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. ' . L-serine dedﬁinase has been shown to be a distinc _
. . : - ) R ’
w4 eéntity, different from L-threonine deaminaseé, The
enzyme has been'shownlfo be specffic or L-sérine.. R R
s . . R . L
- , . " Its pH optimum, cofactors, and .inhibitdrs have also - o o

’ ‘ been studied. ‘. /} \i - ’ N ‘ :“ . .

\ \

T
0 1)

- = L-serine deaiinase activity exists in substantial o
- . o' . o S R .
- amounts in'cells grown in minimal medium. It is - ‘ AR

L -increased by growth in the absence of inorganic !
‘ ':'*-‘ - . . A R 4

nitrogén and in ‘the .presence of certain amino acids, ) . .
) . . . ' . ) . . . .
Ly . in particular L-glycine and L-leucine. The enzyme . , D -

o is unstable in vivo as well as'ig_vitro.. In vivo" . ' .

F ’ Iy . . s ' T " -t .

. -t instability is seen most markedly in the presence of S
- . . ) L

, 7 the inducers of the enzyme. - 4

These results are analyzed in .terms of the’

.

péssible‘heﬁabolié role of the ‘enzyme as well as the “

- N ‘ ¥

possible mechanisms of its induction. T RS I J
% . . SRR "
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e 2 " This thesis is cdncerned with the‘rolé of L-serine

.
< ¥
.

deaminase in the metabollsm of E. c011 K . The bio-
' 12
synthesis. and fusther metabolism of L-serine 1s reasonably

‘well ﬁnderstoodlA owever, why‘there should be an gpzyme
which converts L-serine to pyruvate is not obvious.
L-serine is synthesized from an intermediate of the
. Embden—Myerhoff pathway, 3-phosph6§1;cérid”acid. ‘This is
reduced to 3-phosphopyruvic acid, which.in turn undergoes ‘

I

" transamination to form 3-phosphoserine. - Hydrolysis by a
phosphatase prqduces”L—serine. (Figure I)- ‘

v o . ‘
L-serine may then &% converted, as an intact

molécule} to cysteine, tryptophane, and methionine.
(Figure II). When cleaved by serine transhydgoxymetﬁylase

into« and @ carbons’ L-serine is used in the syntheéis of

v <
N

glycine and C-1 units. Glycine is incorporated into

purines, and poryphrins and proteins.. c-1 units are

methionine, and thymipe{ l ' ,

n

v om
o

C-1 units also.ﬁave a more genéial role in prdtein
*sfnthesis. It has been found that N—formylmethlonxne is
the. starting amino acid in the synthesis of &ll bacterial
polypeptides(clark and Marcker,.1966). Initiation of 7f

protein syntheais xhus requires the p:eaence £ c—l units
‘for form&latinq mathionine. Therefbre, the a ailability of

< , . . INTRODUCTION . T

essential for the synthesis of purines, tyrosine, histidine,

L—serine will influence the rate ot fbrmation oﬁ new protein.

N
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ﬁ/‘ g . In addition to all these reépet'iqns, each of which

Ced : ) . '6
| seems to have an obvious role in metabolism, L-serine can
| 4+ o !, '

N ‘w\_fa}lso underdo non-oxidative deamination to form pyruvate and
ammonia. (The reaction is diagrammed in Figure III). The

.", erizyme— catalyzing it is 'one of the least studied. in this

" area of metabolism. Perhaps lthe_magin reason for this neélec.t

-

. .is the fact that in the past,i—L—seéine deaminase activity

hds .not beeh at{:ri})uted to the action of a distinct enzyme,

* *  L-gserine deaminase, but rather to a subsidiary activity
'S » .‘ . " ™
' of some other enzyme(s) whose characteristics were well
o . N

known. Two enzymes in partig\\lar were suggested. to 'be
responswle for L-serine deamlnatlng actn/lty. One was

D—serlne deamlnase, whlc}i catalyzes the deam1nation o*f ’ L d

o Q

P D-serlne to pyruvate and ammonia‘ the other was L-threonlne

’:~."m . 7 deaminase, which catalyzes the deam:.nat;lon of L-threonine

114 -

‘t Vo f\ao(—ketobutyrate. o - ' '

L i Proof that L-serine deaminase and D-serine deam:.nase

. - -

o *  are differgn't enzymes is relatively si ple. ,I{x;x early reports

\j on serine deam'i_nation,"’ the methods used did not even permit
a distinction between L- and .D-serine deaminase. » The
substra“te used was 'a racemic mixture of D~ and L-seriné ”

<

and ﬁhere was no }vay of discovenng whether one or two enzymes

were - involved ‘(Gale an‘dtstbphenson» 1938, Bbyd a,gd,Lichstein,
1955, Lwhsbeinmd Ghmtéﬁ;, 19‘58) HoWever, when the B

o ' isomers of serine were used. separat‘ely., it became pbv:i'.ous .
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4

that there are two enzymes involved in serine deamination,
a D-seride,deamiﬁase, agd’an L-serine deéminase.’D-serine
deaminase is synthesized'only in the presence of D-serine
and is specific for D—seriﬁe and D-threonine and is inactive

against L~serine; L-serine deaminase is specific for .

AN
L-serine.Parflee and prestidge, 1955; McFall, 19%64).

The possibi}ity sti%l remained that L-serine deamina-
tion and threonipe deamination are properties'of the same
enzyme. Perﬁaps.the first to show evidence ‘for this was
Wooduhhd.Gunsalﬁeu949)studying Crookeg Strain of g,'ggi;.
They partially purified the enz;ﬁes and showeg that the
same cofactors (adenyllc acid and glutathione) were
needed for both act1v1t1es. Moreover,; the rate of:

?

deamination of a serine-threonine mixture was lower than
éhé sum of' the rates obtained‘for eech substrate alone:
Because the activities were not additive, a competition

for a single enzyme was suggested. The enzyme assayed was
veryeuqstable in the presence of serine. The raée of
inactivation of the two activitiee were also cémpared.

They weie lost eimultaneously; ‘This indicated that threonineA
deaminase could not(function indeéindently of serige
deaminase, thus suggeeting that they were in fact oﬁe enzyme.

In a study of Neuo_pora crassa (Yanofsky and Rexssig,

'1951), it was also suggested that serine deaminaae and
thréonine deaminase were one enzyme Both\activities had




r .

- R . -

the same strict reéuirement for pyridoxal phosphate, and B
the same pH optiﬂpm.at.ébout pH 9. Activities against

substrate mixtures were not additive, again suggesting - ’
() . . f

o
4
)

competition for a single enzyme. ' L=

’ A more recent report on the serine and threonine
deéminase activities of rat liver (Goldstein et al. 1962) \
also~prov1des evidence that a 91ngle§enzyme is respcn31b1e g
for both of these activities. This Jas again based on )
similar pH optimum and non-additivity of activities.

Further ev1dence was obtained during enzyme purlflcatlon.
The ratlo of act1v1ty against seilne an@ threonlne remalned
constant durlng 8 fold puq.flcatlon, ‘heat lﬂ&Cth&th?, . /

UV lrradlatlon, and tryptf! and chymotryptlc digestion.

Ig therefore seemsothat there is considerable

T

ev1dence that in Crookes Strain of E. coli, Neurospora

crassa, and fat llver, there is only one enzyme catalyZLng
L—serlne and L-threonlne deamination. While it may be

that a single enzyme was involved in the systems described .

. above, it ig more likely that the separation was preﬁented

. evidence was accepted at the tlme it was publlshed and thls

-realization of its significance.

-

by lack of proper distihguishing critexii; In -any case, the

understandably would have temporarily preventedithe
dedcxiptlon of a sﬁparate L—serine deaminase enzyme, or the ‘ Co

Pardee and PreStidg@&I§5§isuggested that the evidence



T

given for a single enzyme.deaminating both L-serine and
L-‘thz;eon‘ine was not conclusive, and a}:li:empted to show
‘the existence of separz-i\te enzymes for eachi activity.
They did this by trying to find conditions in which one

was present and the other was not. This was done by

growing the cells in a vériety of conditions expected

to induce one or the other of\the activities. Since

the ra;tio of L-serine a;;d L-th}éonine ﬁgam:j.nase . "_

activity varied widely (0.15-2.3) with the conditions ‘

of g'::owth,. it cc:;ﬁld be conclude:f! that a;xore than one

enzyme was involved. ‘

| . N Using the same method, Sayre and Greehberg (195&)

g . o demonstrati:d that L-.sqerinle and L-threonine deaminases |

were distinct en.zymes in the sheepf liver system, aﬁd

) ;vex‘f’t on further‘ to se‘paraté. them by controlled heat

| ' denaturation and ammonium sulfate fractionation.

a Additional proof Of the existence of aistinct\ -
. enzymes: for L-serine and L-threonine éeuination exists S
'm the E. coli B/r system: stuthed by Artman & Markenson

. (1956) . This gtudy reported that the organism uged -

posaessed no L-threom.ne deaminase, wlgile g cher

) déaminases, L and.D serine Was ware Btlll p:esent.

1

' » ) , It, seems therefore. that ‘I.-senhe damnaae and
.. %

B . . :
[ ' . (L-threonine deaminase re two di.fferant enzymes. ] uer
C R staterients to the oontrary probibly are dne to N 8

PPN
.
)
b.

P
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insufficiencies in the experimental design. 1In any case, ¥
in the present study the quéstion of the existence of °

a distinct L-serine deaminase has been considered in . :
N - ~ . ’ .
detail and succéssfully demonstrated. L7

e

Thus, for a long time, it was thought that there

0

was no distinet L—serlne deaminase. It is therefore

-

not surprising that there is llttle mention in the
literature of its possible(hetabolic roleé. Onee it
became clear, however, that this activity be&onge toa . C
oistinct enzyme, its metabolic role became of interest. ¢

4 -

. The products of the reactlon belng,pyruvate and. ammonia,
two pOSSlble roles, 1 e. in either carbon oévnltrogen ‘
kS metabollsm could be immediately suggested. 'However, a

o role in carbon metabolism seems unllkely 31nce pyruvate ' o

i ' can be éroduced dlrectly from glucose via the-Embden-

Myerhoff pathway (Flguxe 1).The formation of pY uvate

acid to L-serine apd t?ence to pyruvate. It is difficult‘,
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If the enzyme is not involved in carbon metabolxsm,~:‘ a
it might be involved in nitrogen metabol;sm Sxpce-the o L
- ,.’ - . J‘
nitrogenous reaction product is ammonia, inorganicﬁ .
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s . one conceivable.role of L-serine .deaminase could be in v o

N [N e . I}

providing the cell with.a'nitrogen soujﬁe when another -

, is absent or insufficient. . - . '

’ . E..coli can synthesize all amino acids starting

r

from ammonia ' (Lehninger 1970). Inorganic nitrogen, - - ‘

Nee

’ " . " as ammonia, can be converted to organitc form direétly
- " by two enzymes, glutamine synthetase and glutamate de-

.

hydrogenase. These are the only ways of transfer of .

inorganic nitrogen into the cell. However, once- . .

incorporated into either glutami§g°or‘glutamate the - . »

N ) c?--nitrogen can bé utilized in many different ways. o T

hY

Glutamine synthetasg catalyzes the formation of -

v N 2

glutamine from*gluéamic acid and ammoﬁia,-as follows: _ T,

Ar

__— ~ L—glutamate + NH, + ATP-h% L—glutamlne + ADP+ P -

, ‘ It is the glutamlne amide group which 1n turn supplles the ' .
nxtrogen atoms of tryptophane, adenyllc acid, bytldylic

- ' acid, glucosamlne-G-phosphate, hlstldlne, and carbamyl ‘ .

phosphate (Cohn 1968).

Glutamate dehydrogenase cataly2es the syntheszs .
N of L-glutamic acid from ok, —ketoglutarate énd ammonia,

as follows' ' ] : .

. (Y

) . -«(—ketoglutarate+ NADPH-—leutamic adid+ NADP* . .lff«
' . + H +H0 . 0

. yoew
RIS . dleier L X < . .
. . 3 2
N . o L - . a4

«T;hnsiﬁindtion of.;(-ketoacids‘with‘giutamic‘aéiq as the -

2
’
7

N amino g’ro\iﬁ ‘donor z;éprggenta the major pgthvdﬁf "of;@h&f

o
Ty~
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e
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frj_
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- introduction of the e« anint group in the biosinthesis

. of mogt other amino_acids (figqure below) (Lehninger 1970).

@ ’

' ' __L-glutamic qpd’:—ket_oglutarate
L) "l ’ * . *
: . oo ' ' ¢oOH
- ° CI;HZ ) C|:H2 . )
‘ (I:HZ any e«Ketoacid any aminoacid ‘;Hz
. t : - HCNH, . R R " e=0 .
i I | .
CHZOHu =0 HCNH2 (60, 0) X

) . éoon ’ éoou

» ' N

- Py -
’

This reaction is reversible and therefore can either use.

available nitrogen, for synthesis, or can'be a source of

Ri

lt. L-serine deaminase act1v1ty may 1n some 01rcumstances_i

be a source of the ammonia for the above reactions.
Alternatively, L-serine deaminase could be of use .
- to the cell by providing’ a mechanism to rid itself- of
N excess organic nitrogen, for whatever reason this condition
: ‘ ‘ may arise. This would be done by converting organic - ' "ife
;55,. ' o f nitrogeh; in the form of L-serine, to inorganic nitrogen- -

“as ammonia, i.e.” a detoxifying agent. Since inorganic

e nitrogen has a limited way of entering cellular metabolism
it may also be that organic nitrogen has a 1fmited way '

of leaving, i.e. via specific deaminases. o -




v . =

~ .

! ‘_ ‘ 12. '

miéroorganisms provide further proposals as to its role. -

G

For example, in Clostridium acidi urici (Benziman 1960)

which can grow on uric acid, it has been suggested that

the high level of L-serine deamiﬁasg* activity indicates

that L-serine acts as an intermediateé in the overall upic

acid fermentation. It was seen that at its maximum rate,

L-serine deaminase activity in crude extracts was comparable

"to the overall rate of uric acid fermentat%on by the Qﬁole

cells of Clostridium. It was therefore suggested that
‘ \ A !
L-serine deaminase could be part of the same system.

In Arthrobacter globiformis (Bridgeland end Jones 1965),
the conversion of L-serine to pyruvate is thoyght to be

the key .step in the utilization of glycine as a sole

T - &

4

carbon and nitrogen source for growth. This was also

]

described for Pseudomanas (Morris 1963). The pathway

is the féllowing: glycine is converted to L-serine and

then deaminated to pyruvate. Pyruvate can tﬁen be ‘ .
carboxylated to»gi&e oxaloacetate or oxidized to ;cefy;

CoA, which in turn condenses with glyoxyiate to give ﬂSlata.
Thus, essential tricarboxylic acid cycie intermediates

<

" are synthesized from the 2-carbon compound, glycine. -

<
©

* T*This autbor and several Gthers call this enzyme 'L-serine
" dehydratase'. 1In this thesis, 'any enzyme cgtverting
L~serine to pyruvate and ammonia is termed
deaminase.

~-gerine




-

These

(Bird et al. 1972) and gluconeoqeneSLS from 2-car n -

-~

compounds (Wang and,Way900691962).

»

If the pechanism of pyruvate'production from
L-serine were transaminatfzn rather than\deaminationJ a
role could beiimaginedzfor ;he enzyme in a pathway of

,glycine production similar to that recently described in .

' Pseudomonas by Quayle (1971) This pathway involves a

% L—serlne-glyoxylate transamlnatlng enzyme whlch catalyzes

the follow1ng reactlon,,WLth L-serine as the amino donor:
& . . ,
L-gserine "

/ .

r

glyoxylate ?HOi
COQJ- b . - f

glycine H?Nuz : - .

*; ’ ’ o

COOH

~ ' L

. <3
A survey of thé.literature thus indicates that

L

. % o,
Leserine deaminase is a d1stinct enzyme of unkngwn metaholic-" Co

°
B ‘ - v
- P

role. The present study was undertaken in the hope of ' o ‘§¢
determining the extent of L-gerine deaminaae activity of ;‘  ;:” fﬁ
- anvE. coli cell and investiqatipg its role in the cell' .g'
. metabolism. _ ;,',<._ L -'l '; ’ Hi:iff:
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MATERIALS & METHODS

Bacterial Strain: ” . i
: X ' :
The strain used in these experimehts/ was a mutant

3

of Eschericilia coli Kl2'

(K P ) obtalned from Dr. E. McFall at New York University.

»
It was malntalned on slants of yeast-extfact—tryptone agar

a L—prol:.ne-'requir:l.ng auxotroph

at 4°c. The composition of thls and other growth media

. oy -

h.s descrlbed be low.

Growth Media: , .

Bact;er:.al cells were grown in llquid minimal medium

b

containing 0.54% ° KZHPO4, 1. 26%K112 4 4’ . -

0.2% MgSO, '7H,0, and 0.001% CaCl,; buffered at pH 6.4. . '

v 0 2% (NH4)ZSO

When a minimal medium ¢xcluding inorganic nitrogen was

reqzﬁred, 0.2% -?(NH4)2804, was omitted from the rest of the

med\!>um contents. R ' "
‘The carbon and energy eources, glucose, glycerol, :

and succinate, were added to the medium to a £inal

LY

-concentration of 0.2%., Other additions to the growth e N -
| o

medium were made acoorhing to the reéuirements of the v ‘ < 4

particular experiment.. All amino acids were added to tlie

growth medium at 50 ﬁle except - glycine at. 25, ugéml and

. L—aerine at 100 ug{.ml



Cell cultures were kept by frequent transfer on - .

