium. If

JEV73R uses the'séﬁe'pathway as JEV73, the difference béing L

§

’only'in its leucihe—indopendence'in JEV73R, then the same

repression by growth\in Shreonine'might be seen in JEV73R as

in JEV73. To test this JEV73R was. pregrown in minimal
"mediuﬁ supplementeé with 500 ug/ml threonlne, to log phase .
and transferred, &§ described previdusly, to media contai-
. B

ning thregnine or glycine or leucine or unsupplemented mini-

mal medium. . These céﬁls were observed to adapt éasily to

l‘growth on threonine dt glycine bht could not éaépt to L .
v oo, leucine or unsupplemented minimgklgadium. By cohtrast.\ "/5,
when preadapted to growth on minimal medium these -
' cells could adapt without diffigulty to growth on leucine

" or glycine or threonine (Fig. 4).. It can thus be » .
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Gxowth response of E. coli strain JEV73R pre-

viously*grown on minimal medium'(a)-and minimal
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o concluded that in JE 73R glycine is derived from the same

pathway as it is in’ gEVT3. ' .
" )

'V. STHM Levels-in JEV73 and JEV73R.

A\l

’\It appears:frOm tge preceding experiments that
strain JEV73 is suppliea with glyéine by a pathway, which
is activated by low amounts of -leucine, the enzymes oﬁ'
which are rgprgésed by grow?h'on threonine. 1In JEV73R
this pathway'can provide glycine‘whether or hot leucine is
present (that is, the strain can grow as a prototroph) but *
tﬁe enzymes can sgill be repressed by growth onﬂthreopinei
As stated previougiy AT2046, lacking 5THM, seldom reverts ~ -

‘to prbtotrophy:and JEV731has a- high reve;sioﬁ rate it there-
fore appegrs unlikely that the mutation in JEV73, wﬁich

results in prototrophy, would be ;imply tﬁe regtorgtioﬁ o% i

? . , .
STHM activity. If this was so the reversion rate wofild be
A . C

9

“the same for both AT2046 and JEV73. ' R

C . \;;To test fhis more‘directly STHM was %ssayed bbth in
JEV73 and JEV73R and the levels cqméareq with those in tﬁé

I . \ . ,
prototroph K10. These. strains were grown in minimal medium

\

'éuppiemented with 10 ug/ml leucine to log phase, JEV73 was '
. N B ' o

tested to ensure éhat it hadépot reverted.and STHM activity
was assayed. From Table 5 it/ can be seen that in JEV73’ atd

' JEV73R there was no Betectable qctivity while in K10 the

‘e

_ e . usual enzymatic level was observed (Miller'and\Neﬁman, 1974).
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Strain

STHM Activity in Strains

- L 1

.
1

ymoles H14CHO Fo

-

mg- Protein
o a——-—

-

JEV73- 0.01 t ‘ h ..
. - . - 'S
JEV73R - \ 0.01 fry L
¥ “.\ o
K10 - T .01 .
; c, L W _ ] s :‘ ’ d )
| ' . : T
i. N ‘ ' “b-’ ~
| ' Tahle 5: Strains of Ey coli indidated above were grown in - )
minimal medium supplemented with leucine (10 ug/ml)
I' o o o . - . +
to log phase, extracts of these cultures were ™ . o
. prepared and STHM activity measured. - T .
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It is clear therefore that in JEV73 and JEV73R glycine is

supplied by an alternative‘paihway which does not involve.
STHM and in this way differs radically from the prototroph
k)

*

K10, o

fo

- TN - ' ’
‘“WVI. Source of Glycine Carbong-in Strains JEV73, JEV73R

- and AT2046. 7 .

‘-

Y ) This alternatlve pathway for glycine biosynthe51s

A -
i - '

f which does not lnvolve STHM is repressed by growth on
° o threoﬁlne and this suggests that it involves the converszon
R -  of aspartate to threonine, followed by'its cleavage to
glycine, perhaps by the enzyme threonlne aldolase. To-

determine what pathways were b 1ng used by the three mutant

' . 14 o

strains lacking STHM they were grown with various ~'C-

labelled precursors and the extent of incorporation of ;4C.

inéo purines and amino acids was determined. The extent
of lﬁcorpo;ation into purines was used as a quantitative
estimete of the extent of incorporation into glycine and-
one carbon units. The proteins from these experimerts were
also hydrolyzed and cPromatographed. The distribution of

" 14¢ into the various amino acids was determindd by visual -
) R . . - . ‘,‘ ' N .

‘examination of radioautographs.
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) : N
VI. (a) The Metabolism of Threonine by Strain AT2046.
4 ' \

{
. : AT2046 was grown with threonine U14C (s ec1f1c acti-

vity 1.4 X 10‘). The adenine and guanlne showe anxaverage P
specific activity of 1.4 X 104 and 1.45 x 104 c m/qule .-

L4

- respeCtiJLly.(Table 6, line 1). This indicates that?four

D e v,
purine carbons are labeiled from threonine and suggests that

-

‘AT2046 growing on threonine maﬁes all'its glycihe from

. threonine and-all its oﬂe earpon ﬁnits from glyéine derived
in this way. _ "- , ' |
If. this ﬁethwey'is physielogically sigﬁificent it
_might be expected‘to be,inhibited by high concentrations of 'L\,/

. \
glycine in the cell. To'test this AT2046 was grown with

threonlne U14C plus non radioactive glyclne (500 ng/ml) .

- 14
~

In this case the.specific activity of@pe:agenlne and guanine @,

«shewed a specific activity of 0.1 X 1(521 and 6:96 X 194 | |
. cpm/umole respectively (Table 6, line 2). Thus the eddition S
Tof glycine decreésed cenversioe of'thfeonine to glyqine. .

Further evidence to support this pattern of incorpor?tion

from threonine was found. in the hydrolyzed proteins. extrac-

| 1

ted from‘these cells. When this strain was grown wikh .

threonlne bnly both threonine and glycine were found to be

-y

_radioactive while. in the presence of non-radloactﬁbg glycine,

proteln glyc1nerwas only sl1ghtly labelled threonlni st111

= . being exten51Vely labelled. As expected threonine eerbons

| ¥ . .
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Source of Purine Carbon

o
V-

Vel

-«

Radioactive

Non-Radioactive

Aspartate as a Radioactive Tracer

s in Strains of E. coli K12 Using Threonine or Leucine or

radioactive and non-radioactive supplements.

and their specific activities determined,
purine. carbons, as determined from the ratio of the average specific ac-

Strain Specific -Specific Average
© Supplement Supplement Activity Activity No. of '
cpm/umole . ug/ml Adenine- -, Guanine ‘y Purine
- ~ cpm/umole cpm/umole * Carbons
g ) ) ) : Labelled
boia o - ) < N .
(1) AT2046 U~ C Thrgoning i o 4 . 4
(1.4 X 10°F - De-- 1.40 X 10 1.45 X 10 4
,amv AT2046- .cwno Threonine f , 4 \) . 4
b - ,(l.4 X 107) Gly (500) 0.10 X 10 0.06-X 107 0.22
: ? -~
(3) JEVT3 utc Leucjne \ w o
(1.16 X 107) e 0.01 X 10 0.008 X 10 <0.2
s - Q .
(4) JEV73 vt Aspartic Acid, - . . pch 4
. (0.83 X 10%4) .- Leu (10) 0.51 X 10 0.58 X 10° -~ 2.7
g 8 w14 " . : , . - )
(5) JEV73 . 07 °C Aspartic Acid . 4 4
"~ (0.83 x 104) _ Leu (10) - 0.30 X 10 0.33 X 10 1.5
(6) K10 - vl%c aspartic Acid
(0.83 x 10%) Leu, (10) '0.04 X 104 0.04 X 104 <0.2
Table 6: Strains of E. coli shown above ‘were grown in minimal medium with various-

The purines were extracted

The average number- of these

tivity of purine isolated to the - specific activity per carbon of the
threonine or leucine or aspartate supplied, is indicated. -

e :

.