Kl ’ ——

. slants of yeast-extract—tryptoﬁe agar containing 1% yeast.

~*"C‘
o : 4 .
{ extraet, 1% trygiéone, 2?5 agarr—»and.G.ZS% K2HPO 4 Glueese
was added to a.final concentration of 0.01%. o~

Chemicals: All chemicalsAused'were urchased from

. either. Calbiochem of Los geles, California,

or SchWartz Mann of Orange urg, New York. o ?

' Growth of Bacteria:

Cells from yeast—extract—tryptone slant cultures
- grown at 37°C, were 1nocu1atec;.,_into one-liter Erlynmeyer '
flasks, each containing 100 ml of medium and a single
carbon and energy source. Cells were grown at 37°C

« o, - ) N
.

in a gyrotory water bath shaker (New Brunswick .
Scientific co., N.J., Medeer76) at approximately 180 ¥pm, .
/ -until the culture reached the deeured a.bsorbance. ot
Cells were then ¢hilled in ice water and salt, centrifu éd
at 6000 rpm for 5 minutes at 0°c in a refrigerated centr ’-'
fuge (International Equipment Co., Needham Hts., Mass.,
Model B-20), ' washed once by resuspensionl in minimal medium - '\
" without ammonium Sulfate, recentrifuged , resuSpended again R
J.n minimal medium without ammonium sulfate, .and then Ce

L]

" assayed for enzyme activity.

- Cells requiring subculture were harvested as

described above, and then reauspended into 100 ml. of fresh



I

»

-~

New York, Model 600—3),:filter #42 (spectral range -

medium; and incubated shaking at 37°C until the culture

. |

reached the desired apéérbancg¥g- . o .

'
.

v 4 o ' . ) ‘

Measuremerit of Cell Growth

. Cell growth was followed by measuring the absorbance
. . ° . ¥ '

using a Kleﬁt-SummersEnudolbrimete; (Klett Mfg. Co. Inc.,

)

400-465 mu). -

Assay of L-sefine Deaminase Activity ' : tz )

1

n S5
The assay for l-serine deaminase activity used here

P - !

is based on the-production of pyruvate.according to a

slight ﬁodification.qf the‘method of Pardee and Prestidge
(1955) . The: incubation mixture contained 0.3 ml. of : -
washed cells, 0.02 ml. of toluene, and 0.1 ml. of a '
substrate solution ‘at either 10‘or:30 mg/ml. This
mixture, was incubated for 35*minutes at 37° ; 0.9 ml.

¢ . B

of 2,4 dinitrophenylhydrazine (DNPH) in 4.1% hydrochloric

"

aé;d was' added; -and the mixture‘inéubated 20 mingtes'at o :;
room temperature. ‘1.7 ml. offlO% NaOH were then added,: ,: i .”€¢
and the‘aﬁsorbance determined with é’Kiett-Summefson . | .
colorimeter #54 filter'using pyruvate' as stgndéfd,’%fhe‘

py:ﬁvate reacts with the DNPH to p;oducewa”ygiloy'colbur.

This essay is a general oné for & ket acids and what is:'
nmeasured thiefpre.ip the pféﬁuctiqn_o kgtdfﬁqiﬁffrqmggﬁiu'{

e

.. ,’" .
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;. L-serine.  The_assumption is made that the principal . . -

;. ‘ . olketo acid produced is pyruvateZ) This method differs ’

- . from the original in that it ;ses 0.3 ml rather than .

0.2 ql of cell‘suspension,.and in that substrate and At
_toluene are added simultaneously. |

™~

Also included in this assay was-one set of tubes o

. -
.

to which no substrate was added. and one ‘set 6§ntaining Co
boiled cells.n Theoforqer set allowed a meésuré of the ;
endogenous production of pyruvate. -The latter was inclhded N
to .determine the amqunt 3f pyruvate iplﬁhe cells before

\ . ihe’assay was performea. This value was‘always negligible.

° N N K
All assays were done %n triplicate  and average values-ysed ’
. for calculations. Activity is e&pressed as the difference

between the amounts of, pyruvate formed with and without

substrate; related to the amount of protein in the cells: -
: \ . [ T N e
v dmoles pyruvate producéd’per mg pfztein (Mm:pyr/mg prt).

K

(Y
.

. s Note: -

v

7 : ‘ Activity against any substrate is expressed as
umotes pyruvate formed per’mg.Abrotein used in the standard . : e

assay time 6f 35 minutes. When L-threonine was used as ° LE

N . substrate, et -ketebutyrate was presumably formed. However, .. - i,

. N .!'.A>

' pyruvate was alwﬁys used as the standard,

o . )

i mahe,tq convert these.ahits»to correapcndiﬁé amounts of

No attempt was

V.

a(;-ketobutyrate, or .to uAs‘e‘ *ketébutffate as a standard.,
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NOte- ~ - Aty
In the earlier experiments described"‘“’beldw, the =~ - /

]

, concentratlon of L-serine u%ed as substrate was 952 um/ml

( 1 ml. of 10 mg/ml solﬁt;on). However, 1t was later learned

that 5 concentrat:.on of ‘19.0'4 um (O.l-ml of 20 mg/ml soluti,on)

B

was closer to.enzyme saturation ,, and therefore ‘in subs'equent .-

experiments, - this latter concentration was used in the .

s

assays. The conce,ntratlon used in each experlment w:.ll

therefore 'be noted with each’ table of Fbsults. , 2
N f;.' - ‘ S ' . -0
Cell Extract Preparation Lt e

A 400 ml. aliquot of cells grown to an ab- .. N

sorbance of 60, was centrifiuged at 6,000 rpm {'for 5 minutes

at 0°c, washed once with.,minicrr’tal medium without ammonium i
‘sulfate, and t\lllenA ;-eeuspended to al;out 20% weight/volume . A
in potéssium phosphate bﬁffer (pH 7.0). The cells viere o '
‘disrupted by som.c oscillatlon »wJ.th a 100 Watt ultraSOnic - . h .
dlsmtegrator (MSE Ltd. . London S.W. 1). :['he homogenate o
.was clarlfied by Centra.fugatn.on oat 8,000 rpm for 18 ,, '. .

- mnutes,'and the supernatant f].u:.d collected for the C . ' B
enzyme assgy. . ‘ T o
Prote:.n Dgggmnation 1 o . f

Protein was detemined by the method of Lowry et al.,

(1951) usi.ng trypsin as sﬁandprd. B
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. - "Definitions o ) , Cy

Medium dontaining inorganic nitrogen (as ammonium

®

| " gulfate) was referred to as MM:N. However, medium to which o

.
B -

. - inofganié nitrogen was not added was referred to as MM-N.

v

| When the discussion requires that the othex orgaric

A

components of the medium, be specified, these abreviations
——

were shortened to +N and -N respectively, and the other
components specified by their first initial.  Thus, -Npg. .

is the abreviation- for minimal medium without the addition | .
of ammonium sulfate, but with L-proline and u'glycine;
"similarly, MM-N refers to any medium to which ammonium

N

sulfate has bhen omitted, and does not specify what other

[ < .

- additions were made, ~ . .

/
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'Validity of the Enzyme Assay

A study of the type conducted f6r this thesis

i

requires a v&liq assay of énzyme activity. The presence
of L-serine éeaminase is detected by the-occurence 6f the
specific;reaction: L-serine = pyrgvate + ammoniafj and
the measurement, of - the pyruvate produced. To verify that
the assay used gave ;ccurate measurements of the amount
of enzyme activ%ty, studies were made on the amount oﬁ
o-ketoacid produced as a function éf (a) time, (b) enzyme

concentration, and (c¢) substrate concentration, as well

as (d) the reproducibility of the assay. .

LY

(a) Amount of Pyruvate:Produced as a Function of Time
Generally, for an enzyme assay, the amount of

e

‘substrafe converted'shoﬁld be proportional to the
.. time allowed for the reaction, at least for short time

periods. The fime chosen for an assay must allow enough

time té’permit a meaéureable amount of product to be

formed. 'However, it must not be so long as o reduce

. the’subét:atg;concentration to less than'saturating

level for the enzyme. ¥Further, the enzyme must be

‘ . ‘ .
stable during the time period chosen, (Dixon aadaﬂepb)
1964). L

[} >

4
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- -

To test whether the L-serine’deaﬁinase‘reaction
Y. 3 .

~was indeed proportional to the time allowed, and to

J

select a'time period for further assays, replicate

- assafs were incubated for 0, 5, 10, 15, 20, 22, 24,
26, 28, 30, 35, 40, 45 and 50 minutes, and the amount

of pyruyvate formed (as wn pyruvate) waé determined

> at each/Ei;e. It can be ‘seen k?igure (IV) that the

- reaction rate was linear with the time over the peried

"

~\\\§\ : of 20-35 minutes.” The initial rate was slow, prabably

. \\\\ " due to the time requireg for:toluene tqymake ghe cell
St T wall permeable to’ the sebstrate; before the reaction

could begin. At 35 minutes:the time chosen for the

3 : ' L—serine,ﬁeaminase reaction, the rate was still

a-

1inear. The selection of a time within the lihear.

“” B

: . , B portlon of the curve, albeit at the upper limit,
é&cluded the possibility that the end-product might

accumulate and inhibit the enzyme, as well as the
. . "? ., o
o possxbllity of enzyme 1napt1vation. :

. ’

r

(b) Amount of Pyruvate Produced as a Functxon of Enzyme
: , Concentration. ;
| : ’ ' . - 4
|

The rate of an enzymatic reaction is’ generally -

) ) , .
found to increase with inoreasing enzyme cbnceﬁtration,

W"!‘é‘?"v
1964) - To test if this were true for L—serine

provided other conditions are optimal (Qﬂxon

o f
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.Figure IV  Amount of Pyruvate Formed as a Function

: ‘ of time. ‘ . :
) ) o ‘ . \ ' ' s.
o ]\ : - > . P
r ) : . ‘ . . L
. ) & , %
‘ ! . Cells of E. coli Kj,P” were grown. L : -
' overnight in ~Nplg supplemented with R
glucose added to a final! concentration SRR
& © of 0.2%. Cells were assayed for L-SD 2 .
S e activity as described in Methods. T
: . Replicate assays were incubated for .
o, 5, 10, 15, 20, 22, 24, 26, 28, 30, /'

' 35, 403 45 and 50 minutes, and the . )
amount of pyruvate formed (as u moles ' )
pyruvate) was determined at each time.

N All assays were performed at a ‘
- L-serine concentration of 19.04 ' . L
o ‘ . u moles/ml. _ . ‘
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deaminase, various qgncentuitions of enzyme T,

. (as’ whole cells) were incubated with toluene and 'i& . o i

R pten LT ' .

L-serine for 35 minutes, as described above. }} y
' ¥

o ‘ Figure (V) shows that the relgtionship between&px

enzyme act1v1ty (as um pyruva e) and engzyme . ' \

concentration tested, was approximately linear. - L

) P

’ - (e¢) Amount of Pyruvate Produced as a Functlon of Substrate
' Concentratlon, ) ) ;

.

A further generalization for enzyme assays is
the rate of the enzyme reaction should be proportional\ ' X

- to the concentration Of substrate, at least until a

saturatlon level lS reached. To test if this were ;

v R

true for the L-serine deaminase reaction, replicate * 3

-y
3
4
)

. . assays were incubated containing'o, 4, 9, 14, 19, 38, %g
L ' 57, 76, 90, 4114,7143',' 152, 171 and 190 um serine/ml., ‘ %
} . . and the amount of pyruvate (in um) formed in each ‘ 2
S 1 : ’ after '35 minutes was determiﬁed. It can be seen in v'?%
%ﬁ ‘ F%éure‘(ﬂﬁal‘thlt the relationship between enzyme :

iy
=
.
4

activity (as um pyruvate produced) and supétratq

B U concentration tested (as wm L-éerine/mi.)}Was

. | ' . 'abg}:'oximately linear, until ay concentratio‘rg of 76 um

', ; | ”_"serine/ml. The. concentration used (9.52 and 19.04
um serine/ml) were lower than saturation, as stated
*in the description of" the assay.‘ fhe lower . concentration

used here (9 52 ‘um ser;lne/ml)» is the same concentratio:x

uéed by Bﬁrdee’ﬂ;g.ﬁ%amw) - -'f« (' o

At
sy . RN
.- oy
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.. . -Figire V

>

gv
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i

Amount of Pyruvate Formed as a Function

of Enzyme Concentration.

' I

Cells of E. coli Kjp2P™ were grown over-
night in “Nplg supplemented with glucose
added to a final concentration of 0.2%.
Cells were assayed for L-SD activity as
described in 'Methods'. Replicate

assays dontaining various concentrations
of enz (measured as ml:of whole cell.
suspension) were incubated with toluene .
and L-serire for 35 minutes. L-SD
“activity was measured as u moles pyruvate
produced. Al]l assays were performed at .,
at L-serine concentration:of 9.52 u moles ’
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(d) Reprpducibility of Assay °

Included in this\work is a .cbnipiri'son‘ of the
activity of L-serine d aminase in cells groﬁn under
different conditions. The assay has been shown to be a -

/‘ valid one. However, it was necessary also. to determine
the variation between assays. on cells grown under the ' 1
.same conditions. . . '

Enzyme aetivity is exp{eSSe& in a ratio of u moles
pyruvate/mg. //ﬁrot‘ein.. However, thére appearsto be no
explicit exp/ression, for the variance of a ratio, although
confidence intervals caw be d:termned (Goldstein 1964),
and on the bas;s of these confidence' intervals an 4
approximate estimation of the standard error of each mean
can be made. This-was how the data presented here were"

analyzed. The ‘median(standard error was taken since it

seemed to be the most representative. Multiplying ‘the *

et

medsan standard exrxor by \NZ gives an estimate of the ' :
standard error of the difference between two means. This
gives a cr:.tical value for the Alfference between two

means of 0 427 u moles pyruvate/mg. protein, at the 95% .

level of confldence. o, . L
q l':‘;

In other words, RRY treatment value which differs Co

p =t “ > . -
R R Ty NS

by less than 0.427 ‘u moles pyruvate/mg. protein from its

_ control aannot be considered signifz.cantly different.

This valpe was calculated using data from assays on: -

cells grorvm in -Nplg and erefore only applies to thek, 4f'ff ‘

¢

variation preaent fo:: that medimn.‘ It has been Mm& e
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L Figure VI  Amount of Pyruvate .Formed as a ’ , ' :

: _ " Function of Substrate Concentration e :

‘ - < . - . , I ' “ ‘ ] ‘
' ) . . oL .
s N .

. . Cells of E. coli K,,P~ were grown o S

~ . overnight in -Nplg supplemented with -
o ) ' glucose added to a final eoncentration o e

. : . of 0.2%. Cells were assayed for L-SD ‘ 4
' ) ' activity as described in 'Methods' . &

. Replicate assays were incubated - ‘
C containing 0, 4, 9, 14, 19, 38, 57,76, ) T
i 90, 114,-143, 152, 171 and 190 u moles ’ A
) o serine/ml. Enzyme activity was . N
| , : : measured as u moles pyruvate formed © R
s . .ot in each assay after 35 ininutes. -
; . : R ' :
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;”‘~ - A note may be édded at this point on the term ' ) .
‘ 'L-se:lne deamihase' being used throughoutaﬁhis thesis. *

. . The activity that is being studied is the converq}on of

L-serine to pyruvate. The mechanism by which this reaction

'

occurs~if not of immediate concern. However, othex

i

\‘

|

[

i

L‘ ' possibilities besides deamination could include transamina-
E tion or dehydratio?. Whereas deamination involves the

T conversion of the amino group of.an animo.acid to free o
i ammoﬂia, the process of transamination is the transfer of '

| the ami?o gréup of one amino acid, via an acceptor molecplé, -

s PN ‘to another carbon/skeleton to form a new amino acid. The .
, , : l | .
L dehydration reaction also results in free ammonia, but { _ _ y

E{' _ proceeds BY an initial loss. of the elements of water, .-
. X although water is lﬁter added ba;;adnring the losé of'

S ammonia from an unstable imino intermediate. Dehydration

o8 o is very similar to deamination in that'free ammonia results

| from both, and the two termsfare often umed inter-’ |

\. changeably. Both"dehydrase and transamlnase enzymes

require pyr1doxa1 phggphate as cofactor; transaminases/

also require an acceptqr molecule. None of the papers.
reviewed discués the different mechanisms which might %e

respon91ble for L—serine deamlnase activity. Thhs, all’

i | publlshed reports have actually studied the production of

‘nechanism.‘ Thus, the same conven on is used qere.' It




yh?n‘ﬂm Am.fwr.m“‘unmum, nu €Uy a,:,u. e ;“ A PTRE A B ¢ mﬂ. nfm .d_\u_»-, Wm..‘:xnﬁ..i..:.«.x..:. ,.ﬂmxum,ﬂ.c“-,vﬂrwwn.. " R
PN - L. RS .. . LS. peric) >
, < . . ARSE A
- A - T N . N . x ‘w:.mun.;rmwn-n
> ' .
.ot . .
¢ R ' .
“ . . Ta
~ . - fd . ~
P < . -
e ‘ $ Z [} - * -
: i R SNt
. .
. f . N
Q¢ . . . * R
. e’
R - . . . A \ N
. - . . . X ot .
' .- - - . .. -~ -
- o~ ] .
. M . *
o - |
. : U - - <
- [
. - . ~ .