R



R

1 5 . - . '
" other than leucine itself was found to be labelled (Table ;o

' p0551b1e to show the- anorporatlon of aspartate carbo§s E o

“.into the purines. To test thls strain JEV73 was grown "~ .

“were found dlstrlbuted to the other metabollqally related =, -

" t

amlno ac1ds, 1soleuc1ne and to a lesser extent aspartate

andtglutamate. . D ~ £ b ) . "
! a . -

. . A M' .

VI. (b) The Metabdlism of Leucine-by Strain JEV73.

’

heY

. As previously mentioned all evidence indicated that
;"3 . . . ‘ -

atqtgifgggz\;:zgjoncentrations of leucine required to support
3 ' - o . ,

growth of JE 3t’WaQ*Xffy unlikely that ;eucinﬁJitself

was acting as a’precursof of glycine or one carbon units in

)

the cell ’However, to .confirm this atrain JEV73 was grown
thh 50 g /ml leuc1ne (specific ;ct1v1ty 1. 16 X 104 cpm/ -
umole). No_51gn1f1cant iricorporation of leucine carbons

. I

into either adenine or guanine was found and no amino acid
B * s o

.6, line 3). Thus leucine is required by this .strain forp .

growth but does not-act as,a predhrsOf‘ei glycine or one

-~ \ &

carbon units or any’other amiro acid of the cell%
y 4 « ‘_" ¢ » . - r
. ¢ ’
2 4

V. (c) The Metabolism of Aspartate by Strain JEV73.

i
N—

If ”as“it appears, iv*tlne is actlvatlng an alter-
.natlve pathway for glyc1ne blosynthe31s and if 1s pathway
1nv81ves the. conver51on of, aspartate “to théonlne followed

v

'by the cleavage of threonlne to glyc1ne, it should be

[

/ v ,,'3 N e “~,
» oy
s




. 0.58 X 104 cpm/umole respectivel&-(Table 6, line)4): This

sy 43

- 3

with aspartate Ul4C, 100 ug/ml,(Speciffc activity 0.83 X 104

cpm/umole) and leuciqe 10 uyg/mly The aé;nine and guanine

4 |

showed an average specific activity of’ 0.51 x‘lo and

indicates that 2.7 purine carbons are labelled -from aspar-
tate. An examination of the radioautograms showed that
aspartate carbons were incorporated into aspartate, the

other metabolically related amino acids*argininé,llysine, 4

-

&
glutamate, isoleucfﬁe, threonine and also into glycine but

serine was not labelled (see figure s).

VI. (d) The Metabolism of Aspartate by JEV73R:
- 1S ‘ I

To see if this pathway functioned.{;flhe'same way in
14

JEV73R, this strain was similarly grown with aséartate U
.l}'

c,
100 ug/ml (specific activity 0.83 X 1Q4 cpm/ umole). The

ademine and guanine showed a %pebific activity of 0.30 x~1o4
. t !

and 0.33 X lo4 cpm/pymole tespéctively (Table 6, line 5).

This is lower than that observed for JEV73 however, it'

should be noted that both JEV73 and JEV73R arxe able to make. f *

‘aspartate de novo from glucose., Therefore once the added

aspartate has beeé metabolized the cell will then begin
A .- .
sxgﬁhesizing a?partate from.glucosq thus reducing the aspar=-
.1 . - .
tate and purine specific activity. It may be that the two

strains differ in the extent to which they synthesize

o, - . » B
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aspartate de novo under our experimental conditions. 1In’

any case an examinatioen of the radiocautograms.from this

I

experiment revealed the same amino acid labelling pattern

as described for JEV73.

3

VI. (e) The Metaboiism of Aspartéte by the Prototroph K10.

To Be sure that the incorporation pattern from aspar-

tate seen in JEV73 and JEV73R was related to the phenotype,
the same experimept.was performed with the prototrth K10.
Taug this strain Qas grown with asparta;; U14C. 100 ug/ml
(s; ‘;fic activ££y‘0.8§ X 10“4 cpm/ymo;e). No sigﬁificant

incorporation into purines was found. The adenine specific

activity was found to be 0.04 X 104-and the  guanine to be
- !

0.04 X 104 (Table 6, 1ine16). Wheﬁ‘compared with the

adenine and guanine specific activities observed for JEV73

.

and JEV73R this is reduced approximately by a f.outor of

.approximately 12.5 and represents an incorporation of less

> .
than 0.2 number of purine carbons labelled. An examination

Y

of the radioautograms for K10 also led to the conclusion

that aspartate ig not ;onverted tolglyciné to any signifi-
cant*éxkent in the prototrophic strain. The same labelliné
pattefn described for JEV73 and JEV73R was obéervéd,,with
thelexcgp%iqn tggt_glygine was dqg labelleg'(see Figure ‘

.
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Shows a typical radioautdgram of a protein

.hydrolysate extracted from.érototrophic E. coli

K10, grown with the radioactive tracer aspartate
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Ul4c. Heavy incorporation can be observed of

aspartate carbons into arginine, lysine, glﬁ%a—
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VII. Incorporation of Serine Carbons Into JEV73,"JEV73R '

ar‘d Kl o . ' ' J N \4‘&«’{-“

'As described the major pathwéy for glycine biosyn-

thesis in prototrophic E. coli 1nvolves serine as the pre-

Y cursor of glycine, serine being converted to glycine by the
enzyme STHM. Thus JEV73 and JEV?BR, shown previously to . ~ g
Jack STHM and cohvert aspartate to glycine, should metabo-

lize se;ine_differently from the prototroph K10, Whicﬂ\hag\
STHM activity and does not convert aspaftate to glycine {;5

any extent).
7

VIII. (a) The Metabolism of Ser;ne by Strain JEV73"

JEV73 was grown with serine U14C, 100 ug/ml. (spec1—

fic activity /0. 51 X 104 ch/umole) and leucine. The adenine
and guanine showed an average speclfic activity of 0.22 x 104

and O 25 X lo cpm/umole (Table 7, line 1). ThlS indicates

that an average of 1.3 purlneacarbons were labelled from
serine. This was surprising as JEV73 had been shown Eo lack
STHM activity. Therefore in an effort/io determlne ow serine
carbon was incorporfted into the purines JEV73 was grown with

serine 314C, 100 ug/ml (specific activity 1.0 x 104 cpm/umole).

The adenine and guanine specific activity were both shown to -
be 0.2 x 10% cpm/umole which indicates that less than one 1

purine carbon (0.2) was labelled from serine (Table 7, line 2).

, When the radioautograms from these two experiments were

P

3
examined the labelling pattern for the various amino acids




b Source .of Purine:Carbons in Strains of E. coli K12 Using Serine as a Radioactive
- Tracer i T i v
Strain ‘Radioactive Non~Radioactive Specific mvmnwmwﬂ Average
; Supplement ° Supplement ‘Activity Activit No. of
cpm/umole * ug/ml _ Adenine m:gu..bm d Purine
- " . cpm/umole cpm/umole  Carbons
~ ° r— , . v 5 Labglled
(1) JEV73 - Serine c.ﬂnr 4! /QJ ) . N
. : (0.51 X 104) Leucifie (10) 0.22 X 16* . . ‘et25 x 104 1.3
| . ?.3. JEV73 Serine . wHAn A - 4 4
(1.0 x 109 Leucine (10) 0.20 X 10 ... 0.22 X 10 0.2
| [Pl ' ® © - =
(3) JEV73R Serine, GH&D ) : .ok 4 T W .
(0.64 X 10%) Leucine (10) 0.17 X 10 0.12 X po 0.7
(4) K10 Serine c“:n i 4 : : Y 4 .
\ "N (0.64 x 10%)"  Leucine (10) 0.73 X 10" © 0.72 X 10 +3.47
Table,7: m,ﬁnmw:m of E. coli mzoz: above were grwon in minimal medium with various
. . radioactive and non-radjoactive supplements. The vcw.psmm were extracted
© and their specific activities determined. The average number of these
vzﬂpbm carbons, as determined from the ratio of the specific activity of
purine isolated to the specific mnnu.ﬁ_.ﬂ% per nmﬂuo: of the serine
supplied is indicated.
S

Sy

»
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! : i

Qére fhe same. In both labelling was pbserved in sering}’
the metaﬁoligally related amino acids, glutamate, arginine,
lysine, aspartate, threonine and glycine. However, g{y-
cine was labelled to a much lesser extent than serine.