[4

which might wery well contain

o

(',/

)
=
0
=]
0
o
-]
<
o
0
i a . . — A
..4 . - .. g e . a .
; - £ ..
' 33 : - ) . . .
- o ) { .
, ] c. £ . N
P ) .
. ‘ e ..naw - . ) - s - S, 81
. ~ -1 . . NETERC I
. ‘m e
S L g - oo )
. [} I . - \
; . M : T )
. - @ ) S N
. N . - b N o o ) - .
~ (S . . .o~

however

turating, amounts of any @ofactor or acceptor mo

on toluenized whole cells

It should,
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"Although an enzyme converting L-serine to pyruvate
. has often been mentloned in the llterature, it has not
‘ been studied in’ det&ll, S0, lz.ttle J.S known about its
. characteristics or metebolic’role. It was decti:ded ‘ -
t.herefore", to charadterize the :enzyn\te in terms ofli':‘he
zfolloﬁing prepértie:e: 'su‘bstrate specificity, cofactor o

requirement, enzyme inhibitors, and enzyme. stability. : e

-

The results of these studlesy form Part I of this

o : T ' prepmtatlon.» T !

. S ¢
toe a . <
! o Once the enzyme was character:.zed, various . ; .

L., N . A . R TN

o oo attemptg were made, within the llmitatlons of an un-

.

e

}' . - purlfled pfeparatlon, to define lts metabolic role. g
) ' ‘

This is presented -in Part II bHf the ‘'Results' section.

- - 3 . .
- v . .
]

& . . - .

. ENZYME ‘CHARACTERISTICS - y : - "
\. ' . L ' s c \ ' v '.7> _' - i )
o . 1. Specificity . o P ‘ -
E/- . _:q: . N . . ,_,./<- ' s Bl ' , . .
, & . .+ The results of this study indicate that-L-serine o
5 : Bt S P

.o deam:.?gase shows cdnégderabld Substrate ‘specificityn - R
—\— . ; Assayq were performed to test the ability of cells ;‘ RS ‘ ';:”-"

possessing L-serine deaminas% (;msn) adtivity to act on; a3 S é
neveral molebules. “atméttmll Y or metabolically Mt.e | ‘




-

——

&

. 2. Cofactor Requirement - ' : =

have pyridoxal phosphate as cofactor (Goldstein et al ' o

N
L

i
*

B D Ts . T e T

v’ ’ ) ‘ 30-

gimilar to L-serine, Those tried were L-threonine, . P

D-serine, L-isoleucine, L-leucine, glycine and ' L.l

b ‘ ¢ :

L-cysteine. All cells wereAgrowh ih the same medium

(-Nplg) -and all substrates . tested were added at the ‘
same concentratlon oormally used for assay against ) ?
L-serine (i.e. 2.5{ggﬁ/ml.). As can be seen in Table I, ;
shough activity~again;t L-serine was high (2.05 um B :
pyxuvate/mg protein),wthere was little or no activity o (: ‘ :

against any of the other substrates tried.

»

Although the L-SD of an§;21 origin' is known to SR ;

2

1962, Sayre and Greenberg 1956), the cofactor ’
requirement of the E. coli L-SD is still unclear. Since " .

°

a toluenized cell assay, rather than an extract, was

P FOUN

iy, P v 4

béing uged .in this study, pyridoxal phosphaté mightt

already have been présent in saturating concentrations

and tﬁErefore its importance might ﬁot be apﬁarentkr "". (f
However>\%n such a toluene based system, it is alsb | .: B : ;
possible that some pyridoxal phosphate could leak from
the cells. Therefore to see whether the addittpn of
Pledoxal phosphate (PP) had any effect, toluenized ce}ls

were incubated with PP (38 ug/ml.) and,the amount of
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o Tablé I SUBSTRATE SPECIFICITY OF L-SD

]
. . o, . . 4
¢ ' - . . i .
. . .| Substrate : L-SD Activity*(as um pyr/mg. prot.) ;
R i ) y ‘ ‘J -oe [ « ;
. L-serine ' . 2,05
B D- serine . . 0.02 ‘ ‘ 1
, L-threonine - ° ~ 0.03 o
L-isoleucine 5 0.04 '
L-leucine , _ - 0.10 ' . o .
: gl}c?ne © 0 - ’ ° ]
- . L-cysteine : 0o - ’ .
- L . ' ’ ™ v
' * Assays were performed at D and L-serine '
concentration of 9.52 um/ml; IL-threonine _
| L . concentration of 8.40 um/ml;, L-isoleucine b
- . o and L-leucine concentration of 7.63 um/ml; . - «
i : - -glycine concentration of 13.30 um/ml; . S .
e - and L-cysteine concentration of 4.17 um/ml. . : -, T
’ » b - 4 N b

. - v
; .

ce ‘}"&‘.
o L e oI
" .,‘,'ﬂ L

it b7
Aas-v. g ¥

A
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' no evidence for a fole~&mrxPP in this enzyme.: waéaﬁr,

. \ | - 32.
pyruvate formed was determed. As can be seen in Table II,
{in ekperiment No. 1 for ‘example) the aﬁpunt of pyruxgate
gormed in the presencelof PP (e.g:£1.13 um pyr./mg. prot.}
did not differ from the amount formed in its absence
(1.18 um pyr./mg. prot.). ﬁhug exggenqﬁs PP had no ' -|
effect on L-SD activity. ‘

It was also considered that the intréceilular
copcent;ation of ppmight be limitiﬁg in the assay, e§en
if exogenous PP wés without effect. For example, the
permeability barrrier of the cell might be sufficiently
changed by toluene to aIIbwtsome PP to leak out of the
cell but it might still be 1mp6531ble for PP to enter.

The only way of testlné this, would be to try to affect

‘the size of the internal poo;éduring growth. For this
' . ¥ - % .

rea8on, cells were grown in the presence of pyridoxine

~and assayed for activity against L-~serine alone or with

pyridoxine, as pyridoxal phoéphaté (nf)) added toﬁthe I

assay mixture. ‘ T

In comparison with activity in cells grown without
the ;ddition of pyiidoxiné (qbove,meﬂtioned'experiment)

the results seen in Table II show-that pyridoiihe héa\

‘1o sighificant stimulatory @ffect. There is thégeforé[,'

PP might be tightly boynd to the enzyme at all times, so -

& role for PP cannot he complete;y excluded. k
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COFACTOR REQUIRE?(ENT OF L-SD’ ACYIVITY

o9

L3

o b L—-SD ACTIVITY (as um pyr/mg. prot)
Experiment Growth ' ‘ .
No. Medium ‘' No addi-  pyridoxal + pyridoxine
" tions phosphate

.

-Nplg 1.18.

-Nplg \7 1.65

-Nplg ° 1.21
f ]
-Nplg
pyrido
xine

LY

'* Assays Were performed with an L-serine concentration
of 9.52 um/ml. y ’ )

¥ _# ' 3 }
3 "u QRIS
Sk iu» ge mle;’
Y ":x‘»?




E _—_

.3 Effect of PH . C

» - E. coli used-in this study was routinely érown in.
' v

phosphate-based medium buffered at PH 6.4. ;This was
also the pH of the assay. ’ ) o

-~ . : |

The pH of whole cells does not depend on that of

‘the extérnal medium (within a considerable variation in n

- eiterngl pH). However, once the membrane of the cells
are disrupted by toluene,. the cells probably cannot
maintain their constant pH; and in this respect a
toluenized preparation can be considered more like an
extract thanue whole cell. It was therefore important -

o determine whether the pH of the assay affected the

enzyme activity.

L3

.For this purpose, cells were assayed at a range

of pH from 5.8 to 8.0. As shown in Table IIIX enzyme

activity did in fact increagf with 1ncre591ng pH. These
d

results are susceptible to fferent inte retatlons. .

1
-~

They may indicate that L-SD activity is increa81ngly .

actlve as the pH of‘}hcubatlon increases. However, they . :' 15{ ’
are also cons;stent w;th'the idea that at the hzgher \
pH's other deaminases become active. It is clear that

\

‘at pH 6.4.L-SD activity is quite specific and that o

deanunases ‘do not function (Section 1 of ‘Resuits').




)y
:
ry

A,

o

Table III.

EFFECT OF pH ON ABILITY TO DEAMINATE

. - L=SERINE AND L~THREONINE ) '
N . . 2
Activity against Activity against
PH . Leserine . * L=threonine )
(sor pyr/mg.- prot) (um pyr/mg. prot)
5.8 0.23 . 0 " .
6.4 1.70 . o 0.05
7.0 ‘ 2.16 . 0-43 ’ b
7.5 2.717 | - 0.76
8.0 3,69 1.26 - .
. , . 5 ' '
* Assays were performed at L-serine concentration of )
19.04 um/ml. S
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_One of thé enzymes which could very possible be,
cent;ibuting to activity nmeasured against L-serine would
- ' ‘be L-threonine deaminase (Section B (7)). “This enzyme
’ converts L-threonlne to-&ketobutyrate but is known to be
able to also déaminate L-serine (Davis et al 1961, u )
R . Unmbarger and Brown 1957, Nishimura et al 1961, Alfoldi

L 4

‘ and Rasko 1968). . ‘
To demonstrate the ’e{:tent of L-threonine deaminase -
(t-TD) participation in this system, activity against

’

L-threonine as substrate was measured. Figuna-VIIshows

that at pH 6.4 or lower, L-TD was not*’;;tlve, i.e. little
(0.05:um pyr. /mg. prot.) or no act1v1ty against

L-threonine was detectable. Actlvity against L-serine

was high . (1.70 um pyr./mg. ‘prot.). This is consistent ‘
with the results of Section 1 in whlch it was seen that .
at pH 6.4 activity ag’alnst L—threonxne or other arr&i.no

acids besides L-serine was not ob8erved. However,% above

pH 6.4, e.g. at pH 7.5, activity against L-thremuttele

can be measured (.76 um fyr./mg. pre_;.).' Activi“ty ' .
Lo ' ' against L-serine at pH.7. :Le_ also increaeed (2.'7?7‘um pyr./
mg. prot.). With increasing pH, therefore, "acti-vities: .

against both :Lm::inevana L—threox;ine .irtcteased, but the

activitit.against«ﬁ-sexine was alwaﬁ:e muclwgreatcnwﬁe Loy

”

It therefore appeared that there was an epzyme



& , ] o y
Figure VII The Effect of pH on L-Serine and ‘ : -

L-threonine De ating Activity.
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.. Cells of E. coli K, P~ were grown - \
oo g overnight in -Nplg gupplemented . ,
o : with glucose added to a final
. ) concentration of. 0.2%. Cells were :
RERPE ' : - -~ assayed for enzyme activity as
. o described in 'Methods'. Replicate
) . assays were performéd at pH 5.8,
: ' 6.4, 7.0, 7.5, and 8.0 with : .
. ‘ L-serine and L-threonine as T
) s« gubstrate. Assays were performed &
‘ , at a L-serine concentration of
’ : : ‘ 19.04 u moles/ml and L-threonine
: concentration of 16.80 u moles/ml. .
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.

active at higher pH'swhich was not active at pH 6.4

although a pH dependent conformational change is not

entirely ruled out. This would be a L-threonine ’ ﬂ

deaxriir;ase, active against L;threonine and aiso active |

agalnst L-ser:.ne. \A ‘ . .
At pH .6.4 considerable’ amounts of acti\rlty could :

still be measured against L-serine as substrate. Since

activi;y ag&ipst L-threonine was absent, this activity ,

was presumeably due to the actign of L-serine deaminase

('L-SD)}E itself. In order to measure a maximum amount 6f

4 » '

serine; deamination specific to L-serine without includjing
3 . .
N A

the Vaci;ivj.ties of other enzymes, pH 6.4 was adopted as
the pH ”og the assay used in this work. -
[ .l - .

4 Enzyme Inhibition . N

. B Yy
.Various .compounds have been reported to inhibit ) -

the activity of7 L-serine deaminase. T;lese include

D-serine (Pardée and Prestidge 1955, Alfoldi et al 1968 -«

Griffiths and deMoss ,(1969,. Rasko et al 1969, Szentirmae -

et al 1963,‘ v/vood and Gunsdlus 1949)# L-glycine (Pardee

and Préstidge* 1955), 'L—cysteina:, (Alfoldi et al 1968, Rasko
et al 1969, Selin and. Greenberg 1959), D-threonine (Wood

»

and Gunsalus 1949) . . . E o

. To determine the characteristics of L-serine
deamixiase (L-8D). in the:system‘uséd'heﬁe ¢ ~and 'té' ﬁoxﬁpa'ré. SO

it with pregarations of other investigators#’the eﬁfec:ts ‘

.*‘ »‘*x'@

"-:L*-.i.BoJ.eucine on. qume gativitx,m&":



\“

Cells were grown in -Nplg (except for the effect

of L-glyeine which was tested in celis grown in -ﬁpg)

and incubated with L-serine. Compounds were tested for
J.th.bJ.tory capacity by adding them to the 1ncubat10n

mixture w:.th L-gerine and at the same concentration as
L-serine (2.5 mg./ml.). The results of such an .
expern.ment are presented in 'I‘able IV. It ¢ be seen |
that - glyc1ne, L—1soleucine, and D-serine were inhibitory
(L—glyc1ne J.nhlbited 37%; D-serlne 48%), D-serlne being
sllghtly more effective, (L-lsoleucz.ne had a smaller
inhibitory effect (about 10%, 20%). 'L—th;e‘onine and:

L-cysteine had no observeable effect.

]

'5 Lability of L-éerine Deaminase 'in v:.tro'

- L-serine deam:mase has been reported to be

unstable ' in g_ii;_q_ ' “(Pardee and Prestidge 1955, Alfoldi

et g_l_; 1968). 1Indeed, tlu:ee investigators have reported
activity in crude extracts (Alfoldi ‘et al 1968, Artman

and Markenson 1956 and Wood and’Gunsalus 1959), but all :
with conside,rable loss of activity.' In order to mee if
L~-SD was equa;'.l'y labile in‘ the strain used here,
activity was coilpared in toluene treated whole cells .

and a ‘sonicated extract of the untreated ce115.~

: Cells were grown 1n *Nplg to mid-log phase ¢ L :

chilled, centrifuged, and- washed once with cold MM-N, o A.’_'“ v
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Tﬁble,iV

EFFECT OF AMINO ACIDS ON L-SD ACTIVITY

1 - ' T
. Amino Acid Added to.Assay \
Mixture (in addition to . : " $ Inhibition
: L~-serine) .o a
' D-serine - ' 48
-glycine - 37|
A R 4 * ’ - - ¢ \ -
} + L-cysteine ‘ | o 0 \ X
j - . ) \ :
{ * | L-threonine A . © 0 |
r ) % «9 \l\
o -L~igoleucine** . . 10 |
‘ - 20 |
. } ) . ® :
t ¢ &
. -
. 5 T - \ i . 5
i .. **% 2 determinations were made. for effect of"L-isoléucine '
: - ; ! L - -
- * ‘Assa were performed at L-serine concentra zion of -
9.5 um/ml. D-gerine concentration -of 9.52

ml;
-glyrvine concentration of 13.3um/ml; L-cy teine
. concentration of 4 17, um/ml;

L-threonine co centration

sy

1A A

e
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- One portion of the cells was resuspended as usual and .

assayed in the presence of toluene. Another portion was

* s
resuspended in potassium phosphate (pH 7.0) and exposed .
to the action of a sonic diéintegrétbr; The supernatant

after .centrifugation to remove debris, was assaged for , ¢

o ', T 0
-

L-SD activity. : ' T

r As shownh in Table V, activity med;ured in the .
toluene-based assay was l 70 um pyr./mg. prot., while the v
aet1v1ty measu;ed in the sonicated’ cells indlcated only
0.31 um pyr./mg. pro}., Thus,‘extfaction treatment had oo
resulted in a loss of 82% of L—SDfEctivity. Purific;tion
of. the enzyme would ‘have been_of obvious use in °
determlning its characterlstacs. However,,ln view of .

its lability, and in v1ew of the,ame&it of infofmation

that could be obtained from toluenized cells, the : -

-

attempt to purlﬁy the enzyme was not continued. . ."‘ %

"PART II ROLE(S) OF L—SBRINE-DEAMINA§E<~; = e

<

The few studies previously done on L—serine deaminase o
. ' o
~have not cong;rned themse/yeg with the metabolic role of -

k]

'the enzyme. Several: possible roles have heen suggested

s in the Introdietion of this Thesis.a A series of' experimqnts

o ,:r,<

pRYE]
“h o r\t el

5.
': '4’”4:
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LABILITY OF L-SD 'IN 3

“

L-SD ACtivity,
(um pyr/mg. ProE?

Toluene -

< -

Sonication

. ) Q

*

* Assays weTe perfbrmed at L-serine conc tration

*k Assays wé@e performed on ceiké/;;SWn in -Nplg. ‘




: . Co b
A L—Serme Deéaminase Activity in Cells Grown in ‘ :
uNon-supplemented Medium .

'If L-serine deaminase has a role in the basic
metabolism of‘the cell, one would ekpect it to be present
| ~ | in'ceils grown in noﬁ-supplemented minimal medium.as are J
| s . .- the various biosynthetic and glycolytic enzymes (Iehnlnger
3% 1970) If it does not have such a role, one would expect
B ’ it to be absent under Egsse condltlons,_as is oy - i ,\
I ' B-galact031dase. ) , T '

} \ - To determine the basal level of L~SD, cells were
i o ~grown in MM+N.wit Jlucose as carbon and ener eou‘rcel
i ‘ (as described in 'Materials'). The overnighf{ cells had

.M\ ‘(‘ . v r ’ ) w
reached stationary phase of growth and were then 'sub- :

K ‘ ' - cultured,into fresh medium of the same kind an harvested‘
lv' - | . in early log phase2 (absorbance of 63 on Klett-calo imeeer).

l” . - ‘The cells Were then.assayed for L-SD activity. In th

way the basal level has been measured at an average of t

CN
0.65 um pyr. ,99 prot. (range aof 0.36to 0. 95 um pyr / S

T ———

«

‘wg, prot.) (Table VI). Th;s is/?bout 3 the 1eve1 later
‘ , i : meaeure in indncing conditions (Section. a‘(3)), and as
P”' .’ "will be descrlbed below, this 1evel was higher than =~ - L

i; ,e , . expected. These results gave some indlcation that L—§D ‘

. was inbfact‘involved in the cells basic metabolism,. : R
’ ' , : SRR

- ,1 L-proline, .the cells nutritional re&ui;ement, was -

ar ST included in, all media unless otherwise stated. . -
k\wé It:was ¢ sidered desirauie to uae 1oq phase-qégls “i
* » . : since subBequent -experiments 1ndioate An efteat,bf
. :’ c og growth on enzgms level. R t*" .

e 3;’*3?§~1£§§&§%&%§££{;m\m 45
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-

- B L-Serlne Deaminase Activxty as a Function of‘Altered o ‘

Growth Conditions. g : . 1
It is clear from the preceeding results that L-SD o 1

did exist 1n apparently 31gn1f1qpnt levels even in the - , i

nenindueed,cells. However, its metabollq role, was by no’ ‘ i

;meaes evident. Thus, to gain insight into its metabolic ‘

‘role, the following areas were investigated: the effects

of inorganic ﬁitrbgen.levels and cell growth phase on

enzyme. level; enzyme.inéucibilitf} effect of growth on

different carbon sources, i.e. possible glucose effect; .

and enzyme stability 'in vivo'.
) T e . A :

B(1l) Effect of Inorganic.Nitrogen

It has been mentioned in the Introduction of this
Thesis that a possible role of L-serine deaminase could

be to provide the cell with an inorgenic nitrogen (N)

m of NHB, at ‘least when other gources

‘'were abBer -.equate. If this were true, one would .
" own in the absence of 1norgaeic N . _ ..
would,have,hig ghzyme levels than cells grown in K ',' ,

its presence. . o ‘“ = L | o e

)‘ ' . e
t . To test this hgpothe31s, expeJiments were conducted o ~Lgh

‘in which cells were g:ewneovernight in.med;pmuguyrn and

MM—N;’&nd also\supplemented»with L—élycine,and L41euehne.

Theﬁresults of suqh ay experiment can be seen in’ Table VII;

$

A Cells grown in ‘MM-N generally had greater amounts

; of L—SD than cells grown in MM&N. The differences varied



TABLE VII  EFFECT

PSS

x -

OF GROWTH IN MMiN ON L=SD ACTIVITY

36.

Concéntration L-SD ACTIVITY
f L-serine In cells Grown Average|lIn cells GrowniAverage
/ml) ' in +Nplg. of -Nplg . of
+Nplg- ‘ -Nplg
values ;. values-
Y9.52 0.30, 0.36, 0.78 0.84, 0.91, 1.34
0.56, 0.57, 0.92, 0.99,
0.59, 0.59,
,| 0.60, 0.71,
: 0 . 78 r O - 88 r 7
0 - 88" 0 - 88 [ .
. 8
1,38, 1.60,
o 1.89 °
-t //. ]
g/
’ i a
" 19.04 1.96 -2:.01 1.98 | 2.30, 2.25, 2.55

e




“

.the range tested;guﬁokeVen, dt. mlght~be thatqno ancenﬁra— :
tico in. thea&mmxmt% was in fact q‘limit&nué;oﬂ‘trmithere—

fbreedecided:toedeterﬂinerthe actual concentration of ammonium

from O to 6 times (average about twice) depending on .

other condltlons such as absorbance or stage of growth
(see section B (2)). These results indicated that the
Y

presence of inorganic N in the medium did in fact
, N

" decrease the level of L~SD.

To examine this further, cells were grown in the -
presence of various concentrations of inorganic N (as

ammonium sulfate).added to the medium. ' dvernight ’ ‘
cultures were ngWn in the usual MM+N medium and then
subcultures were made into 5 separate flasks containing

500, 1000, 2, 000 4,000 and 83000 ug ammonlum sulfate/

ml. respectlvely.“ The concentratlons chosen represented
levels of 1norgan1cuN above and below the normal level o
of 2000 ug/ml ammonium,sulfate found in the MM+N usually

uged. It was found that for this range of concentrations

A

'tested, the amount of inorgenic N made no difference in

_the enzyme levél for example, 0.3l um pyr. /mg. prot. at

500 ug. /ml. ammonium sulfate and 0. 30 pyr./mg. prot. at - o
8,000 ug./ml. ammonlum‘sulfate (Table VIII)r , C e ,-f@
e The above erperiment wes deeigned/to determine ‘
‘the effect of liﬁiting and ercess amounts of inorganic

N on the L-SD level, ‘?owever, no effect was seen over

[y




-\ . ’ . , . . - '
, . - , a8..
s ’ Table VIII EFFECT OF GROWTH IN VARIOUS CONCENTRATIONS .
. ' ) . OF AMMONIUM SULFATE ON L-SD ACTIVITY .
. “J’ . N . . .
.// . - . ’ - ,—\ — \‘
/ Concentration of Ammonium L-SD Activity .
‘ Sulfate (ug/ml) (um pyr/mg. prot) ) '
k ‘ ’ -~ ’ t . ‘ N f « 0~ v )
C . 500 ° ' . - 0.31 % U
| - ) 1,000 0.31 - g
| ’ 2,000 . ©0.36 . . S
‘ ' " 4,000 - . : 0.2 - o
- 8,900 ~ . . 0.30
* Assays were performed at L-serine coricentration b
. of 19.04 um/m.¢ . - S - .
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4 ?

N o

suli‘:‘aiﬁe that is growth 11m1t1ng » and to use this

t s

‘concentration to determlne the effect of N 11mitat10n '
on enzyme level. ) ’ r
In order to do this, cells were grown overnight
" in 300 ug./ml. ammonium sulfate, then .subc'ultured‘into
13. sidearm flasks containing MM-N; with the addition
'of 0 to 300 ug/ml. ammonium sulfate, and ene—othepy- flask
containing +Np. The flasks were inéul:atéd at 37°, WJ.th
‘'shaking, and the growth of the cells was followed‘by .
- measuring the absorbance (in a Klett-Summerson colorlmeter)
every 30 minutes for 7 hours. Growth in 300 tg/ml was
Just as rapid and as extenauve, as growth in +Np.
However, levels of ammonium sulfate lower than 250 ug)ml
'weré in fact limihtiAnghin ‘both resﬁecté. It can also
- be. noted that even in the flask Qhe(re no ammonium sulfate

was added, the bacteria were able to grow to a final

absorbance of 70, which probably 'indicates that the

medium is” still not totally lacking in inorganicrN
(.4 gure s VITL) o '

£ Wlth the mformation as to l:.mitmg ammonium

. sulfate available, the effect of N limtatlon on L-S8D-

" activity could be 1nvestigated. Cells were grown

overnight again in 300 ug/ml ammonium sulfate, and then

| ' : subcultured into 4. flasks containing +N; -N * 60 ug/ml

amom.\gm sulfate, ‘=N +90 ug/ml ammonium sulfate and

-N +120 ug/ml amonium sulfat:e. A Cells were harvested, .




. Figure VIII . Growth of E. coli K;,P~ with Low = -« -

Levels Qf Inorganic Nitrogen ( S -

. .

SO Cells of E. coli K12P" were grown - .
overnight in MM-N containing , C
. © 300 ug/ml ammonium sulfate. , . |
' . Subcultures weré then made into '
. : . 4 sidearm flasks containing MM-~Np . o .
= with the addition of 0, 30, 120, ,
| " and 240 ug/ml ammonium sulfate, ) , : .
| ‘ - and 1 sidearm flask containing'- = . S
‘ . +Np. The flasks wexre incubated . S
T at 37°©, with shaking, and the .
. ' - . growth of the cells was followed . ‘ ..
- ’ , by measuring th¢ absorbance in a ’ ~
e . T Klett Summerson, colourimeter . 4 s /
' & every 30 minutes for 7 hours. : -

: . * ©0=0 Growth in +Np ‘ - ‘ o

A = o . . @—@ Growth in 240 ug/ml ammonium ‘ ' :
‘ c a sulﬁate : A

Q—. Growth :.n 120 ug/ml annnonium o .
. , sulfate : . : e
- | SRR s A=A Growth in 30 ug/ml ammonium S e o

' ) ' sulfate R S .

m—8 Growth in ~Np
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'.'510

and assayed for L-SD ectivity at 120, 180 and 275
minutes after subculthre (Table IX). Although levels .
‘of enzyme were generall&'higher ih the =N cultures,
no increase in enzyme 1evei was seen between 120 and
275gm1nutes, i. e.‘at the time the N supply would be
supposed to be depleted. Thus, in the cuﬂture incubated . , ‘<
';n 120 ug/ml. ammonium sulfate'enzyme levels changed ' ‘
very little and certalnly do not increase (0.72, 0.52,
0.64 um pyr. /mg. prot;) On the other hand, 7 of the
9. values measured rh %N (0. 59 -~ 1,08 um pyr./mg. prot) ' o
are hlgher than thefvglues measured in+ N (0.48, 0.55
um pyr/mg. prc;t) ,
It is thus clear that the decrease in N concentra-

Su,
Hu
L] . ,

tion does result in 1ncreased L-SD act1v1ty.* No difference -

'\
b

can be seen between the enzyme level at late ‘'stages of -

o
Al
%;,“

growth in limiting’N.( This may 81mp1y mean that’ &}l

concentreticns of ammbnium sulfate below 300.ug<2;

result in higher enzyme levels.

¢
L)

" B(2) The Effect of Phase of Growth of Cells on L-SD Activity .

¢

. Another factor which appeared to have an effect

on the level of L-SD in the cell was the phase of growth .
of the cells assayed. Table Xa provides data from:a v c

variety ‘of experlments done on different days for a

',varietyaof purposes. - These results indicate that cells o _: T

7

E2Y

\



Table IX

a

EFFECT OF GROWTH IN LOW CONCENTRATIONé OF
AMMONIUM SULFATE ON L-SD ACTIVITY ©

N ®

*

Concentration of Time of Har— ' Absorbance L-SD Ac-
Ammonium Sulfate  vesting (after at time of §t1v1ty :
S (ug/ml) culture) min. harvesting (um pyr? --
) . mg prot)
4 ‘r 1
60 ' ‘ 120 ‘ 61 0.80
’ “ N .
" | 180 77 1.08
_ . 275 105 0.38
90 120 . 59 0.83
. g .
) .o 180 ' 80 0.81
275 . 120 0.59
| :
| . s ) . ‘
f ' . 120 , 1?3( 5% 0.72
. 180 . 88 ' 0.52°
i * \ ° .
| - ‘ ' ' \ 275 ’ 120 0.64
l ’ » ‘. ' ) J
- 200 f@N) © 120 , 57 0.48
, J . . 180 125 - - .
- : ' Y275 220 0.55
- ﬁr; gt M ;‘%M“. R

N -

o fo ]

¢
i
'

. * Adsays were perﬂm:med a‘l: I.-serine concent::ation .
| of 19.04 um/ml. : R




. Absorbance L-SD Activit} ‘ o
: . (Rlett Units) - (um pyr/mg. prot)

- . \

o - . 0.90 = I
TR - o880 " -
108 s . 1.38 : '
1§§ . S . 0.13 ) -
157 wea" ‘ . 0l3o0 ' Co .
1es T4 0.43 o o

, 190

236 - 0.69 | k R
| 202, R 0.60 o ‘ T
290 | 022 o PR L

* Assays were performed at'L-serine,' oncentration = ° o
: ‘of.9.52 um/ml. C . r . )

PR arast

et}

T

PR e
3

e

T e
et L
Loned




~

X . rd . . - B T
grown until early 109 phase tended to have higher enzyme / i
, B

- ———

levels than cells grown to later log or stationary phases.

For example, cells harvested from+Nplg at an absorbance

-

8 - . of 36,had 0.90 um pyr./mg. prot.-activity while cells

at an absorbance ‘of 153 had an activity level of onlf

-

0.13 um pyr./mg. brot. C o

In order to test the validity of this générglization, -

: * 4

-

the effeci;\of/a}éorbance on L-SD level was tested in one’ =~ ¢

expériment.‘ Cells. vere grown overnight in either +ﬁp or
. _ U#Nplg, and subcultured into several flasks containing

the same medium as the préculture. Cells were harvested

- -

from both media as a function of time after ‘subculture,

A - v @~ - -

o ’ the absorbance measured, and an assay‘for L-SD activity

L3

.. " performed. As- can be seen in Table Xb, in +Np,~
contrary to expectatlons the absorbaﬁbe or stage of
* growth in the range, from 54— 206 se?ed to have ln:tle NS
~ or no effect (absorbance of 54, 0.85 um pyr/mg. p;:qt;
abﬂbrb‘ar;cJe 206, 0.42 um pyr./mg prot). In contrast,
~ . in *Nplg, a more definite effect of phase of growth of
. the cells was seen. In this _case, log pixasé cells,
RS ' absorbance 108, had a level of® enzyme at 1,38 um pye./ " ‘
‘ : S

mg.‘ prét. while latér log. or stationéry phise éells,

-~ absbrbance 190, had an actlvity of onJ,y 0 47 nm. eyr/ . .

. =

° .‘ mg- prot o . ‘ . v ’ , e

- . i .
N .




‘/4///”;;;;; X(b) . EFFECT OF PHASE OF GROWTHVOF CELLS' GROWN
” * IN +Np AND +Nplg ON.L-SD ACTIVITY

{\l N

r R j Y o . ]
Absorbance of ' L-SD.Activity
culture (in , (um pyr/mg. prot)
Klett Units) - S

ad

e

1.38
.47

ok Assays were’ performed at L-serine concentra&on
: . ‘- of 9.52 um/ml e v o
. T N 1Y

*% g\qsigy:s were“performed at L-serlne concentratlon

of 10.04 um/ml. © .- (f\\/
. V.




- ¢

) R Thus, the eﬁﬁect of phase of growth of cefls i O

' ' ‘ - B ) . S S .
- - - . IS S : : ’ Lo
i ) . -, - | i /f : :

.;,\\; assa&ed on L~ éD act1v1ty is- not completely clear. .It . o =
- * v‘
r\ "

appears to have an effect ‘on en2yme level in the presence
. 1
v - : of - 91y01ne and L—leucine, but not Ln cells grown in
. T . *’f"
© e théir absence. This will Fe dlscussed below. . e
- ' of . . ‘ ‘
B(3) Effect of. Growth in -the Presence of Amino Acids e
", .on L-SD Activity g .
2 ! ’ - —— hd . '
3 ) . ) _ o
&~ e .. ..In Section'A it was shown that the cellgalways - N
. ':’ - .’ : . .. ' £ - T
}\§; Q maintains ‘a. basal lewvel of L-SD. However, this does not -

\exclude the p0991b111tyfthat there are soip conditions ‘in \

o ’ Whlch the cell synthesizes more or less of thefenzyme.

.
L. . . v
: . .

. 1ndeed, earller reports (Pardee anﬂ ?restldge 1955 and .

N . -
-
.

. ! Alfold1 etf al 1968) have shown that L-S D\Is‘an lnduolble'

,.
I}
[

-

enzyme i. e.,that gr h in the presence of certaln .

¢ - i

compounds resultsyln a higher level of enzyme. Both T

. , R i -
A

Alfoldl, u81ng E. eoll_ﬁlzf and Pardee using Strain B, .y

. : (,shqweg that growth in rich- medium results in. higher 1evel . ,_"
" Vorf L- D, and, Pardee furfher demonstrated ‘that ‘it was the

o

H

R ‘*t'f ' amino adids Pglyclne and L-leuclne that were responsible: '

¢ LN ~ .

i

© g for the i uctlon. .

~ A “

o

test for an effect of growth in rich medium,, ]

: . cells of E. coli‘KlZP' were-grown to an absorbance of

<

. 115 1n yeast extract 0 1%,tryptone 1s, and glucose 0. 04%,-;‘ R

L harvested and assayed for L~§D activity.] The level

: SR found,fb 83 um pyr /mg. prot., was only about basal level.‘ : ':EUE%Q




MM-N" {Section B(1).

v

Al
v

57.
When cells were grown to an absorbance of 58 in the same
medi

w thout glucose,%the enzyme level was 1.08 um pyr/
mg prot.