The observation that glycine was labelled even when §br%de

314C ‘waé used indicated that serine was not heing converted

to glycine by STHM. The mode of action of STHM is well
known and it is the third carbon of serine which is cleaved
in its conversion to glycine. Thus if STHM activity was

still Present in JEV73, when serine 314C is used no labelling

should have been observed-in glycine. In JEV73 serine must

. be extensively deaminated to pyruvaie since aniné°whfch is

derived from pyruvate is labelled.. Tﬁis pyruyvate must then
enter the Krebs cycle since glutamate, arginine and aspartate
which are ultimately formed from Krebs cycle intermediates .

are also labelled, and be converted to glycine via threonine.

y

‘VII. (b) The Metabolism of Serine By Strain JEV73R

'JEV73R was gfowﬁ with serine U14C, 100 ug/ml (speci-
fic acti&ity 0_6;'x 194 cpm/umole). The adenine and guanine.
were{found to have a specific activity of 0.17 X 104 and
0.12 k 104 cpm/uﬁsles and this- indicates that less than one
carbon was labelled frongserlne (Table 7, line 3). This céﬂ

be compared with JEV73 in which 1.3 carbons from serine were

foufid to be incorporated into purines. As indicated -

/1



" 100 pg/ml (specific actiQity 0.64 X 104Y. The adenine and

Qreviously JEV73R showed a lower puriﬁeﬁspecific activity

when aspgrtate was used as ‘a radloactive tracexr, ‘than that
observed‘for JFV75. If éh;s resuit represents a greater
dilution of the aBpartate pqol, due to de novo synthesis '
from glucose, in JEVI3R as éompaféd to JEY73 and if serine

is in@eed being converted to glycine via the Krebs cycle,
aspartate and threonine, one would again expect to observe !
re@uced ipéorporation of serine iQFO'phrines in JEV73R as \
compa#ed with JEV73. lWhen the rafiocautogram was observed
thé'pattern of incorporation was similar to that of JEV?%

grown with serine U14C; that is serine, alanine, glutamate,

. : :
‘arginipe, 1lysine, aspartate and threonine were labelled

o

while incorporation iﬁtolglyéine was only slight.

VII (c) The Metabolism of Serine by the Prototroph K10

Again K10 was grown for comparison with serine UL4C,
' !

guanine extracted were shown to have a specific activity of
4

9

0.73 X_lo4 and 0.72 X 10" cpm/umole respectively (Table 7,

line'4). This indicatdés that 3.4 purine carbons were labelled

' from serine and tFat prototrophic E. coli,unlike JEV73 and

JEV73R, obtained almost all of its giycine and one cafﬁon units
from serine. The radioauéograms from this experiment indicate
that gefine and glycine aré lgbelled heavily and to about the
same extent, whilé,glutamate, alanine, asparta?e and threonine

were much’ less heavily labelled.’ This'pattern indicates

LA

7




p]
[

’

P .
s ! c . - 4 . \‘
that even in K10 serine is .extensively metabolized to :

3 A
several amino acids, for example aspartate; which-are ) 4

’

formed from Krebs cycle intermediates.

VIII. Source of Glycine in Strain HM100. R . L
- . . i .t

HM100 is a serine/glyqine auxotroph which is not-

%

only able to grow on serine and glycine but 'also on sodium
.formate. Newman, et al (1970) have shown that whentgrowing

on formate these formate carbons are not’ ineorporated into

either glycine or serine. The preceding results of this

-

thesis suggested the possibility that HM100 could derive
at least its glycine from aspagtate via threonine. To /

determine if in strain HM100 the same pathway was activated,

- .

not by leucine (as in dstrain JEV73) but by formate, this

. 1 ) . o .
strain was grown with aspartate U 4C, 100 ug/ml (specific °

%

) activity 0.83 X 104 cpm/pmole) and formate and the purines
extracted. The adenine and guanine showed a:specific

4

activity of 0.05 x 10% and 0.05 x 10? cpm/umole (Table 8).

This indicates that there is no significant conversion of

aspartate to purine. The radioautograms supported this

pattern of inc.orporation and indeed no }abel was observed -

[}

in serine or glycine. However, aspartate was being meta-

(3 -' > I3 - 4 '
bolized in the usual way since aspartate, threonine,
{ t L . .

glutamate and arginine were all labelled. “Thus the source
~ . v )
of glycine in strain HM100 growing on forn“i%te remains un- 1\

clear, but is in any case different from JEV73 growing-
. Y \ . gi i

-
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° ﬂw&r -~ 3
Source of Purige Carbons in mﬁﬂmw@.mzwoo Using Aspartate as J#wmmwomnnwﬁm aﬂwmmw S .
o T o . 5 A
“Strain ° Radioactive - zawlwmmwomnnw<m Specific. Specific Average @ ---
. - Supplement . Supplement Activity . . Activity No. of -
~ cpm/ymole . ug/ml Adenine Guanine - Purine I
] oo T - cpm/umole cpm/umole Carbons
. .p. , - . Labelled:
+ . o ) = N -, v : w“. ..\ml
" HM100 - vmmmmwmnm Acid | ‘ ﬂ. .
. (0.83.x 10%) ° NA Formate 500  o0.05 x 10*  o.0sx 10 02

'

.
el »

d —
¢

. ) I : -~ ) -
:; Table 8: E. coli strain HM100 was grown on NA Formate with aspartate vtc is the
h . m .. i R ’ nk.:w.m\,

-radioactive supplement. The purines were extracted and their specific .
B A4

A\ . . : o
moﬁw<wnpmm 'determined. ' The average number of purine carbons, as deter- "
. Bubmm from the ratio of the average mwmnwmwa mnn#<9n¥ om mcﬂwum Hmonﬂmm

to ﬂﬁm@MWmo»mpo moﬂp<pn< wmn carbon of the -aspartate supplied, 1is.
\ ingicated®. e

}*
?
Al

3
.
.
.
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‘-threonlne is converted to glyc1ne. Thus WMen E coli wase ’

, .
L o :
' A \ , )

on léucine. | . v o , PN

5

IX. Regulatory Defect in JEV73 and JEV73R.

From.the previous experiments involving;ihcorpora*
; ‘ 1
tion of 14C labelled precursors of glycine into purines and !

amino acids it is evident that the sources of glycine in'’
AT2046¢, gEV73 aod JEV73R differ from that of the prototroph
K10. The former st}ains all can 'derive glycine.from threoj
nine while K10 obtaine its glycine from serine. Straio
AT2046 has only the one alternétlve source of glycine, i.e.’
exogenous threonlne. Straln JEV73 can derlve glyc1ne from

-

aspartate as well as threonine but it can do this only in - <
the presence of leucine. ‘Strain JEV73R uses the same pat;: )
way as JEV73 but it does not require exogenous leucine in'
order for the pathway to function.
" Leucine has been !@fwn_to’shift thé pattern of meta-

bolism of even E. coli K10. In the presence of leucine more

i S

14

grown with, threonine. 140, a much greater amount of 77°C

glycine wae detected when leucinelzC yas,proylded simule
taneously (see Appendix I). This allows the formulation -
of the following hypothe51s. If the mutatlon which dls-
tlngulshes JEV73 from AT2046~ys a regulatory one which

results in an 1ncrease in the lntracellular thgéonlne pool,

] <

it is p0551b1e that the presence@of leucihe would then ,'




s . measured (Table 9). No swnjlfzant dlfference in enzyme .