It seems therefore, that this strain of E. coli

E
»
.
N -

makes less’ enzyme in this medlum than does that of either
Alfoldi or Pardee. ) ‘

'
Several -amino acids, alone and in combination,

-

P
.

were then tested for their ability to induce L-SD

These. -
included L.-serine, L—isoieucine, L-valine,

glycinq; ‘ \,,//_f/’f:
L-leucine, L-aspartate, L-glutamic, and L-threonine, -
each added at a'conEentration of 50 ug/ml

1 v

except fok

Cells were o
©  grown in the presence of each amino acid until 1og phase

-~glycine, Whlch was added at 75 ug/ml.
(the absorbance of each culture is. indlcated in Table XI)

[ 4

at whlch time’ they were harvested and tested_fof activity
,against Lcserlne in the usual way.

In MM+N medium,

a

—

~g1ycxne and L-leucine 1nduced i
but L*serlne, L-threonine, L—aspartate‘r and L—glutamate
~did not.

]

A combinatlon of L~-serine, L—isoleublne, and
L~va11ne also fa;led to 1nduoe.

In MM*N medium L-serine
alone or in comb;natlon w1th L—1soleuc1ne and L-valine
still fdiled to tnduce.

°* The level of. enzyme measured J.n,

—Np serine (0 60 um pyr/mg. prot ) wag in fact\two tgmes
h;gher\thap the levél in +Np seérine (

Ay el

!
M ‘

"(9.25 um pyr/mg prot)
but this jpears to be due to the effect of grdwth in

-
L iyt T
et vl
N ggtg:g:‘! .

v
o

-

f

L ¥
A deiodang

s
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| . Table XI

| ~ r

INDUCTION OF L-SD

. L TCrowth Toncentration Absorbance L-8D Activity .
¢ . Exp. § Medium of L-serine of culture (um pyr/
. w . in Assay (Klett .mg. prot) i}
) {um/ml}) - units) . - e
. 3 1 Yea}ut-e:&tract- 5 ¢ - . ‘ ‘
N ) * ' tryptonet - ¢ ¢
. glucose 9.52 115 0.83°
; Yeast-extract- . )
) Y ~glucose s 58 1.08
. - . ) .
. 2 +Np serine 9.52 .72 0.25 i
SRS -Np ‘serine . S 1 0.0 |,
v +Np serine ‘ ‘
isoleucine . - . . -
T P 1= valine . ., B86 " 0.35 |
("‘( ' N - ,l * \ é "
T et ’ : . -Np serine
N . , isocleucine R . Yo
7, . » valine . 68 0.59
. " x‘ " . s F\ N «
s b 3 +Np éhreo‘- o ..
nine 19.04 124 0.22 - ‘
- ] : 100-. .  0.32 ) .
' +Np asgartic - . . 220 7 0.10 .
i , o <L ) 87 -, 0.31 - .
n SR, o ~fip aspartic N 61,7 * 0.29 - A T
. L - . "+Np glutamic . ' 1185 0.29 RS .3
: ) : - - 79 0.30 - T
- * @ - R " * . -7 - ' :1
. LN . e X N L = Rl N q e
. " 4 ., -Nplg . ' 9.52 . - 92 1.21 -
. L L 69 1.18 : ,‘
' ‘ - -Nplg’ . R - - - ' . = L
v - - isoleucine . p . -
- . - valine . 122 ¢ 2.0% - £
: > , . 114 ¢, 1.3 « e e
. , " . ) N ' N ® . . :{ ,' ,
- ! ’ . £ . e ! v - . i E
. 5 ~Nplg ~ 9.53 N T . \ . 1.14
. . -Nplg - . _ 30
. o ’ _-Nplg .- . ) 93 .
5 k3 ¢ . @ - . R - , s
. e 6 +*Npleag o 19.04, 92
' 7 3775 1904 82 .
e < '._5' *Rplge92000 . rxg;
i . <
o . 3 - nl 1. R 4 .
A3 . \ v T
. : 6§ - 4Npl g . |, R 1.
A ‘7 - #¥PL 095000 SR 123 - 1.13,
~ \ B T \ S 14 )
“f o0ty . s ’ . ’f‘..; oL S
far .o ‘6 * < .8 N - 5 ;
ISR T N S 65 o e
. ‘ : -t . . 4 -1
R . 6 - *N ’ ' \ AN | K
oy e i e "o T 7 e e\lg,ooog 0 X f ® : o te
-~ N % -3 N s v, s R ~‘ ¢
‘ Y, ) s -
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’ [

) ‘ Although L-isoleucine and L-valine do not seem -

to be inducers at least in the presence of L-serine, .

when added to the growth medium along with -glycine -

and L-leuclne, i.e. -Nplg. 1soleuc1ne valine, they : -

%

.resulted in an increase in the L-SD level

c

(2.05 vs 1,21 and 1.82 vs 1.18 um pyr/mg prot. on 2

occasions) (Table XI). - - . . .o

4 B -~

Y

As Pardee showed, a comblnatlon of glyc1ne and
L—leuc1ne has the gteatest 1ndu01ng ablllty. In'*Nplg
. an average act1v1ty of 0.78 um- pyr/mg. prot. (Table VII)

. was measured, and in —-Nplg; an average activify of

o . € . ks -

1.34 um pyr/mg. prot. (Table VII) in orgder to see‘whether

s

. ..-glycine and L-leucine were both needed, 'a comparlson
| . was made ‘bétween cells grown'ln.—Nplg, -an, and -Npg.
. _The enzyge levels measured were 1.14, 0 93, 0/88 um pyr/
g prot. respectlvely (Table XI). The increase in

act1v1ty seem in the presence of the %- amlno acids did .

S

‘not appear to be 51gn1f1cantly dlfferent fron the act1v1ty _

~

> measured in the presence of elther amlno acmd alone.

v

waever,\certaln strains of‘g. coli K, appear to

.

P . have dlfflculty in transporénng . glycine intevghe

Feden P LS
2T R
N

T

P cell (Newman 1970). . For this reason, the effect of
‘ . L -
’ P\(‘ / ~‘glyc:me ‘and’ L—leuclne at much higher concentrati
BN e .
. « _ . was tested. Cells were groih in MH&N at the usual“

R

- Ie
BO

';g ' concentratlons of ; lycine ana Lrleucine (715 and

.- 50 ug/mi respec%lvely) (+Nplg) in -> 'glyeine. 2000 ug/ml, -

»

L—leucine 50 ug/ml Gfuplg) in -glyclne 2000 ug/hl




&

without‘L-ieucine Q:NpG); in 'giyciae 75 ug/ml.,

/2000 ug/ml (+NpgL); and in L-leucine 2000 ug/ml,
- without ..~-glycine (+NpL), (Table XI). The'cells .were

. assayed w1th§ty1ce the L-serlne concentratlon used in

»
the, preceedlng experlments (in 19.04 um/ml), and - -
therefore, the numbers cbtained are not strictly

L)

comparable.

‘As long as both amlno ac1ds were present, i. e.,

+Nblg, +NpLg,”+NplG, the,enzyme levels assayed was about
the same (1.98, 1.59, 1.19 um pyr/mg. prot) redpectively.

The omission of either am;no acid resulted in greatly . -

decrea81ng activity (0. 87 um pyr/mg.’ prot +NpG and

0.23 um pyr/mg. prot +NpL). Growth.ln L—leuc1ne 2000 g/ml

without I.-glycine resulted in even, lower levels than,growth -4

thout either amino‘aciq (ﬁﬁp‘o;és um pyr/mg. prot).

It\proved to beiimpossibie‘to grow cells -in medfum
1ining both Lhéiycine‘QOOO ug/mil ahd L-ledcihés

2000 fug/ml. B /, s

Slnceﬂdnglyc1ne»and L—leuc1ne together at high

concentratxon appeared to be inhibitory,‘it seemed possible

thaﬁreven at the usual phys ological concentrations,

they ight have an effect n the growth rate. To test
"/ this, cells were’ grown overnight in +Np, chilled,'

centrifuged, washed and subcultured into sidearm flasks

containing +Np‘with a variety of supplements.i Groqth

. N

.z ' 4 :
was followed in the.Klett with a 42 filter.|
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Doubling time- vas calculated from the linear art of an

exboneqtfal.plo of absorbéndeﬁﬁSatime.f-In ; By

-+Np ser, +Npg, an +Np§ ser, the doubling time weé 55
‘minutes (figure 3). In +Npl, +Nplg, +Nplg ser, and
l+ﬁphser the soubiing time was,increased to about 95 °
minutes (Flgure ™. Thus, L-leucine appeared to decrease{;
the growth rate; addltlons 6f L-serine and/or Jglyecine
with the L—ieuczne did not qlter this. However, addition
of L-isoleucine and lh-valine along with ‘L-serine,

- )

L-glycine and L-leucine completely‘reveréed the inhibition

seen in L-serine L-glycine L-leucine.‘
\ Thus,’h~giycine and L-leuc%ne are the best inducers, !
for L-SD; a?d as Pardee showed originally, the,inducﬁidn |
1s best in the presence ‘of both as«opposed to each
sepqrately. L—lsoleuclne and L—vallne, added with -
-3glycfge'and L-leucine, induce,evep further.  This _
effect may be re%éted to the.fact that L-leucine inhibits{

growth and Leisoleucine and L-valine reverse that in~

hibi‘tion. B : : . .
" B(4) Grcwth on leferent Carbon sources - The Glucose e L
Effect . .

In experlments 60n91dered up until this point, the

‘

cells assayed were alsways grown with glucose as the_' - 7\

-

carbon and energy source.’ However, glucose 18 known to .

.u . -, ) . *




‘ " Figure IX _Effect of Various Amino’ Acids .

. .
i

on the gropth of E. coli KjyP~ co

- - <
’ - " .

- .

- .
s . . . .
’ L

) ’ Cells of E. coll K,,PT were grown . S
- : o qvernlght in *Np, and, then sub- S
‘éultured into 9 sidearm flasks T
containing +Np supplemented with 5
L~serine; . -—glycine; L-serinet _ , ,
. . * ~glycine; L-=letcine; L-leucine . . -
B : > - +. glycine; L-serinet.’ .glycinet =~ - ' '
SR o L~leucine; L-serinetL-leucine; - - - s
T ¢ ) © " and L-serinet. -glycinetL-leucine .
- o ' +L-isoleucinetL-valine.  Growth '
L ‘ * was followed by measuring the
. e absorbance in a Klett Summerson ! ’ ,
colourimeter every 30 minutes for
3 hours. The doubling time of the , :
culture was calculated from the . S
T .linear part of the exppnential : .
A , plot of absorbance vs time. A

\_ ' L ' A:Growth medium - ;Doubling time - PR .
‘ (1n mlnutes) L '
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¢ have a repressing effect (catabolite repression)fon
éeve;a;’enzymes‘(Magaeanik 1961)- :Thpse enzymee 5 L,

< ' , represged.by;élucose‘are often catabelic (Magasanik 1961)

i.e. energy producers. If there &ere an ejfect of

glucose on L-SD, this might,indibate a catabolic role

'for the enzyme.

N A — —

$ ' To‘determine whether glucose was having any

" effect on L-SR production, the enzyme level was measured

"\ cells grown on succinate or glycerol as carbon and
e

n§rgy sources. Each was tested in three situations: . )
o= ' . . K

+Np'(noninaucing)‘+Nplg and -Nplg: (both inducing).

" Ccells were grown until log phase (absorbance about 80)
and. assayed in the usual manner. The results of this
experlment are presented in Table XII.ﬁ In both gI&eérol n 

' anq succinate grown cells, the ponlndgced or basa;L D

. level was very iqw at mget'io.07 um pyr}mgﬁ.prot; and

0.11 um pyr/mé. prot. respecﬁively) much iowér than

- . “that of glucose grown ceils (0.65 um pyrQ/mg. pro%).

In the presence of ".-glycine aﬁd L-leucine, in

. . both MM;N mediuﬁ, results forqﬂyeeroi-and succiﬁa@e—
¢ ‘grown cells were very different. A ' ﬂ

I glycerol-grown cells, in MM+N, the ‘presence

of glycmne and L—leueine had 11tt Jor no inducing

&

I effect. The enzyme level was at best 2 times greatexr




| w5y : - / .

- Carbon Source o Growth Medium .
—— +Np _  +Nplg = ~Nplg | - |
Glticose " 0.65, _ .1.98 2.55°
Glycerol (Exp.1) ~ 0.07 - 0.14 . 0.28,
(Exp. 2) 0.8 . 0.02- '0.72.
Succinate (Exp.1). 0:.11 0.99 < 0.39 g
(Exp.2) 0.05- . 0.70 - 0.24 -
* Assays were performed at L-serine concentratlon . .
Lo . A0f-19.04 um/ml. o e .
‘ S v . N ."', . 3 ,_,:"
J ) 4 ] - ) e, . ’ R
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- (0.14- um pyr/mg. prot. vs 0.07 um éyr/mg. prot) than the
basal Levellén the same‘carbon'squrce._ In MM-N in the
pﬁesénce of . ‘glycine and L-leucine however, the amount °

" .0of enzyme measured on, one occasion was 4 tlﬁBS and on

o \‘apotper 20 times the nonlnduced level. It therefore: a . ‘

] _\ seems that in glycerol grown cells, glyclne and - )
> " L—leuC1ne are less effective- as inducers than they were - ' S

ln glucose grown cells, but the 1n£1uence of inorganic N‘ . ]

is still very apparent.l - ] - . - ﬂ

-

In succinate grown cells, in MM+N, gl&éine and ‘
' jL}leucine werejvery‘gooa inducers, causing 9 to 15 fold
s oB.'ﬂcr;easeé: over the basal level measufed i thelsame o
- é;rbon source.- Surprlslngly, however the level in -Npgl
. - was- only 4 to 5 tlmes above basal, and far belmw the
| level in +Nplg. In this casektherefdrey_lt seems that

gly01ne and L-leucine acted well ar inducers but thet

the presence of inorganic N produced the opposite result Co.

“to. what has been seen in alliprev1ous experlments. e o

From the above results, it can be noted that . S
| neither the basal nor 1nauced L-SD levels as- measured 1;

o a glyce - or éucclnate-grown cells was as hlgh as the

-basal _level determined in glucose gnown cells., This .
1ndlcates that there is no glucose represglng effect‘but
" rather that L~-SD may‘be more active duringugon%bkidative
) e , . -

- (glucose) metabolism than during oxidative'(glyderol ' -

or,sticcinate) metabolism., : ‘ : P



"mg.. prot. in cells grown in the presence of

“

.
B(5) - Demonstration df the 'in v1vo' Ingtability of L-SD

oy

In the cultures - S0 far descrlbed two levels of

LASD/have been seen - a basal level of about 0.65 pyxr/

<

mng. prot.‘and an induceé‘ievei of up to 2.5% um pyr./
. 'glycine and

L-leucine. Certain experiments were perférmed in order

to determine the kinetics of tbe change‘from’a'noni;duced
}besal) to an irduced state. ’
in fact givehinformation on the guestion originally asked.

However, they have proved to be of considerable interest

‘These ekperiments,did not .

-for other purposee;

w ’ ‘ For the first of these experiments,4 12

‘_celle

They were

were grown overnlght/;p inducing media (—Nplg)

(o

3

Fhen chllled and washed and 4 subcultures were made intq
1nduC1ng and non1nduc1ng medla +Np, —Np, +Nplg, -Nplg.

A flfth subculture was made 1nto inducing medlum (- Nplg)

' - to which chloramphen1col (20 ug/ml)‘was added in order i

X

v » inhibit any further proteln syntheSLS jMahler-and Cordes

1966 Trant and Munro 1964)

All subcultures were in-

L-SD act1v1ty was determlned

v cubated for °6 hours at 3ZGC

’

sy,
in allquots of each subcubt after 3 and 6 hours,

as well as in the overnlght culture. The results of'

thls experiment are presented in Table XIII and in the

-~

_ -following- dlagram , : . , ’
; , - [GE . o , . .

&




' ~
| _ Pable XIII DEMONSTRATION OF "IN VIVO' INSTABILITY ° '
| Lo " OF L-sb ' . DO . .
i[ ¢ ,’ ) - "1 .(' - ‘.
\ ' .
< Culture Growth Med:.um Absor ance L-SD AthVle ,
. . ] (Klet Unht) (um pyr/mg. Qggt) 1
Overnight ~-Nplg 90 1.91 -
”~ co-
i “ . , . 3 hrs. 6 hrs. 3 “hrs. “ 6. hrs.
. oo after after after  after
‘ _subculture . subcuiture
‘Subculture “4Np 87 257 0.28 0.28
Subculture  +Nplg 82 197 0.78 0.86
Subculture- - . Bp ., 53 " 62 0.86 0.84
7 Subculture ' ..-Nplrg ' 70 106 - 0.92 "1.03
~ . “Subt:ultu're‘ ~Nplg. " .
o -chloramphe- : .o
. : n;.col, 38 -‘38 0.1l1 0.12
ez * Assays were performed-at L—serlne concéntratlon .
of 9.52 um/ml ) - )
' . ~ )
“ , : - !
rl ‘' o _\ * . & ¢
| ' . : T
P . ! ” - K ; /o ‘ -’ ) I8
» - N
b, oot ’




.

Overnlght

(1. Q})

e

condition

3- hours,

}

—
e

¥

s with'

9% 1n MM+N and 12% 1n MM—N.

)

-Nplg subcultyre. v———a

MM+N anQ*O 92 in MM-N.

+Nplg® (6.78)
-Np. | B6Y
-Nplg L (h.92)

«

or nonlndu01ng MMEN .or,MM—N.

in lnduclng medla,bl e.