- ra

‘ ©
. \
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N

' ate o "\ oy

]

result in ceno.ligh thre\ni‘ne bei—né\&‘nvergted to 'glycine to

,sh{%g;t growth of this glycine auxotroph. In JEV73R,this
i * ’

r

conversion would occur without, the presence of 1eucine} -~

e . i . M o

-7 _ the mutation in JEV73R resulting in’ the ‘synthesis of the

g

&
a LN

enzyme(s) convertmg threohlne to glyc{»ne belng constltu-

- o ¢

* ¢ tive rather than leucnle‘,dependent.. As w:tll, be discussed

t . ~ v .
o . r
.. . 4 h

" later there are’ two enzymes, one homoserine kinase which
9

con\aems aspartlc semlaldehyde to homoserlne and the other, .
kd ’

- threom.ne deamlnase, wh;ch converts threonlne tg ‘(x—ketob‘u-

R tyrate,” 1n/wh,1ch a change in regulatlon mlght produce ‘the
;; ° mutant phenotype. Thus if ‘the threonlne deaminase in JEV73"
i and JEV73R was more sens;Ltlve to feedback inhlbltlon by ' >
. Yeucine than the threo;xlne deamlna‘se of AT2046 or had a / ) i

. 'N
1ower level of. ac§ \T"ty\tha\n that measured in AT2046 or pro-
Lial fed

7

totropha.c g.'_. coli/ less threonine might b’e coriverted to

. . T N . A 5
isoleucine and the threonine pool in the cell would increase.
’ v ) -'? \‘ - . . i l
To inwestigate thisthe activity’of threonine deaminase was 7y

’ = 5t N , ? o .
. t

’ A

o :
"y ) .-

]

. level was seen. JThe respons s of the enzyme to, varlatlons
4

Cind substrate (L- thxeonlne) and 1nh1b1tor (L isoleucine, 1 v

n

w “'f.—leuc1n‘e) cdncentrations was alsd compared in the thx)ee

. ‘ 4, . . . S

, strains. No significant difference was seen (Tablg 10:a, |,

‘v I L . /‘ \‘. '\. . ' a ’,' °
‘B,C). It is therefore“unlikely/t’hat the mutations which%‘(,;

o~
. " ) ¢reated the phen’ﬁtypes of JEV73 and JEV73R were involved - . . °
° w:Lth threonlne deamlnase formatlon. . /\ .
S . [ - - 3 ,
’ ’c ¢ » s K. 13 - ' ‘,‘
- '[' [
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. ' - ‘Threonine Deaminase Activity in Strains of E. coli K12 /
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o | ~ Strain e umole Pyruvate formed/30 mins/mg proteip

‘ - AT2046 - . 0.61 IR P
| . T N roTy i . - .
JEV73 . f . t 0.63 ' - o

JEV7 3R : ‘ . 0.55 T
L . ‘ ' . . ,
. [ ' ¢ 5
K10 - : : . 0.55, . . T e
& . . s : . . °
o " ' : ! 'g
. ' ' '
» Y i P - .
- Table 9:. Strains.of E. coli. indicated above were grown in ; K
S a"' ' o, i’ . ' -
", 7 - minimal medium $upplémented with glycine (100 pg/ml) _,
. *  fo log phase. Threohine deaminase activity was o\
L 4 ’ . foe ] 1 ! ‘ : ‘
. : measured in toluenized cells of these cultures.
-,w: ] ) o, , . \’ 3 . ‘
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Efﬁect of Threonlne'Concentratlon on Threonine Deamlnase

fmable-10: (B), {B), (C): StrqiégJof E. coli indicated in

|

-~

3
-

- Act1v1ty in Strains of E."coli K12 . #
. ) 2
Threonine Concentration % Activity .
X 10—2M : . Strains’ A
@ AT2046.  JEV73 JEV73R ;
-5 . 100 - 100 100 ’
4.2 7 ' 100 98 . 100 )
3.1 - ) 94 93  ° 100 ' .
2.1 -, L ' 94 . 94 100 l
1.6 c e Y- 86 491 ¢ 109 o
182 - 89 88 89 ’
“0.8 ! 59" .70 66
*0.4 » ' 15 32 39 -
0.2 R 3 "1 5

- | | , | {

-
L3

‘the above tables Vere‘g;own in pdnimal medium
suppiemenf-e'd with glycine (100 pg/ml) to log
phase. Threonlne deamlnase activity was measured

9

‘at. various Substrate, and 1nh1b1tor _concentrations.

rvev e~ c -
Lo rt ’ - . . r
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Effect of Isoleucine on Threonine Deaminase Activity in i

¢ Strains of E. ¢oli Kl2.
‘Isoleucine Téncentration $ Activity
X 10-4M . Strains - ‘
(B) AT2046 JEV73 JEV73R o
; = . 100 100 100
- 108 °© 90, - 109
89 99 106
- 81 87 88 -
41 41 43
’ . 4" 6 - 15
g | 4 2 '3
io0 4 . 2 8 :
3. ~ ¢
Effect of Leucine on Threonine Deaminase Activity in Strains,
. of E. coli K12 . co
Leucine Concentration’ & Activity
e, x 10-¥M Strains .
| ~ ) .7 AT2046/ ' | JEV7I3 ° JEV73R
- . ’ . - ' ) '
_ .0 o , : .100 100 160
‘ 0.4 o Y 97 106
, "t 0.8 o 99 93 . 86
o . 1.2 , . 63 68 74
~ 1,6 v o e 46 34
- 2.0 _ , 23 26 24
: 3.0% - S 9 - 0.5 13
: . 4.3 . 1 6 5. .
r N : . ) :
L, ! " ' ' - , / ) R —
" " ‘l. . -
» P . ) o ’ - ‘ ~ 7 \ 4 ,
. Ve : ' . - ’ ) :, | \ \~. ;
» o0 . . . e ¥
[ [ ) " ) ‘. s 3 . ¢
' .' ' . . - ' “ R 2 \ v
e : o AR - AT




X. Enzyme Assay of Threonine Aldolase..

-

An attempt was made to assay the enzyme threonine
aldolase, knoﬁn to convert threonine to Qlycine in certain
organisﬁs, in~strain AT2046 growing on threonine. The assay
attempted‘had been useé by H. &amada, gﬁ gl.(;971) in their

study of this\enzyme in various bacteria and yeasts and it

_ involved using a sensitive. colorimetric methgd to measure al-

dehyde formation. éeveral e:2§me :ssays of fhis type were
don;;lhsing strain AT2046 agd the amount of‘product'formed'

from threonine was found to be oniy 0.01 umoles/mg protéin.

This level was observed to be five times higher in éelis.

grown with threonine and leucine. Iﬁducfidn by leucine is

known to be a characteristic of the enzyme threonine deami-
nase which converts threonine to.the keto acid;;a-ketobutyr;te
(Isenberg and Newman, 1974). This resﬁl; suggested tﬁét ’per-lvrj
haps this‘assayawas not specific for threoni?e.aldolase' -~

and possibly this colq;imetric procedure was not specific

enough to distinguish between aldehyde and keto acid

(thé product; of threonine deaminase activity) formation

in assay mixtures. It was decided insteadhto measure
glyéine formation from threonine which would constitute a
more rigorous test for the presence of this eniZyme. Exten-
sive lefforts, all unsuccessful, were then made to measure“.

glycine formation from threonine in assay mixtures using
¢ A}

-~ ’ ‘.
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-

radioactive threéﬂinq as substrate.

a varieéty of conditions and at several ph values in an

~

effort to establish the presence of this enzyme. Further
~

attempts, to assay,

o

_cant glycine formation from threonine in vitro has not yet
been shown to occur (G. Batiste, personal communication).
‘That glycine formation from aspartate and threo-

nine does in fact occur in vivo has beendefinitely esta-

blished by the radioactive tracer experiments reported here. ]r

a

However, the conéitions necessary to assay for the enzyme
responsible for formation-of glycine from threonine ih
E. coli have still not been established, despite extensive

o

efforts. .

Assays were done under

this enzyme have since.been madeand signifi-

N
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A

The phenomenon described in this thesis consists of

&

" the following: Starting with an STHM deficient glycine

requirind strain, we were able to 1solate a varlety of

~

mutants which could derive thelr glyc1ne in novel ways.

-Stra1qs_us;ng exogenous threonine as aAsource ofglycine

could be easily isolated. From these a strain/using leucin%;
e - Y

to support growth was obtained (JEV73) and from that it was”

possible to isolate a ﬁrototroph (JEVZ3R). These strains

!

were shown to derive their glycine’ from endogenously syn- {

-

thes; zed threonine.

¥“This éiseussion consists of an account of the
various factors which might influencetﬂu&ﬁerivation”of o
glyci m exogenous and en@ogenous threoﬁinLh Ong possi—-.
ble moded\for the metabolidm of JEV73, explained in terms

of deregulgtion“of threonine biosynthesis presented in

detﬁil. It is suggeséea that the role of leucine, in @

L]

supporting grawth of JEV73,; is not specific to utant

Y
but is a general phenomenon In E. ipli. This aspect\is

dlscussed in terms of the regulation of nltrogen metabolism

)

of the cell. , { \ ' -

€

I. Varlatlons in the Abllity of Certain Auxdprophlc Stralns

v

. of E. coli to vse Exogenous Threonine as a Source of

. Glycirne, "\~ﬁ - ‘.' x

13




» The auxotrophic strains used in this study varied

¢ . considerably in their ability to use eiogenous threonine to:
/§ng§fy\their nutritional reqpirement. Most of the serine/
glycine and glycine agxotroph; studied proved unable to use
exogenous threoni%e. Thus strains HM100, 119 and 129 as

well as BF34 were all unable to grow on threonine-supple-

" mented medium, while strain AT2046 and its derivative JEV73

:AT2046 both have .the same enzymatic deficiency, thét is the
\‘\Jw
A- lack of STHM, however, they differ in their ability to use

exbgenous threonine as a source of glycine. Therefore the -3

. ) . G R
T absence of this enzyme, which results in the elimination of

1S -

4.

K]

serine as_,a source of glycine, does not appear to be a
factor in the ability of E. coli to use exogenous@ihreonine"
i as an alternativeKsource of-glycine. Even within the sgme

strain (AT2046) the ability to use exogenous threonine is

-
"

variable, some subclones of strain:AT2046 being unable to
- use exogenous threonine to satisfy théir‘nutritiona; )
requirements;
A study of the possible factors determining the use

* of exogenous threonine as 4 source of glycine was carried

out by Van Lenten and Simmonds (1965). They descrngq a
similar phenomenon beginning with a serine/glycine auxo-
. troph (strain SG), which could not use threonine, théy

‘obtained a substrain (sﬁrain S GT) which could use R

r | L

N . o -

were able to use exogenous threonine. Strain BF34 and N
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ﬁthrébnine as a growﬁh facior. They tried to determine the
basic biochemical differences.existing between the;e two
closely éélatéd strains which would _enable one to grow on
threonine while the other could not. Thex’examined three
explanations of this problem:. (a) that the ability of
straip SGT to grow on exogenous threonine might\be due,té
AN

a greater ability by this strfain to convert thréonine to

glycine when compared with SG wnable to uée exogenous

' threonine; (b) that the inability of strain SG to grow

on threenine was due to the rapid dgsﬁ;uction (deamination)
of glycine, foned from threonine, so thaf the glycine
level in the cell Yas never high enough to sqpport the
growth of this strain; and (c) that the inability of
strain SG to grow on'threenine was dﬁe to a high level of
threonine deaminase which results ;ﬁégo'ﬁpch threonine
gging-desfroyed (deaminated) that the amqunt 1eft\to be
converted. to glycine is insufficient to allow growth. The

investigators excluded explanatiqné (b) and (c¢), and

. . v ‘ ’ :::'3-\;
showed that while both strains can convert threonfie*tq

glycine, strain SGT does so at a much grggter fate.. There-

q

fore even in two closely related strains E. coli, the

r
ability to synthesize the enzyme(s) of this pathway ‘can
differ to tﬁegsgtent that synthesis rate becomes thé

. /

determining £ or in their ability to grow on threonine-

) supplemented&medium. "Thus it seems possible that these

-~y -

i . "?\' - °

)

-
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»
+

subclones of ﬁ%;046, which are capable of growth -an threonine
have the ablllty to 1nduce the enzyme (s) ,of threonlne to

glyc1ne pqthway when grown with threon;ne.- This allows them

w

-

to form sufficient quantities of glycine tg support theig

? growth. However, the subclones of this strain, unable-to

3, * .
s

grow with threonine, are either no.longer able to synthe-

M,

size the enzyme(s) of thls paﬂhway to levels which result

- -~ e
et - ~»

in the adequate formatlon of glyc1ne or possibly have lost

the ability to sypthe51ze this enzyme(s). That the enzyme(sf

©

is modt likely inducihle by threonine in some strains of

lgy coli is indicated by the fact that, as described prev?ous-
ly, AT2046 after growth in §1ycine must be adapted to growth
en threonine. During the adaptation period sufficient quan-
tities of glycine are provided to allow proteln synthes1s
to occur, thus presumably allowing the productlon of the
enzyme(s) needed for the use of threonine. Cultures pre-
grown with gl;cine and inoculated direct1§ into a threonine
medium rarely grow,_indicatihg that enzymatic levels neces-
?ery for the.synthesis of enough glycine to support growth

. are not constituitively synthesized. Thi} is in conttast‘

Pl
to Clostridium pasteurianum where Dainty_and Peel (1970)

demonstrated the -presence of the enzyﬁé‘(threonine aldglase),
« which is gble to convert threonine tdé 'glycine in cells grown

with and without threonine. The level of ectivity was

found to be in the same range under both conditions.

\ ‘ 3
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' centra ons the dose response is llnear, straln AT2046 may -

4

Thus, the ability of‘E. coli to use-"the threonine’

to glfeine pdtﬁway in the presence of exogenoue threonine r

does not appeaf to be widespread. When this ability does .

ex1st it may be related to the 1ﬁduc1b111ty of the enzyme(s) T
of the pathway by threonine. L ‘ ‘~ ),

IXI. The Quantitative Aspects of the Use of Exogenous

' Threonine by Glycine Requiring Auxotrophs of.E. coli -

__“______’,,l—o——’\z—" < T

' Newman et al (1974) etudying the quantitative aspects

N

of the use of glyc1ne by straln ‘AT2046 con31dered that at:low

glyc1ne'concentratxons the glyc1ne provided was used only - .

-~ $

" for glycmne itself and not as a source of one carbon units,

Vd

these being synthe51zed from serine by a new pathway not

involving STHM. Thus at these low concentrations a linear

dose response curve is obtained to glycine.. At higher. con-’
. : . . ; \
?entratlons this curve is no longer linear and under these

conditions tpey considered that the glycine provided was

used as a-source of glycine and one carbpn units. It his e

been shown here that the dose response curve w1th threonlne

1s similar to that with quc1ne. When threonlne 1: used at

high concentrations as tha.source of g1y01ne by straln

AT2046 a non-linear dose response is aggin.obtained. At SN

these levels 14C from theonine serves as precursor of both

glyci and one- carbon units. Since at low threonine con-
‘




L4

v
.

~have thehability to use the nEW'one carbon pathway unde:

]

] . .
these conditions. , / ‘ . ;
Strain AT2046 seems to require a gopd deal more ' .

‘threonine than glycine to produce a given amount of cell >
. . . \- - .
material. Thus an optical density of 36 Klett units is

reached with-0.16 uméles/ml of threonine and an optical.. oo
dens1ty of 90 Klett units is reached w1th 0.13 umoles/ml
* of glyc*ne. ;hreonine must of course also serve as a .

source of proteln, threonlne and 1soleuc1ne and this pre- —

€

sumably accounts for the greater.amount of threonine-

/ .
#MPreded in this matant. . TN \

-

+
@ { .t

III. A Sutvey of the Ability of Strains of E. coli to Use

g

Endogenous Threonine as a Source of Glycirne. TR

v

L4

The ebility to use endogenous threonine as a source .o
of gly01ne has never been found to ocoyr in E. coli to any
signlflcant extent. Roberts et al (1955) fouﬁdthat.proto-
trophic E. coli.could Eihvert_exogenous 14C threoniﬂe but ,

not exogenous ~ C aspartate to glyc{ne (Table 11 ). oy T

' )
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- Tracer = .° i Relative Speciflc Radioactivity of , "

Amino A01ds ‘ -

o - Aspart}d Acié Threonine  Glycine
L0 A -
14¢ “threonine ) 0} . . 1.0 0.5. N
. « o .
‘ // 14Claspartic acid 1.0 x,, 1.0 0.05-0.1 =\
. @ .
| 140 giycine Y .0 . 1ko0 |
\\ q . : . {'}51‘ - g * <
- Table: ll. The interreclationship of threonine-glycing:heta- ' {
boli’sm‘ih E. coli. The incg or?tion of ‘radio- . -

A .
active precursors 1nto specifig amino ‘acids. %

A3

e &

' ) (Roberts et al, 1955). .