[ .M

L
- . K]

+Np 7 (0.28).

~Np1g chl ram& .
phenlco iy 0.11)

‘

Y

(0 28)
(0. 86)
(0.34)

r

v

LR

Thus, in 1ndu01ng
fglycine and L-leucine, the level of

act1v1tﬁ in um pyr /mg prot. at 3 hours was 0 78 1n‘

(0.12)

at a characterlstlc high 1evel of 1 91 um pyr. /mg prot.

The level was 1ower 1n ev§4y subculture tested, induc1ng

after 3 hrs after 6 hrSu

“ (1.03)

-In the overnight (ON) culture, enzywe activity’was

r

It sllghtly 1ncreased 1n the next

In nonlnduclng

.

0t86 vs 0 92 1n MM—N, moreover,

f: -
thereaﬁter,(o 28 at 6 houfs). e
14
Ky ‘ L,
' 'Y &0
© Lt
-y . ': P’ ‘ < -l -
. IR . ". LEt e,
N A Lo A - L o
. . " L ." . " "’ (4] :f,\ ‘: ." '. . f "' j /' \ (0‘];‘ )
‘. '?' ! . ) ( A"' ’ 1 ‘ ey ‘ ‘\i :: ; !
o ?‘ Lo \ L. »w .

'fhy 6 hours the enzyme acg}vymy had decreaseq;to '30.3 or

33% o§ the’ act1v1ty in. inducing cond1tlons.~ The sub-

3 hours (0. 28) and aotiv1ty remalned at that 1evel

W

/
yc¢hd1tlons, at 3 hourskthe level .was sllghtly lower than

4

cuiture 1n noninduced MMthreached this low level. with19/

T Activgty 1ncum EYr/mg. prot.

I“.L .
~

2

v

4
s
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o ./ ] J .
The most strlklng result of thug experlment _ oL
however is. the flnal subqulture in chlora henlcol in.

whlch no proteln synthe81s and no growth ould ocour..,- ' “e

¥ ‘

That the subculture dld/not grow is shown by the fact

;’
'that at the tlm; of lnnoculatlontthe absorbanoe was 30,:': n.' :g
‘after three hours,38 and after six hours’stlll 38. i
‘The sllghtv1ncrease seen, can be attrlbuted to changes ‘ R
’in oell’conformatibn.during incubation at £7° from the TR
sonformationkpf'the chilled'cell ﬁﬁed‘at the time of-
innocufytion. In this subculture, L-SD act1v1ty fell

to the lowest fevel of all, 0 11 after 3 hours.‘ ThlS

/
Y

I

\ xremalned the same .(0.12) after 6 hours."}‘ o ‘ . .
0 '§These results are clearly anon31stent wlth a e
i class%cal fnductlon s&stem.‘ If oﬂe postulates that all | L
Yy 1nduced enzyme synthe81sistoPs when the rnducer is .
‘ removed, one: WOuld expect a dilution of enzyme aétIV1ty oL
| at. the rate of 50; per geqeratlon in drow1ng cultures. . °’ )

.

Howeverr)desplte the fact that. o dilution of enzyme by "3{,

‘,synthesls of new.nonlnduced pells was possible, the one. . 7. .

o
o

non—growfng culture% i. e.,the one W1th chloramphenlcol :, o “

4

addeq*\\losgg/actlvity even faster than that. bels ’ L
'clear that L~SD is’ unstable even withln the oell.; If '1 R
L-SD is unstable lnsiae‘the cell,'thexenqyﬂk activmty at " St
any tlme Wlll depend on the rate. of Sﬂnthe818 of’ the _.",,:,:;‘~_

’ & .,.\)4-“;'.
- enzyne, the rate of degradatlon and the presence or' oot e




5o

"

»

absence of any stabilizing factors. .Thus, the inter-

-

pretation’ of these results is much’ less straightforwerd

than was expected when the experiments were begun.

[

Pl

1d chloramphenicol, enz&me was lost to the extent

. tht 92% was inactive .by 3-hours, the remaining 8% stable

thereafter. If .one ass‘nes'that the semelrete of loss
oécurs in'—Nplg without chloramphenieoi - to reaeh a’

level of 0.92 um pyr/mg. prot., enzyme must be synthe31zed
to replace the degraded enzyme i.e. the diﬁ@erent enzyme
levels hlght not represent dlfferent rates of 1oss by 3
dllutlon, .but may represent dlfferent rates of synthe51s-

P

in the dhfferent conditlons.A‘The neanlngful comparison.

1

-

thus max be w1th a level of 0: 11 and not 1. 91 um.pyr/mgprot.

b One nught expect the cefls in nonlnduced media to

» »

. 1oose enzyme‘act1v1ty and indeed they do,  and’ at about

the expected rate .for dilution due “to ecell d1v1516n. .
If the doubllng tlme for the cultyre is about one hour/

1n three hours the enzyme leve} should deCrease to

about 12% of the orlglnal levﬁl.. In ?w +Np culture : .

'_the enzyme ‘level 1s O 28. um‘pyr/mg. prot. i.e. 14 7% .

_of the orlglnal. \Though th} proceeding is con51stent'ﬁ

’ with a dilutmon model the fact. that the’ same 1oss~is

seen in 1ndu01ng condltlons compllcates the analysxs.

.Is . the enzyme also unstabie durlng growth 1n'+Np? #In

B

L)



£ . o ‘ ‘

y " " the presence of chloramphenicol no new protein eYnthésis- :

occurs, but loss of act1v1ty due to lnstablllty is seen.\
*-' Slnce no new enzyme is formed, the 1nstab111ty of pre- -
exlst;ng enzyme is seen to its largest extent. In all< : .
/ o other condltions, the enzyme is stlll unstable, but
\

grthh and’ proteéin syntheé%e préceed normally and:

.

« “ therefore enzyme was resyntﬁe51zed and: the degree of loss ,'ff:Y
‘_t‘ : -

a ' 'sean is less. Generally in a grow1ng‘cell, whatever K =
’ . © R
5, ‘ ‘ degradatlon of protein occurs is matched by resynthé51s,

- ‘, ‘
and thus enzyme 1nstab111ty is masked by new synthe51s.

N -
A © - -

(Pine 1672, Shimke 1969) o L " - .

It was clear from tHe preceeding results that’ o

T . ) . o ' A .
g L- SD;lS extremely labile'even Win”v1vo' To further ~ e

> Ve . ¢ » 41
i’ ’ ¥ . 4 s '».‘ ‘ .. . . )
= ° a B(6) Ragé of loss of L-SD Act1v1ty . o - \

\
characterise this 1oss ‘of enzyme- act1v1ty, the rate of ' . | . w
.. . 4 loss was observed X several situations - in~1nduc1ng and - |

=~

[EEN . ~ ~

noninducing media, in‘MM+N'and in MM-N, as weleas in

. " the presence of L—serine, (s e flgure below) In all:,

’ - i ¥ \ Fa)
: : .

[ R . ; cases, ehloramphenlcol was addedxeg ;ﬁPlbltor of’proteln

v . ~ . . R - n ’ “ ’/ "
: synthe51s. o oS T
A . y . o~ e C .

' > , » ,\I; ~ f (’J

3 T

~Nplg— +Np -+ Chloramphena.dol piE L N

st e T by 4+ plg+ Chleramphenlccl

'

. , ' * .‘— . ’.“
x e ? +'Chlor amphendicol,t -, ~ - - . L %

'

\ oo C -\r«— plg+ ChJ\or heniéol A

oo, ‘ b N ‘ o e - T
e U A &( ', serlnewhloramphenlccl T o e
) s g et S .%-Nplg + Chloramphenic<1 o s

‘R

J wserine‘

Vo ‘
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i . ‘- oo °
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B(6)a -The Effect of : G;yclne and L—leuclne on ! ,' o
. Enzyme Actlvity During Chloramphenlcol Incubatlon : -

.. To observe the effect, if any, of the 1nducers, ‘ .
£

- ‘ /
o glyclne and L—leuclne .on .the, logs of L-SD act1v1ty, N
PRSI L comparlson was made between enzyme act1v1ty in cells’

shakeq 1n 1nduc1ng (+/ -glyc1ne ‘and L—leuclne)'and .

)
R

L nonlndu01ng ( - dlyclne and L—leuc1ne) medla, (see

Ix

). B g . g ‘ E CL A . y F

f 1 , Overhight  —= . . -Subculture ' 7

P . s Sy . : . ~ . . - -
. . . " ) " » . . _Np];g . ) ‘ A - ) . A '

’ ) ’ , -Nplg’ . #+ Chloramphenicol _ .

e o —> ~Np .. e R h

A ', A "" ¢ . ‘ “:':’ . . . _,, ) + " . ﬂ
T B(G)ala Effect of- Incubatlon in MM-N f L .

. ‘ -\

Cells were grqQwn overnlght in 1nduc1ng condltlons,q L. -

) o

¢ .-Nplg, in 6rder to achieve a high initial’ level of enzyme .

‘ 'act1v1ty. They were then harvested, Washed and sub—A -

figure. below)  in l}oth MM+N and MM-N. _~ . ’ CL e

<

’ = cultured ;nto MM—N+'1nduce£f ( glycine and L—leucine)é'. P
B all in the ppesence of chloramphen1c01 at f concentratrbn s L ;
of - 20 ug/ml.‘ Flve flasks of —Np (serles A5 and flve '

flasks*of -Nplg (serles B) were 1ncubated with Shaklng at’ . ';,'
- “
nd 150 minutes afteIVSub%ultqge, ' o

was removed from the shaker’ and »

A

NN N
~e

L '«379. At 2, 30, 60, 120,

| 61 Y \ ope flask- of each seri
"{L' o a assaged for L—SD act1v1ty lnﬁthe usual manner.m The results
e " ) bf such an experlmt are- presentea in '.l‘able XIVa. Sy

\ N . . 3 . .
| -5 s . K s . ‘\\ ‘ . , P
| 3 P ' , . . “ae P N\«
. g z -t .. ;> * .
X .. Fi) ) S e . .
, . R N R . . A
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K . . An experlment of this type 1nvolves repeated ‘ '

q
-

centrlfugatlon and washlng of the cells. Thus, a sample

-

. _ assayed 2 minutes after subculture has been manipulatéd

as’follows: the overnlght culture is centrlfuged, the

“

cells are resuspended in cold medium, recentrlfuged, and : g

resuspended again and ;nnoeulated into warm medium for-

»

2 mihutes;.they are'then chilied, once again '»centrifuged,n

/resuspended and recentrlfuged "and finally resuspended for

the enzyme s . L . ‘

n ym agsay. . ] ,»‘~—///— . .
L C That thlS extensive manlpulatlon per se does not Lo
L alter the enzyme level lS surpr1s1ng, but in fact truo, g
. can be seen from the fact that zn 1r such. experlmegts,;

. the ‘level of enzyme assayed at 2 mingtes after sub-
. ., o . ﬁ'

culture .was only on two occasions‘mdre than 10% below .

,
.

the level of act1v1ty in the overnlght culture (Tables g

» XIV(b) and Table XVI(a) Table XIV(b) prov1des a <; PUU :

« ,

comparlson of the levels of actlv&ty measured:mn~cells . T

QJ or oéernight‘cultures'and after'z minute‘subculture.

P

- After 2 minutes, . ever, the enzyme lével in T

- . . ®
e a - #

R serles A (—Nplg) decreased rapidly. In Experlment No.‘l,°& e
- the achV1ty seen at 30 mlnutes was, only 36.7% of that '

measure% at’ 2 minutes{ After thlS poxnt the rate cf

\ -

decrease in act1v1ty was slower. At 60 mlnutes, the, R ,{

v , T

P ;_ 1evels of act1v1by was 30. 3% of that measured at, 2. minutes,

»

~
s
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Table XIV .  LOSS OF L-SD ACTIVITY.DURING INCUBATION L
o IN -Np CHLORAMPHENICOL AND =Nplg ~
CHLORAMPHENICOL ~

(b). Comparison of levels bf Activity in

cells from overnight culture and o
2° mlnute ‘Subculture ) . . W

v ” .
s

-

.o L-SD ACTIVITIY (um pyr/mg. prot) |~ /s ‘
.; Incubation In over~. In 2 miln. Act1v1ty in 5 No-

Exp. # - Medium night ) subculture 2 min. sub- ¥ S
C . : culture - , ‘culture as ‘% , .
R . ‘ o ' of overnight o e .
] S, e . ‘ culture I ‘

I .-Nplg ¢ .31 - 1.77 ©  134.7 TN
’ chloram- . I L . » o
2 phenicol  1.26 . 1.20 " 96.3 - 1

1y Sep 1.31° 1.61 . - 122.6 S R
; chloram- - . o ‘ | |
2 " " phenicol e : - B

o fx, Assays were performed at’ L-serlne concentratzon . n %
< Lo
o ‘of 9. 52 um/ml.,. 2 “ . ) ) ,
"‘ “f , ”m ¢ P ’ . s >
Gy ‘.
. ¢ = |
4 (4 ‘s - .
. 7 - ) , , . " ‘
¢ . l N
. - 7 Coa '
- ' G ‘ .t -
t . “ . Y s \ ‘
. & < ¥ .. 3 ; L o ®
', t s | :’ o
jE . . ‘.
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ot . ’ ! 2 g ™ t
. . "o “op s o '
v t . " .t .
. , ‘ v . . } R . .
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an'd"bi\z 150 minutes, onl'y 0.15 um’ }_oyr[mg lp’rot‘. or 9.2%.
of ‘the .2.minute lev& of act1v1ty ‘could ’be detected. -
When ‘this experlment was - repeated (Experlment No. 2.

' Table XIV(c)) the actlva.ty measured at 30 minutes w'as‘

65. 7% of “that at 2 mlnutes i. e Fthe rate of loss Wwas :

K ‘ lewer tharf in the first experiment however, by 60
mlnutes, only 33.3% of the 2 minutes’ level was left as-
had been seen 1n Experlment No. 1 and only 20% left by
150 mlnutes.

.
4

It is thus clear that in MM—Nplg L—SD act1v1ty
P

.
.. s

. lag perlod durlng which. the enzyme was - stable- could Jae

. detected. However, the rate of loss of actlv;Lty
Il . B 'ﬁ
'appears to decrea ‘with tlme. )

L%

g The srtuatlonﬁ is not the Same :m the absence of

'

mgcers i. e. in —Np (serles B). In this case, no

51gn1f1cant 1oss of L—SD act:LVJ.ty is seen.’ In alri

. assays done, 1.e. a total of io0 1nd1v1dua1 measurements’

]

at 'various time 1ntervals, the level of L-SB actlvn:y

was only once less than 75% of the .2 minute value.
v

Table XIV {c) indlcates the percentage.of the&

’ LA 2 mlnutes value seen at the VPrlOL‘lS time” 1ntervals. It .

L8

is obvious that in -Np, L-SD activity - does not 'decay'.

and that loss of activity - is therefore assoc:.ated wz.th

)

o, - the presence of J,nd cers . glycine‘ and L-leuclnea»

i
is iost from the start of the subculture, no s:.gnlflcant

E

PP VA
A

o
» / ‘

N

~
. P 9

L



- - Table XIV :
c IN .-Np, CHLORAMPHENTCOL AND-Nplg CH .RAMPHENICOL 3

) o s te) Loss.of LeSD ‘Activity as T
N L ) - 8% of, Activity Measured in Cells’ .of T
- . ' 2 minute subculture .
- C Time of Assay L~SD ACTIVITY ,
. Incubation (after sub-. (as % of Act measured at !
Medium - culture). . 2 min) ¥
e (min-) £ ' Yo
- . _EXp. #1 Exp. #2 Exph ¥3 EXpT4 .
“" 5 " ’
_Np]_’g ’ R : 1 . o
: chloramphenicol . 30, 36.7 -65.7 70.6. -53.3
- \ 60 30.3  33.3°° "82.1 ~44.3
. ¥ . "
. - 120 19.3 : -
#  1s0 9.2 ’2_0.0& s &
. ye s . . s IR
. ” " -? i ! '
. S chloramphenlcol 30 90. .~ - , 157 105 . .
& . B . s e v .
i ‘ . 60. +84 . - 07, 51 . o
y 2 - ! v :
* . - 120 9 [ - - -
’ 1 K// 150 80 Y - =
P . ' . ”‘, ,‘ ’ o, ‘," E 2 - . “ ¢ . 3"' [ L ‘/,.

i -, R B .
.. . . Z
. & v & - X .
rd ‘ v M ' i - .
R .
. B N v

* Assays were perférmed ‘at--L-8erine. concentratlon of

. . . .
~ . : 7 '
D - . .o -52 um/ml. — -\_ﬁh A . ;
3 . .. ] s X -
= . 4 . i : [N Vo
- - ’ . k
. ’ 4
: » ! £ . ¢ . . o fotity, k
w . ® 4
. Fod . ’ * N ™
.
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) ’ & v e
' -
. & B
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'Therefore, to determlne if theﬂpresence of 1norgan1c N

_.repeated in MM+N, The results of thls experlment are )” R

,presented in Table XV.

, ln the}absence of inducers (+Np Serieg'B)“the

‘was observed. . OFthe individual determinations made :

P, »

B(6)a, Effect of Incubation in MM+N

From.the above, .it’'is clear, if paradoxlcal,

» ”

that the presence of the inducers L-glyc1ne and L—leuc1ne C .