[ — 4 t r,' \ . (4} .
. They interpreted this to mean that-endogenous ‘threonine syn-'
. ., [} .t r s ¢
thesized from the aspartate provided is not converted to -
NEY . ’ .
glycine.  The prototroph K10'studied here behaves similarly ' .

/ ' to Hobeérts strain in that no significant incorporation of
o ! v

. 'aspartate carbons.into purines was found. However, it is

~ _ clear that the glycine mutants JEV73, growing on leucine

f . ° 4
: . and JEV73R, growing on 1eq$ine or minimal medium do convert
D o’ (‘t

endogenous threonine, synthee;zed‘from the exogenous aépa;j
tate provided ‘fo glycine.  Thus thése mutants differ sig-

. nf;giéﬁéﬁantly from the w11d type {nﬁihelr ablllty to use- ,
v endoggbous threonlne as. a source of glycine for this path-
way.*'Somecother strains of E. gg;i so - haVe this ability

4 to a limited extent. %}mmphds and Miller, (1957), demonstra-

.ted that a serine/glycine auxotroph, of E. coli (strain SG)



N

EERY - v
. \ 0 : . . ;
\ R - ° 1

was capable of forming five to fifteen per'cent'of its
- ' .

n LS

glycine de novo from glucose.' In their later study vall -
y . Lenten and Slmmonds £1965) found:that the threonlne utili--
' L3
zing Substrain SGT, when growi with glycrggﬁ requ1red less
* ;X L4 \ 3 L "yt

.glycine than strain S5G to support the Same amount of growth.

a

X %
4 The 1nvestlgators consjidered that, straln SGT can make some

- &
14

of 1ts gly01ne,de novo from glucose in the medlum, probably
by the alternatlve blosynthetlc pathway. glucose L-—-¥>

' - the*eonine -7—7—9 g1y01ne, but that thls was not sufficient, S

). \ R A

by itself, to support rapld growth %}zer angd Potochny

)

‘yl965) also con51dered that endogenous threonine could not .

support rapld growth of“a serlne/gly01ne auxotroph of E. coll.

P

>0 ’They con51dered ‘that '‘a normal strain of E. coli mdlntdrnb.f 7
. »
- itizgndogenous threonlne pool ht too lo% .a level to permlt

. diversion of threonlne tongly01ne. .Only in the presence ¢ .
; o . o ' . 4 ., . - -
-4, of-exogenous threonine would khreonine be concentrated in

" the cell to the point where conversion’ to glytine would 7~

fake-place.. Roberts (1955, Page 265) on the basis of *°C
. incorporation studies.hl%o reached the conclusion that

u",

- L] B
. .. "..ol.. there _can Pe no sizable pool of metaboliecally

v B 3

> produced t,hreom.ne in the E. coli"cell " rthidwas based on . <\\
3 »

‘the ev1dence that £L4CO2 was ;ncorporated ektensxvely into
4 - o .
aspartate and threonlne and very llttle into gfy01ne. » s

- 1

‘< olnce even very low concentratlons (0.4 ug/m&\;oﬁhegpgenoué

. 2 o .
4 14C threonlne were found to be converted, to’ glygine it Y 4
L N <

.
: . i ' .. -
{ , - ) ,
' o . ‘ .
‘o . e M Ce, . . ) ’
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14
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K
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would seemtthat the pool of ﬁhreoninexmust be evenvsmaller

.than that formed with very low concentratlons of exogenous
threonine’ \\ -“.f - 4. - >
. g

3
[ 4 [}

Therefore, 1t ls very probable ‘that,the blosynthe51s~

of threonine inh the: cell b, regulated in such a way that the
t B - - ‘F
threonine pool i¢ normally maintained ‘at a comparably low.
“.. ‘ : " R - ’- .
N -.“ i . b . . . . ¢
‘level, itiserv1n‘;as a precursor of 1soleuc1ne. This is |

probablx achleVed by a:’ hlgh sen51t1v1ty feedback of threonlne
» s l
- on its own blosynthe51s. Thi type of control would then con-

s —_ ¥

¥ Stitute a major factor in éetermlnlng whether or not endo-

genous threonlne was converted to gly01ne. Thus Pizer and

\ o

Potochny (19%5) con51dered it 11ke1y that .strains, in whlch

*

v
the pathway for the'biosynthesis of threonine (from aspartate)

was cqntrolled s as to allow a larget endogenous threonlne

pool, WOulﬁ be capable of utlllzlng thlS threonlne as a

source of glycine. A regulatory defect which would redult
“in.either an ingrease'in the biosynthesis of threonine 'or.-a

-~ ¢ . ]

. decrease in its breakdown would lead to'a higher lewel of -

”igtracéllufar;threonine.‘ This kind of regulatory altexation .

(NN
i ¥

could ‘then be oné'ofhphe factors respdnsible for the abLift&‘

of certain E. coli mutants ta use endogenous.thrédonine as a -
- - - . . .

% ’ N i\)

. « -
source qf glycine..

Iv.” The ¥actors Which. Permit the Use of Endogenous Threenine
?

P

as .a Source of Glycine. : ‘o . . \

. i . Y o) e ‘
» ' iFrom the preceding discussion, it would *seem that -+

|

T~
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0 4 ; . oL . . .
iy eéndogenous threonine could be used as a source of glycine if:
: 4

. N - m -
IR two cdkhitions were met: (a) that the intracellular threo-
. ' . . R G \ '
AT X nine pool is suff%ciently large; and {b) that the strain can
o a A . ) . . o .
make a sufficient quantity of the e€nzyme(s) required tu con-'

eonine to glyciqg. Considering the strains studied
. : .

N . . vert thr

Ser A

. ., here, strain AT2046 must have the second ability at least

“~ - whengprovided withtexpgenous thrednine but it must not make

! enoughrthreonihe endogenously to support growth (or perhaps

At

t6é induce enzyme synthesis). Strains JEV73 and JEV73R are .

-

: .i “ dexived difgctly from’AT2b46 and therefore have the abilitw,
g - . to synthegize\thb threonine to glycine enzymes. Héwever; ‘ 1

they are able to use not only exogenous but endogenous threo-

A

- nine as a source of glycine. If a. mutation in JEV73 and
f ' . ) ’

R |

i

’ : . . * [
JEV73R has resulted in an alteration in the cells regulatory
\ B - \ * - - L4
X ' mechanism so as to create a larger intracellular threonine

pool, these straips would 'now have both of the conditions

necessary to ensure the u endogenous threonine as a ,
a

source of lecine. There two sites at which a change

. . - ‘ ~ v \ . R 4

-/ ) \‘ in regulation might result in a larger intracellular
- ‘ B ST

threonine pool. ,One of these which.miggt involve a change

3 . - -

in the sensitivity td inhibitors or level of-activity of
14 © R ¢

L N o NI :
. threonine .deaminase, which would result in a decrease in
» (™ R -

) _ threonine degradation, in 4JEV73 aﬁd,hEV’§R~as éompa;ed

: :fdith the parent strain AT2Q46 or the pPetotroph Kldjhas

. | //g%;eady been discounted. The other site might invé??e -
L ) " < '; : ‘ LN,

~
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homoserine kinase\yhich converts aspartic semialdehyde to
. ]

homoserine., A cﬁange in regulation here would result in an
. I ~
¥

.increase in threonine biosynthesis. Evidence for this type,

L

of regulatory~aéfect comes from the observetion that when

JEV73 and JEV73R were precultured wgth threonlne they were

-
—

-
\ ; found to adapt easily to ?urther growth with threonlne ar

///\ glycine but were unable %o adapt to growth with leuc1ne,‘ .