. results 1n'a loss of L-SD actlvity. An 1nductlon effect

has-also been seen'in MM—N as opposed to MM+N (Sectlon B(L

3

.

would havelany addltlonal effect on- the loss of L-SD v,

ct1v1ty, the experlment presented 1n\Sectlon B(6)a was

\ .o . . .

Cells were grown overnlght in —Nplg, but . sub—‘

Cultured 1nto Serles A (+Nplg chloramphenlcol) and

4 ’

Serles B (+Np chloramphenicol). In thls experiment, the.’

level ‘of act1v1ty measured after 2 minutes subcultu;e ' ’
was. less than l% beloé that of ‘the overnight culture.
After 2 mlnutes, th# levelrof act1v1ty in Serles A
(#Nplg) decreased cqg;lnuouSIy. The act1v1ty seen at |

30 minutes was 56.4% of that at 2 mlnutes. At 60 mlnutes,. BRI

3

.44% remained, ;AQ‘At 150 minutes only'0.0Z"um pyr/mg,'prot.

. o : . | 4 .
i®e. about 1% of the 2‘minute level ‘could be measured. 4‘ €

-
results were different. No significant loss of-activity L,
.. . < . Ty . '

¢ . ¥
s rw .

between BQLend 150 minqtési the level of actiVityiyas never
. s Y o Loe Yy,

)
=
-

-
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' Table XV

a

- LOSS OF L-SD ACTIVITY DURING INCUBATION A
IN 4Np CHLORAMPHENICOL AND +Nplg CHLORAMPHENICOL

) —~
_Incubation Time of L-SD ACTIVITY.
Medium - + Assay . i ) B
’ um pyr/mg prot. © as % of .2 min.Levell

+Nplg after aver-
' night growth

+N%1g" " 2 min.-. after
chloram-

1.34

:
LI

1

R

- ‘*: ’ » . ¢
g . 'ABsays Were performe

d at..‘ I;fsé,

5

ting \coric‘,

subculture . * 1.25 ‘
. - phenicol , . . -
ﬁ 30 min. after , . .
‘Subculturd . 0.75 . '56.4 :
\’ . . . ; —_")
)- 60 min.. after . . FEN
* . . subculture . '0.60 44.0 .-,
. P L7 ¢ . -
) 120 min. after o . - X
S ‘ . Subculture 0.27 .20.9
: e NG . e -
150 min. after’ L )
o ~ subculture 0,02 - 1.5
» N C P .
P . A a "’ . - ’; l:
' ‘ ,\ ‘ e AV
’” . ‘ ‘e ¥
+Np .- after over- ; \
’ * night growth ’
‘»  (same as 1.34 A -
*  above). e ¢
+Np chlor- 2. min. af'ter‘.&‘ ' o A
e ampheni- subculture 1.38 , ', 100 ©
.-col, ~ ) . . - :
' 30 min. after - ) C S
: ‘subculture - 0.97 - 70,2 Sﬂ
« '« 60 min.. after’ C ST :
. _,Subculture 29 ‘o 93.3 ¢
, ' . e ‘
N *
120 min. after . -y - .
i ; subculture : £ 1407 2 77,6 -,
n ’ ’ “ /' ' ' ! . . f
- 150 min. after . i - . L a
subculture .« - 70.83’ -1 . 7 . 60i3. 7,
b, ' A i ‘ 1‘ ; " . v
N ] ot N

LY
4

(4

'y

s

L :
of 9.52uII\/m15b L7 *

o

rl

-

»

4
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. &

-

<

)Y

.affect

07 'decay' was observed (See” Table XV).

E

. «
. -'less than 60% of the initial 2 minute value.

Thus levels

may decrégse or vary but are never very low and no trend
S % . o, . . i

-]

‘4 ' It is therefore clear that, as was seen in MM-N

-

no‘slgnlflcant loss of enzyme act1v1ty occurs in +Np~

\

|

o

Iy

':

(non1nduc1ng) but extens%ve loss is seen in the presence v

qﬁ the 1ndﬁcers (+Nplg)

L

B(6)b

PR

A
As well ; the extent of lIoss in

~ * . »)

X +Nplg appears - to be even greater than in —Nplg. . ’ IR

Effect of L-Serlne on Loss of L~SD Act1v1ty

., &

-

. Prev1ous studles have reported that undegpvarlous

condltlons of loss of enzyme act1v1ty, thé addltlon of ’

the enzyme substrate has a

'protecting'

effect i.e.

can decrease Or”prevent the loss of activity (Alfoldi-. Vfg

et al. 1968 Grlsolla 1964)

to de

Therefore,

4.

It,was therefore of 1nterest

ine whether .the loss of L-SD act1v1ty~could be

. \

b theapresence of 1ts substrate L~ser1ne.

. ' -
‘ e °

he experlment presented in: B(é)a was - S

.t‘

repeated, however in thlS case, further subcultures were

-

media.’

made with' the addition Of L—serlne R50 ug/ml ) to the "

&

.The experrment l de51gn cSh be seen in the figuﬂe

below and results are presented in Taﬁies XVI(a)”and ‘ ",

XVI(b).

»
¢

B

- overnight /|
-Nplg _

!

¥ Subcultures L

y “Nplg: -

. DR

\

“ohloramphenxcol o C e ®

-Nplg ser chloramphenlcolhu Cr

> -Np Serine chloramphthcol RS

Pl

chloramphenlcol’

€ -t
' L, I 4

. 4“

. s, . .

. . i
7 o
. [ .

P 1 4 4 \
. . N

. j
R * ,;\ . .‘\i v, i) ;)
\ .
* A
) - I, | . 1
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® . ‘ E ' 81,
0 + » L} .
. h - ! - R '}’ ! A. “‘
.-, Table XVI(a) EFFECT OF L-SERINE ON LOSS OF L-SD°ACTIVITY  ~/
. N : ‘: ¢ .o E - B LT ) . ‘ , ~
' c . : : . - - ~ ~

’,
g

. - L-SD ACTIVITY (um pyr/mg. prot)

Exp. %' Time of Assay Incubation Medium (alls¢chloram-

: phenicol '

ee " -NpLJL. - _~Nplg serine +Np <~Npserine
PN N £y - ) s ' i -

1

o

- > ¢ ) ¢ * o

1 after overnight$. 0.86 . .0.86 - 0.86. . 0.86
) MOWth ’ 13 , + . . .

" 2. min. after” o ”‘. e 305'. -
subculture - 0.74 T
.o s y ,
".30 min, after e oo
subqulture =, 0. 0.76 ~ = 7" 0.98.
J : ’ N ‘ ‘ "' * : » . ) )
. 60 min. after" : L ' . ST

‘ " 'sngulture - 0.45 . "~ 0.61 . 1,200 - 0.76-

120, min. after - - ‘ "« . ‘@ . ‘ . ‘ . F ‘.

? ﬁ'subcultu;eéf - \\& ‘ oo o :

150 min. after - . - " ; S L
* subgulture .- » . 0.22 L= -

¢ -
.,“ {,' ’ . . V]
. .

‘/ . . . A X"‘ . J ‘. [ L. ) ) ’.

v,

£ s 2
7 g

2 . aﬁ%en'c%erni;ht o . - e
L rs N . \Q'IOWth ' 0.84 " . ‘0'3’84 ’ 0084 o 0'84
) 2 min. after © . LS
o« T subcultqrgf R . -0.98 " -, -

- *30 min. -after S e
o subculture,' s - 5 . 0.86/ Com é&y

. * . 60 mir. after ' ,)'* 'f‘ . . N Lo '
o subcultune- - 0,44 - 0.71&; 1.19 . 0.52
: =T s
1201m1n, after eL S . . \ .
. Subcylture - e A 0 Al EARCRE S x,_r1=

}" iI r\’- ; s ‘1
e AN e e L P S - o
] - 150 min. after g ) L R ’
‘. . | subculture - = ¢ 1. 0143.% . = DI T
. P ! ‘ L . ‘ . - " e
SRR - -, 2 T o~ vy -

\

b

x

L - ‘ PR = l
* ?sgays were'perEOrmed at L-serihe eoncentration of

. \.:,. - Ce ,"9\‘52' M/m1 . o ‘\/ . K ':\ ’ I
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.

oo . L-Serine did to some extent protect agalnst
o, » = hJ“\\\ the 1naJt1vatlon seen in induc1ng\cond1tlons. In thi‘ . T

experlment, figures must be considered’ relative to the ‘
’ , .

. % )
. : overnight values since ne 2 minute sample was takerr for-

.

tHe flasks without. L-serine. On this basis, after 60
. \ ' ) ; .
minutes, eﬂzyme activity in two duplicate experiments

was 92% and 70% wlth L-serlne ‘and 50% and 52% without \ o

. o

L-serlne. " The values for the’ flasks w1th L—serlne//// T
‘\\ N . ' relative to the 2.m1nute culture are 80% and 77% whlch {

. may be related to 30% and 33% wﬁthout«L;serine in

* .

_3 Co Sectlon B(G)a. However, in both the presence and absence

a1

Vo - .of L-serlne, after 60 mlnutes, enzyme act1v1ty ‘was .

‘% rapldly lostas before.‘ After‘lﬁo fuinutes 39% in - '
! . . T .
| } ~ Experlment No. 1 and only 25% in Experiment’ No. 2 wae 'n\ :
1 measureable (as compared to the overnlght values). - LN

- Thus, it appear# that addition of L-serine had some

. protecting effect agaihst loss ot‘enzy@e activit& bBut
.+ that this effect~on1y lasted up to’60 minutes. L . Co
! N ' e : , ”

The s;tuatlon 1n -Np\was examlned in less ’ RN

X )/' . detail qndwonly w1thin the flrgt 60 minutes after ,’_'".

é . subiculture.. On the basis of previous experimentsf no o

. 'loss of enzyme act1viﬁy~Was expected in =Np and none was
~

seen by 60 minutes. In -Np serine, there /was’ np 1oss

within the first 30]m1nutes in two experiments. HoweVer,

The

at 60 mingtes 14% and 30% of the activity was lost.



R L] | v - . . N - l 84.

, . ’ - < s > : : oS

N : ! °,It has therefore been obsefved,that,L-SB is- .
\1~ - A j ¢ ) ' N ° " — \

' ’\ unstable in vdvo, especially in the presence of L—Qlygine j

. ' and Eﬁleucine the inducers. This effect has Been seen in

‘ ~

-
e

hoth MM+N and MM-N but ocuurs to a sllghtly greater degree

in MMtN. In addltlon, L—serlne can protect‘ agalnst

i 3

loss ofrect1v1ty seeh\Lgylnduding conditions, however,

. only for a period,of about 60 minutes. Its effect in ,

hohinducing c?gditions is not clear. These phenomenon . °
. 1

“age not well understood but will be discussed below. . -

' ‘- S R

B(7) Investigation into the Contribution ofiEnzymes, T
. . Other .than L-SD, to Serine Deaminating Ac¢tivity : .o .

L

. A p
< . In has been ‘shown (Section 1) th&g:L-SD is

N '

) /; | . specific for L-serine, i.e. it willvnot deaminate other | | ,3r ;
. , substrates under the condltlons used.here. Ho#bver,* _ C
b dther enzymes are known which are less specif1c and whlch ) -
i -;.u ' in addition to their major actlvzty, possess the ability i :
N /o l. to deaminate L-serine, . If the extraets studied here ORI .
‘ o ] ' . ' a .

' . " contained such enzymes, the totgL*L-serine deaminaiing
'ract1v1ty measured might not be due ‘to the enzyme pPr sently | o
_; | :>4’K “Sidder study, i e. what appears to be\f—serlne aeand e o
ca e " ‘activity might be the comblnatiorr of L*serine deaminase i

.

N ,
and e. g. L-threonine deaminase actxvity on L—serine.'rf

*
.
7

P
T
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* . C, [ . . oL
: - . L-threonlne deaminase is in fact the enzyme most o

/{ i likelf to *p:esent such probiems\. Thoygh its primary . ‘

activity is the deamination of Lj-thz"eonine todketobutyrate, e

it has often been ereported to also have act1v1ty against

f?\
L—ser.Lne 4Dav:|.s and Metzer 1861, Umbarger 4957, Lessn.e -

' - et al 1969, lehlmu;:a. et al 1961 Alfoldi. 1969). - Indeed, ,
, ;everal “workers have conmdered\tl{at L-SD and L-TD might '
S be names for the same enzyme molecule:
L, " ’ ' - _l Even though the extracts studied appeared té have " i
E A ’ act1v1ty only agalnst L-serlne, 1t seemed 1mport‘a.nt to '
‘ . ° be sure that no other enzyme was be:mg measured or
® .,:; . . misread as L-SD. A varlety of experiments were - \\ ~—
T o therefore de51gned to detérmine if L-TD st in fact L
- l , A\é } active in t}xz;s a;eay system, and »f it'were, to devise R
- | ~. a /method to ‘distinguish and separate the activity of L-rpl - ((/

from that 'of L-SD and deternune if the two were dlfferent
) ‘enzyme molecules. o2 , = ,
. .

4 In section i(3) it was shown that toluene

Py {featq‘d cells show. éctivity against both L-‘-seririe M ’
' L—threunine at pH 7.5 but /6nly against L—serine at |

lpH 6 4. t’l‘he exper:.ments about to ber descnbec‘l were ) o

performed‘before th:.s was disoovered. In order to ° . ) ‘
) . A ‘ A
3:"’ ‘ , determine if L TD was active in th:.s- assay system, a )

o . 3, RN

3

P ! ~ .
,,o"h i P . R ~

(There are in faot at'least 24-TD's in E.  goli). :




. - &\ - ‘ n’. - e
w4_~ control against L-threonine as dubstrate was iﬁcluded

. . ~ . .

-

in every L—serine assay reported in this thesis,

o

. Table XVII prov1des representatlve results showing that /
no activ1ty was ever observed against L-threonine as

substrate‘at pH 6.4. . ' ' - . . .

‘'

. . . . . K .y

Because L-TB is known to require pyridoxal

phosphate (PP) és’cofactor (Umbarger and Brown-1949,

Alfoldi et al 1969, Nishimura et al 1961 and Wood 1969),

- PP at 38 ug/ﬁ1~ was adde@°to the assay mixt%fe,hbut stili

no activity wasg_detected. '(Teble XVII).. These results
ey » ' ) ' ‘ . ’ . \ '
seemed- .to indicate that L-TD was not‘functioning inﬁthis .

~

system and therefore could not contribute to ‘the activity

+

against L-serine.‘ . '
) / ’ . ¢ . . .
. ‘ .| However, EKTD;is well knowh to exist in E. coli : '
. . " . 2. SO
.and therefore. the possibility was considered that it may

' in“fact have been present and contrlbuting to ‘the

,activity measured against L—serine, but that it could . : .

.

not be detected by the assay being use& One therefore ' },i

. sought a more 1ndirect\way of determinlng whether L-TD ' . . ?‘ﬁ
B aqtivity was involved. , =~ - K , . IR ;i
* Methods are known which can sbecificaily alter e

!
1
L4 - [ '

ﬁhe activity of L—TD 1.e. inhibit, induce or repress’ the ‘L ok

enzyme. “If the use of such methods rpsulted in a ohangeg N

£y

o
"3@“&* s

. * J L5
,\ (.» ‘t(.,fwm

o

’L“ oy

~Ha " b .
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;
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Table XVII

‘ -

;
4 - e cncoctwupd

L-SERINE 'AND L-THREONINE

\

A COMPARISON. BETWEEN ACTIVITY AGAINST

\ L-Serine

L-threonine’

Activity against Activiby against Actlvxty agalnst
L-threonine  in

(um pyr/mg. prot) .(um’'pyr/mg prot) the presence of
pyridoxal phos-

phate

fr/mq prot)

-

€

J
1 . 1.22 0.08 . 0.03
2 S 1.11 0 N o,%s
: = 3 2.05 ~0.02 . 0.51
l - ¢ ’ U S
- ' 4 1.82 oo 0.03

e
@&@%&%&x&

** Agsays of experiménts #1
grown in -Nplg ,
A R ~

;Sd $#2 were

‘done on cells

|

Assays of experiments #3 and #4 were done on cells

grown in -Nplg isoleucine and valine

* Agsays were performed .at L-serine cdncentratlon of

9.52 um/ml and L—threonine concentration of 8.40 um/ml.

v

“4a

Y




*

’ . ] L. . ’
. in the level of act/ivity against L-serine being measured, Ce

- 4 !
it would be clear that L-TD was indeed contributing

x .to the L-serine deaminating activity being ﬁeasured,
. . v
and the extent of Spéhgé would indicate the extent of \ ‘

L-TD participatiqn; The details of suTh experiments are'\

‘ described below. . ) _ \
~ - N 0 .

. . . '

B(7)a The Effect of Conditions Known to Repress L-TD

e

A n-lsoleu01ne is a known repressor of blosynthethE“&

L-TD (Wood 1969) i.e. the addition of L-lsoleuc1ne to the

growéh medium results in the deqreased synthe51s of this

———enzyme:,—Therefore;—thesaectivity of L-TD agadénst L-serine ‘

~———-gould,be cleariy indicated if growth in the presence of

.

L-isoleucine resulted in a decrease in the éctivity
, ;
-béing meaéured against L~serine. Such an experlment was

conducted as shown in the Flgureobelow. e '

§
[ . N

Growth medium Y Assay Conditions

ry ~ o ! N L ‘ +

. Serine + PP . P

oo ., =Nplg

L ' \ threonine + PP, *\\;\\\\;:Lk;:

» ., 5

S Serine + PP
~-Nplg isol. wval. ‘ . . ’ ) ..
: .. threonine + PP . .