\ ’ in the case of JEV73, or to leueine or mlnlmal medlum when

/.a » JEV73R is oonsidered._ JEV73 growing w1th'leu01ﬁ745hi\—~\‘ ﬁ
. v ! . . ‘.

JEV73R growing with leucine or minimal medium must form
g ’

-

o

". . ’ glycine from endogenouslyrformed threonine. Initial ’ o

-

gfbwth w1th threonlne‘must in some way result in this endo- )
!

‘ +
" genous threonine supply belng llmlted to tgsésatent that 15‘\\\

is unable to supply the glyclne qulreq “for growth of these

.+ mutants. Thus the‘functioning of this pathway is important

)
! v

as a source ‘of endogenously formed threonine. Preculture

. f ‘'with threonine makes it 1mpos51ble for, the cell to use thls

‘with threonine decreases the quantity of enzyme(s)'forming
L ] ]

"

”, ; endogenous threonine to the extent that these enzyme (s) no

»

longer sufflce to produce threonlne in-a guantity permlttlng

conversion to glycine. . : , S
» * ) < ] .
) { - e »
l\ ' . .
i R SR . ‘ = o
| : { .
. ‘ * . . :
r v 8
| ! A
| 7 .' » \.
» .. . XSRS ;

L route once threonine is withdrawn. It would seem that growth o

-



% . ' Threonine is synthesized in the cell from aspartate

by a serles of reactiohs shown in Table 12.

™~
ly

'r—---‘—----ﬁ-~----—‘- --~—-—~ ------------- --‘-~—’---~ﬁ.~---1
¢ - ~- \ ]
"Aspartyl Aspartic Homoserine H
== . — . . ',
Aspartatn "» o, — xxx»HomoseJ;lne > === Thieonine
. »©
( PhoSphate Semialdehyde g Phosphate §
! > — ,o" .
» I -
= —""lf ”;: ,—"—“ \g . . ¢
! re ' 0% ' r’ v.
{ b : Dlhydrodlpb-: O-Succinyl- ,a—Oxobutyrate
\ ! ! colonic acid{ homoserine . ! ° Vo
——— ’ ' I i x ; ! b4 N
| . ) 1 | x i v
] ] ] v -4
i 1 t » i 3
L | v . e I o R
S vor A4--L-Methionine e LI
] ® ' ! °o
! ' l b, S
! ' ‘ ' L v N
3 . l RN ‘L3 Isoleucine
. i
i i 2 ’ ‘
] : . '
Lo e ee L-Lysine A . x T

Table '12. The systems of regulation in E. coli 112 for the,
s - . — — _
- ,ra’ : e, Lt ) ;
biosynthesis of the amino acids derived frem . N

aspaftatel(Patte et al, 1967). :
; . . K . ' B
» A . N } . . -
- The regplation of this pathway_ khy threonine has been shown to
& - . . B ko " S

occur at two levels. Patte gE_§Q¥(}967) state that in g. coli

* +

K12 the reaction by Wthh aspartate is converted. t¢ uspartyl
\ phosphate is catalyzed by three dlst}nct aspartog}nases ‘\e/>

each being repressed by Qne of the end produéts, 1y31ne or

. _ . ' © .

methionine Qr'threonine (plus’isoleucine){ Only two of

o

1

these are subject to feedback inhibition (as shown in Table

-

12 ) one by,tﬁ;eoﬁin and one by ysine; The sreaction by
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1

which aspartate semialdehyde\is converted to homoserine is

3

catalyzed by two homoserine dehydrogenases one being

repressed by growth on methionine and the other repressed

by growth on ‘threonine. The threonine repressible homg-
, serine dehyﬁrogenase isoenzyme is also subject to feedback

_Q}lebltlon by. threonlne. Exogenous threonlne then uld

be expected«~to inhibit one of the three a toKinases and.
p ;

to répress,its synthesis» and to iphibit one of the two
{ . . " .
homoserine dehydrbgenases and repress its synthesis.

1 . . Y = oa

However, -even in the presence . of threonine two aspartokinases
C,'M« A )

y/,/’\?nd one homoserlne dehydrogenases should be active and homo-

*

e
serine myst be- made The flrst step rn the conversion of

" homoserine t0<threonrne 1s catalyzed by homoserlne Kinase, ,

L]
an enzyme whose synthe51s is repressed by threonine but
/

whose activity is not greatly affected by threonine (Theze'

et al. 1974). "In’ the presence of threonine therefore, syn-
" thesis of this enzyme hould*decrease, but any enzyme present
N, PR PR N . . R \ . .

.
It oLty F'd

might s®ill be active.

——

Using this'as a base;Awhat mutatioos“could account

for an increase in the threonine- pool’ Suppose tha:asparto—

%&anase/homoserlne dehydrogenase, both of these being carrled
\QH ‘the same polypepﬁl e eha;n, became 1nsen51t1ve to feedf

back reéulation. They would produce lincreasing amounts of

4 ‘t N ;
" homoserine and. this could be converted to threonine because
L LN : 3 ' N
threonine is a poor feedba&kﬁinhibitpr of homoserine -
Q - *§

v

-~
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-
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-

-

~

kinase. However, if the cell had beeh grovn on threpnine
the homoserine kinase level would be much repreéée and

while homoserine might accumulate, it would not be converted
to threonine. ' . ’

>
Other alternatives such as a loss of repressibility
N . - .

--»  of aspartokinase homoserine dehydrogenase or of homoserine

o

‘ - ~ ‘(. .
Kinase do not seem to account for all aspects of the
Y L

a

phenotypes "seen. VR a

Thus when JEV73 is grown with leucine anfaspa;to-
/ .

kinase/jomoserine dehydrogenase, no longer subject to ‘

feedback inhibition by threonine, produces dufficient homo-

-

L4 :
serine and this is converted..to threonine via homogerine: '

s

kinase... When JEV73 is grown with threonine, synthesi§ of

the homoserine kinase enzyme stops and adaptation to leucine

is made difficult. > {“‘w

The assumptiop made then is that JEV73 and JEV73R

A

show the same defect in the regulation of threonine biosyn— -
thesis and thus both have dn increased threonine pool. A
further assugption which will be defended in the following

. ‘ . }
section is that this does not itself suffice to permit con-

-
L4

version of threonine to élyc}ne. The enzyme (s) involved are .

induced by ekogenous leucine and\Eherefore JEV73 grows in

the presence of leqcine being able to form a lot of th;eo-

3

nine' and to convert it to glycine. - The mutation’which

.differentiates JEV73R from JEV73 would then be a mutation
- * 1 ’ $ . oy .
. ) g
F"

»
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to constitutivity, that is léucine independence, of the

threonine to glycine conversion.

A

V. The Role of Leucine in the Glycine Metabolism of Mutaﬁgi

Strains of E. coli. N

v

Leucine has been shown to have seveﬁgl\effects on
the metabolism of E. coli. One of these, directly related to

* the preceding discﬁssiqn on regulation, is its ability to
. t :

" stimulate the conversion of threonine’tq glycine (Jane
. Hardwick, sce Appendix I). Thus it was shown that
when a prototroph of E. colf,'strain LR1l, was grown with

threonine 14C and leucine 12C was also present more threo-

\ . .

~ -
nine carbons were éonverted to glycine than in the absence

of leucine. However, when the same strain was grown with
b4

aspartate 14C the presence of leucine 12C did not result in

’

a higher-level of incorporation of these aspartate carbons
into gaycine: Thus il appears that even in protbtrophic

'E. coli, able to synthesize STHM and form glycine from (
serine, the effect of leﬁcine is to stimulate glycine syn-

thesis from threonine..;? This observation provides a podsible

4

explanation for the finding that the glycine auxotroph

strain AT2046 showed an increase in final optical density

units when grown with glycine and leucine as compared with
. L 4
glycine. If leucine }ncreases conversion of threonine to

.

glycine theé provision of leucine might be the equivalent of

2

(&) oo 5

%
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\ incorporated into protein glycine or purines.

the provision of more glycine, and‘this would thén

increase the total growth on the glycine provided, as 'was
seen. Thus.in strain AT2046 leucine st%&ulates the "conver-
sion of even endogenously formed threonine to glycine\and
must aiso dé SO iﬂlstrain JEV73 which is derived from AT2046.
HoweYs;, if JEV73 has alreédy an increased thrgonine pool,
the additional effect of leucine might’suffice to produce
eqpugh glycine.for growth! The efﬁeét{of leucine would
supply'oniy enough glycine to sparei in AT2046, thg threo-
nine pool being so much gmaller. This would expl;in the

ﬁfinding that leucine is not a precursdr of'glycine”aﬁd.not

’ -~

at®

“

The exact point at-which leucine affects the meta-

bolism of threonine in E. coli or the exact mechanism by

which leucine acts can only be speculative at this time.
v : - .

However, the d¢bservation that leuéfﬁégis no ldnger able éo
'substitute\for glycine and act as sqle gr;wth factor for
strain JEV73 when the egzymes of the pathway fraﬁ aspartate
to threonine have been represseds suggests\ghat the Fole aof
leucine is not reiated to the synthesis of the enzyme's of

this pathway’. 1In ad%;tion it has alfeady'been observed

4
A3 »

that_%gugine‘does not appear to act by inducing the enzymes
-of Ehiéwpathway since the presence of leucine was not found

to stimulate the incorporation of aspartate carbons into

5

purines in strain LRl. Therefore it seems likely that the
' oo
action of leucine may be on the enzyme(s) of the | athway

. AN .
* \\‘
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"bolism in a similar capacity. .

Glyc1nq cleavage - o .
(1) Glycine =—-—===—=mw———- -———Aapl
, Pathway ;
, . STHM ¢
(2} | Glycige + Cl —————— » Serine
, { ~  serine - J
(3) Serine ==-—e-=——-- ) Pyrugﬁte + Ammonia ,
" Deaminase’ : ) -
; s ~ -
I
. J : , )
@ "c N [

“\ @

d

from threonine.*o glycine. The 10Y'levels gt'whicﬁ s r o
Jeucine acts tégether with the fact.t it was not found
to be the precursor oﬁ‘glyclne or one carbon units suggests
a "co—factor" type of act10n for leucine 1n this area of

metabolism. Other eV1dence will be cited later\showang

that ieuéipe has been found fo‘agt in other areas of me%a— /“\
4

v

VL. . The Effects éf/ieucine in‘the Glycine Metabolism’'of

.
- . .

E. coli. s %

—

' Leucine is known to have several effects on the -
glycine metgbolism of E. coli, other. than the one discussedqd;

- 24 . .
its ability to replace glycine and act as sole growth factor

for certdin g%ycine‘auXOtrophs. This i? especially true
) - . N

under conditions where no .nitrogen source is added to the

medium and glycine itself is then used as the nitrogen

source by E. coli. To do this gly01ne has to be metabollzed

by the folloylng reactlons. N

-~
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’

.Thus" by this éathway glycine is convert/;g‘d to serine .
which is then deaminated t6 form pyruvate,, this reaction
yielding ammenia (a source of nitrogen) to be used by the
‘cell. When gl_ycine is uséd as the nitrogen source in this
way and leucine "is also pres:\an‘t': it is foynd that the’'rate as

- ¢ . . ,
' "well as the extent of growth of prototrophic E. coli is

a

increased (See Appendix II). The mechanism of actjfé’n of

i leucine in supporting the grqv;th of the glycine auxotroph;
strain JEV73, was previously discussel and was showr; té "
involf¢e surprising_ly low ;évels of leficine. Again we f£ind
that when leucine is preseh; at levels . 'as low as"5 Qb/ml E
and glycine Nj.f‘sﬁsed; as the nitrogen source the rate,of
. growth of prototrophic E. coli K10 is “increased" sugggstiﬁ'
| that in these tyo;.instance'i..the mechanish of action for >

leucine may be -similar. T . ’ .

-~ . , . ) } '. \ \q l
A recent report by McGivan et al (1973) finds-that

. leucine has a profound effect on the nitrogen metabolism in

. i “%
,rat liver mitochondria. Thus it is found that leuciné com-

2

'plexes wirth “the enzyme glutaméte dehydrogenase, .respdr-lszi"ble
for the synthesis of glutamate from a-ketoglutarate and

ammonia by the following reaj'tion: }

2

+ + glutafnate .
a-Ketoglutarate + NH 4 + NADH # H | > L-gluﬁamate
. o é;hydrogenase : 04:
R ‘- ’ - ¥ napr - o,

e’ « » '- . / v .
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o McGivan et al (1973) ‘state that at low ammonna concentra-
y tlons this reaction proceeds in the dlrecthn of glutamate

synthesis,very slowly however when low concentrations of

; y 4 .
leucine (5mM) are also present this stimulates the .reacdtion

.

- - such that glutamate synthesis’ is gregtly increased. In
._this case 'leucine actually complexes with the enzyme to
influence the direction of the reaction and stimulate the .

assimilation of ammonia into organic form.

E

An important source of this ammonia required for
n
glutamate synthesis comes from deamination ¥eactions in the

!

cell. Two enzymes involved in such deaminations are serine’
deaminase (previously mentioned as a keylenzyme in the use yf

( of glycine as a nitrogen source) and threonine deaminasq |

[

both of which have been shown to be induced by leucine in E.

coli (Isenberg and Newman, 1974). Thus perhapsunder condi-

P A ! tions where the cell has difficulty obtaining ammonia, as

-

. . . ° e -
would occur when glycine is used as th€ nitrogen -source,

R . i Ty

' ‘ leucine may act to induce certain deamination reactions and
' ' . . . /
perhaps favour the storage of _the ammonia they produce, in

4

the form of glutamate, ‘to be used later in amino acid
< ' ' ‘ £~
' biosynthesis.

In summar{/leucine'may act as a majgy'regulatory 3-‘

signal in the cell, to increase the §cavenging of nitrogen, .

: . N
'1 from excess organic nitrogen containing compounds (that is, {

- A

r - '
N deamination)gend also increase the incorporation of ammonia # *
. \ , -
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into nitrogen storage compounds like glutamate. The effects

-described in this thesis would then be coincidental results

’

2

,of the ipte;zplay between régqulation by leucine and differen-

ces. in .certain mutants. Thus in strain JEV73 the’ ae‘tual
. J .t n

mutation may have nothing to do with leycine metabolism.
Leucine would increase threonine to ycine conversion in- |

all straing. However, in strain JEV73 this would make ‘the 'y

o .
difference between gmyth.and no growth. -

VII. Source of Glycine'in Straip HM100.

-

*
From all available evidence it 'has always. been con-

¢
1

sidered that the biosynthesis of glycine proceeds via the
two pathways previously dlscussed "~ However, as early as
1955 Roberts et al reported the p0551b111ty that a third

pathway for glyc:me synthesis exists.. They: observed tpat
~_ : . ’

. ¢oli K12 grown on glucSse- and 14CO~22 incorporated 140

n

into glycine and that the precursor of’this glycine s not
th‘reoniné\ or wserine.‘ Ef‘hey estimated that yhen glucose is
used as the carbon and energy source about ten percent

of tPe glyc:.ne may be derived by this pathway. .

Strain HM100, a ‘serine/glycine amxotroph, can grow

on sodium formate. 1Its source of serine and glycine under

L 3 L

these circumstances is not knowh, and it was suggested that
~ , ~ ‘

the presence of formate.restores a pathway of serine
A . - . ‘

) | o

-— -

“

e
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biosynthesis (Newxﬂa"n 1970). 'I‘he poss:.blllty that threonine
Fd
2 S
acts as a source of glycine . (and serine) has . been tested, .. D
and excluded in this’ tﬁesis.\ The problem of theb origin of o
glycine (and serlne) in strain HMlOu therefore remains o
. . - 4 4 . .
unsolved. . T T . .
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