{ . . .o
¢ - - M +

*

‘Cells werevgkown in inducing,conditions (—Nplg) o

Yith the £urther addition of L~iswleucine at a concentraJ\‘ ‘fﬁf??
tion pf 50 ug/ml. L—valtne wag also included 1n this 3f53' :

5 ! x,{‘ :_. il '
wg@,%ggf; o % ?

she
e
Wigagon o 7 KON
E@ﬁi& o TGl £
SONLE SHTWIE ST i S



. ‘ 4
v - . .

. . .rmeﬁéum, also at 50 ug/ml., ‘since L-iso;eucine'alone ’ .
* inhibits the growth of E.'coli K (Umbarcéer 1969). |
| ' As a control,'dZils,were grown in the same induciﬁg ’
medium (~Nplg) excluding L-isoleucine and L—vg,line.~ :
_This experiment was repeated twice. The cells of both ‘
I of these cultures were groﬁn overnight,‘harrested in ' ) °
log phase of growtﬂ (absorbance 92 - 120) and assayed
. ' for activity against both L-serine and L-threonine in .
| the ueuai way. Sinee previous experiments had not
: ' given eoeglusive~results on the PP requirement,fassays S

were also perfermed against L-serine and L-threonine

“with the addition of PP to the assay mixture to érevent
this beind a'limiting”%actor.. Enzyme acéivity was un- .
affected or very slightly increased by the preseﬁce of

- . » ’ . -~ v *

. PP. , ' ' , e

s

Cells grown in the presence of L~ soleueine and-

L-valine in addition to . glycine and Léleucine had

!

higﬁer levels of activity against L-serine than cells :

Y , grown in thetmaﬁsence (-Nplg) i.e. 2.05, 1.82 vs 1. 22,
‘ \" [ ‘5} ”
1.1l um pyr./mg. prot. respectlvely (Table XVIiX(a).

) The same pattern was seen in assays to which PP’ was added,

. : .')' i e. 2. 3%, 1.89 vs.1. 61, 1. 13 um pyr/mg. prot in presence

__,‘...-._,‘,

and absence of L—isoreucine and L~va11ne respectively.

v

rty

Thue,'far\frdm.repre

ssing the engyme, L—isbleucine end”‘:‘




Table. XVIII (a)

N

'

EFFECT OF GROWTH IN THE PRESENCE OF ' o
L—ISOLEUCINE AND I..—VALINE ON L-SD ACTIVITY

»

N , <o o, . . N ) (.
* -Assays were performed at an L-serine concentration -

' ,Growth' L-SD' ACTIVITY {um pyr/mg.Ag:ot) .
Exp.# Medium Substrate )
L-Serine L-serine L-threonlne L-threonlnef )
e vt e e . +Dp** . +_pp K
'l -Nplg © 0 1.22 . 1.61 0.08 0.03° |- :
~Nplg ‘ I :
] isoleucine . ' : : '
. .valine 2.05 '2.40 .02 0.51
2 -Nplg . 1.11 . 1.13 . o .. ~b.19
-Nplg (:;' ” ‘ . v 'd ’ L]
isoleucine - S
valine ~1.82 1.89 . 0 0.03 |
, oy . . !
' : . . S
: i ° ; ‘ ' ' .
** pyridoxal phosphate. ' . 1
|
|

: of 9.52 um/ml and L—threonlne concentration of : _ :

8. 40 um/ml




b

P . . . . ’ -
.effect of PP is uncléar since it stimuléted activity - }

|
) agalnst L—serlne and L—threonlne, but only 1n some cases - }

: gonplu51on. L ' . -

¢ :
«additiqp‘of L~isaleucine to the assgy misture,gpsults tq Voo

<

: . ) ‘ . \ _ R
L-valine induce it at -least in the-.presence of . ‘ ( ..

@ . "
M [

;g#ycine and L-leucine.
In the absence of PP no aetivbty was seen against
Lﬁfhfeonlne (6.02, 0, v 0.08, 0 um. pyr/mg; prot. . |
respectively). In the presence of PP, 1n some cases, v
a siight am?unt was seen in both cultures (9.51! 0.03

vs 0.03, 0.19 um pyr/mg. Rro;. respectively). The

’

the varlablllty of this effect therefore allows no S

IS
.
v

1 . -

*.In any case, the results of this experlment appear

to 1ndlcate the lack of L—TD partlclpatlon in L-serine

deamlnatlng act1v1ty’31nce, had it beenAcontrlbutlng,

.

the level of act1v1ty agalnst L—serine shoula haVe

decreased unde: the conditlons that repress:LrTD, but

Y '
a . N

itaﬂid jot. : L PR | \

‘) !

B(7)b Effect of Conditions xnov.}n to Inhibit L-TD PR

. \ .

As well as being a wrepressor of L—TD, B o
& ;

L~psoleucine is. knawn to 1nh1h1t the actlvity .0of L-TD oo

(Ldss;e et al 1961, Umbarger and Brown 1957, Umbarger R v ;
R Ce Y
1956, and "Wood 1969 ‘and Alfoldl et al 1969), i.e. the’ o R



|
|
|
|
X

a decrease in the activity of this enzyme. Thus , 1f

P -~

L~-TD were contm.butz.ng to activi\y measured against

L-serlne, addltlon of L-isol®ycine to the assay should ..
\ " _result in a. decrease in the ac ivity measured against I |
L-serine. An experiment aesa.g‘ned to determlne this-
was conducted as dlagrammed below.
Q
. ) . ‘ ' Serine + 1solgﬁlne CTee
S y,//’ - : o
— -Nplg assa ’ . ‘
_ ’ ‘growth medium \ . -

threonine + isoleudine

o™ Cells were grown overnight in inducing medium
~ (-Nplg), narvésuqa in log phdse(absorbance 70 - 9o>' o
‘ ‘ -, . and assayed for activ1ty agalnst L-serine and L-threonlne '
‘\ in the usual manrier except 9w1th the addltion of L—isoleuclne
(at same concentr;ation ‘as the substratel i.e. 2.5 emg/ml.).
;o ' A control assay was done without the addition of

3 o

~1.--vi.l”sé:oleucine . o ) _ ‘
. In the presence of L-isoleucine, activit;r medsured
- : against L-serine on three occasions was not eignificantly
o : D P lowered as eompared to that measured in its absence .

s (Table XVIII(b}:  Thus, L-lsoleucine does not inhibit

| the enzyme,aetivity to the _exgent’ expected of a feedbackj - PR
e inhibitor (Alfoldi etjal 1969). . ’

“";'t;; | A , 'rhe effect of L-»isoleucine was ‘also studied in g )
T ) ‘eells grown, 1n the presence of other meigabolites. _' -
o (a) I.-threonine 50 ug/ml. , (b) L—isoleueine and L—val:.ne

(egah 50 uq /ml ) and (c) pyridaxine (30 ug/m;. ). l;n



EFFECT OF L-ISOICEUCINE ON L-SD ACTIVITY
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g “ . o4,

© * . .
- . . .

these cases, the actJ.v:Lty seen against L-serine in the

presence of L-f 1euc1ne was agam‘ - not sa.gnlflcantly ) °.

altered Co . .

. . . L ] . -

With respect to L-threonine as substrate, no

ot

- activity could be measured in cell‘s from' any of th‘e;- ’
above cultures (Table XVIII (b)Y and 'thereforelno effect
!;:if L-isoleucine could be, observed. \ . ‘.
It has thus been seen that the: act:.v:.ty of L-TD
| ' a#axnst L-serine could not be demonstrated by the use

\ o repress:l.on or 1nh1b1.tlon of that enzyme.._ However,

L-TD is well known to ex:.st in E. coli and therefore

should have been aTsayable under some. condltlons, i not ST I
. under the ones thus far used. It therefore became . \ )
important: to find the appropriate cond:.tlons in which

L-TD could be measureld and studled. For this purpose, Coe

. N .

. . the following éxperiments were designed. , '

1
3 -
- ) * @ 3 B .
. . «=a

B(7)c Effect of Conditions’ Known to Induce L:TD - . A
) : L-PD activity has thus far been undetectable. L
In case this was due to the fact that only low 1evele of s

L‘ ' this enzyme exist’ urder the various growth conditions .' E

that had been useé, attempts were made to induce toe.-

g~ 7 -
S
w
.

.- A T AR Y,
. L
«




v v 4 ¥
b \ . ‘ - - .95, '
7 o \‘ . .
Table XVIII (c)'~ EFFECT OF CONDITIONS EXPECTED TO c
—_— INDUCE L~-TD, ON L-SD ACTIVITY .,
‘ L-Serine Deaminating Activity — [
(um pyr/mg. prot) " .
Growth Media j " . Substrate © . .
C o L-Serine L-threonine . v
. o : .
s ’ I '
B “\\
-Nplg - 1,75 0 .
) e ‘{',’ o v i‘: * .
-Nplg o ' : - .
threonine . 1.42 R SN 0 .
. ‘. ' e?l :: \' \ " . ,
-Nplg pyri- : ,
. doxine | SRS BT § 0.09 ¥
-Nplg T o - N i
threonine - ? R ) . )
(without - . . - _ : LS s
glucose) - © 0,50 . o - 0, ) '
* * Assays were perforxmed efisL-serine concentration s
. . X of 9.52 um/ml and L-threonine /congentration'of ) r
i . 8.40 um/ml. T o
\j : i . o : T . ‘

“'t‘”'



LT . . -
(Sayre et al 1956). Therefore, to increase L-TD . *

. ‘levels, cells were grown in inducing medium (+Nplg)

| B with the further addition of L-threonine, at a-
- » . N

' 1
concentration of 50 ug/ml. This was compared with
cclls grown in.the absence of L-threonine, i.e. -Nplg.

. . As Table XVIII(c) indicates, still no act1v1ty could be

i 1
o measured Egalnst L—threqnlne 5p'cells from either culture.

- L ,

| ~ In cells grown in the presence of L-threonine, act1v1ty

- , against L-serine was not significantly increased from
‘ l v ’ . ’ -
the level of those grown in the absence of L-threonine.

' : If L-TD had been induced and confributing to activity ‘ 4
, R

v against L-serine, this activity should ﬁa@é increased.
- ’ \ .. B S
This therefore seemed to be further evidence against the ‘ .

Al -
N . 4 »
.

lnvolvement of L-TD,

LN

v
-

. In a second experlment, cells were grown w1th the

.

addition of pyridoxine (30 ug/ml), the cofactor.of L~TD,
° . to the growth medium (-Nplg). If tﬂis cofactor haddppéh

. R P limiting amounts, this'could have e#pla}ned the -~ ‘
absence of L-TD accivity. Resulte compare /with those . | ﬁ?
: - o grown'in the absence of pyridoxine. - Stlll, activity
.5, L B against L-threonine was .essentially absent (0.09 um pyr/ ': =
:5 o fag. prot ) and the effect‘on actlvity against L—serine o

was agaln insignificant. L , S

N
= - R o . ‘J'~
' |

-y
Sty R
X e

2% 3, ;Q\* 5 4

ey ;:;,3 3% R %
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N . - Another method tried to lnduce théi L-TD level in

s the cells was the followxng- cells were grown overnight v

~

L in “Npl§ and then subcultured into fresh -Nplg medium in
. . the presence of largely excess amounts of L-threonine
. (iqoo gg/ml), and only a small amount “of giucose (0.004%)
.and grown to log phase (absorbaoce 80). ’;n'this way,
it was hoped that cells wopld be forced to use L-threonine,
rather than glucose, as the carbon source (Wood 1969). o !
K_The use of L-threonine as carbon source requires(thct.:” /
the cell must first deamlna%e ‘the L-tgreonlne, and
therefbre one might expect high levels of L-TD-in cells
: grown in these conditions. The small amountAgf glucose ’
//waﬁ’aaaéa’to allow the cells to start growing and ddapt
“ ' o . to usirng L—threooine as carbon source. Uﬂfortungtely,

as Table»xleI(c) shows, ;even this»metﬁod'waé un-

J e : ' S L
o - Successful at inducing measureable amount of L-TD as Cn e

- activity against Lvthreoﬁiﬁeécs sobstrate or as QQB .
increased activity Sgaihst L—cerine} ‘ N . |
N The approach thus far used seemed to indicate
-~ thttL—TD was not invotﬁad in this assay system. Though
’ L-TD could not be measured, it must have been varied under
gl:fz' S the various conditions trieﬁ. and thendbre &Q ;t had heen

responsible for the L—serine deaminatigg.aotiéity (in
"




However, it had also .become quite clear that rather than

. some fault in the design of £he experiments, something f
Y ) ‘about the conditions of the assay or procedure themselves
hed resulted in L-TD bein§ unassayable or inactive while
| stlk& .not affecting L-SD actxvxty.
L . '~ Two factors which might account for the inability
\ ' to measure L~TD are the pH at which the assay was

conducted and the presence of inorganic ions, Miﬂ' and < ;

\ -

K ‘ C'**,lln the solutions used to resuspende the cells Y

B
! r

.~ after harvestlng (Felgelspn, personal communlcatlon) - ;
That -the pH of the assay is 1m§Brta . has already been
demonstrsted (Sectlon‘I(3), tnough %t was not known when ' ‘;
- “the experiments described in the preceeding sections
were performed: The presence of ions in the resuspension
solutions could have been important because of their
A - ablllty to. bind to cofactorsﬁ(!elgelson) With the
! . cell being made more permeable due to the ioluene
‘éreatment, these 1ons could enter, bind to the’ cofactor . ‘i
o (e.qg. PP), and thus inactivate L—TD: In the experiments X

g about to be descrlbed, both of these factors were indeed \\\\\

. e * found to 1nf1u$nce the enzyme assay. '

s -

L] -
s °

-B(7)d. Effect of pH and Ions ’ : L

@

;1?? IR , The L—SD ‘assa. was routine&x»performed on cellss o

VL ‘ suspended in minimal médium (MM) pH 6.4, This{med;gmi~,ﬂ:,

xh&m

It
3?%



contalns phosphate buffer, CaCl,, and Mg SO4, and

depending on the C1rcumstances, also ammonlum sulphate.

]

; ' To study the effect of pH, a similar medium was prepared

.

Co in which the phosphate was buffered at pH 7 5. These
are referred to as MM 6.4 and MM 7. 5 respectlvely in
. order to study the'effect of ions on the égsay the same

.media were prepared omitting the CaCl, and MgSOs- These

-

are referfed.to as MM6.4 -~ CaMg and MM7.5 - CaMg a2
. - respectively but it should also be noted that they are

also missing the chloride and sulphate ions.,

A

Ry,

- - . x Thus, to test the effect of pH and ions on the

i~

L-SD assay, the folﬂ?J&ng experiment was conducted

g \ (figure below). ‘ ‘ o g

o : -
' Assfy Solution Assay Susbstrate -
. i b . ‘. . ' v / . ’ "’ ’ X
3 ) N , ‘ \
. -——#MM 6.4 Serine N -
A L, ~Nplge—— Tt MM 6. i-CaMg ‘Threoniney ,pp -

. : .. on Qf h medium ——a MM 7.5 . . Serine + , .
’ threonine / e

. . L— MM 7.5-CaMg

, v\-‘a

‘." v‘?-‘?"» oy
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, _o00.

n~ . ’ ‘ . ¢ s

Cells were grown to log phase (absorbance 68).in ’

inducing medium (-Nplg). The culture was then divided ~
4 ‘ \ » *

. . into four parts which were harvested by centrifugation -
. ”

r and then resuspended, oné part in each of the following

solutions: MM6.4, MM6.4 - CaMg, MM7.5, and MM7.5 & CaMg. o
Cells resuspended in the above solutions were asseyed |
in the usual way for activity egainst L;serine, '

L-threoniney and L-serine and L-threonine together.

'

All of these were assayed in the.presence and absence O
. -~ of PP. (See Table XIX). . o '
: . A comparison of results at pH 6. 4 with and without
. ions shows that activity against L—serlne is greater
| in the absence of jons (2i25 ve 3.83 and 0:99 vs 2,92 *# —~"

L uh pyr/mg. prot). Tﬂus, one can conclude that the o

ions interfer in some way with the measurement of

) L-SD activity. If the effect of ions was indeed by’
. - 4 . < v .
binding to endogenous PP, addi;ion of exogenous PP

7/ oo
should counteract tlis effect and restore activity. -

S In fact, the addition of@Pf to MM6 .4 increaséd activity
: ; h qulte noteably (0 929 vs 1.54 ‘and 2.25 vs 4.67 um pyr/

| . ‘mg. prot). These hare however the only experiﬁ%nts in
%3_ L _which PP had this effeot {see Section I(2). ‘The

t N

R addition of PP to MM6 . 4 - CaMg increased activity in

ER L .. Ve e A

‘one experiment (3. 83 vs .5, 53) but not: ip another

(4 04‘vs 4. 28 im pyr/mq. prot). This is. consistent/ A



T . Table XIX = EFFECT OF IONS. AND pH ON DEAMINATING ACTIVITY
: T o ‘ AGAINST L-SERINE AND L~THREONINE B
L Exp.# SUBSTRATE DEAMINATING ACTIVITY (um pyr/mg. prot) }
. : : Resuspens;on Solution
, e MM6.4 MM6.4-CaMy “MM7.5 ~ MM7.5-CaMg
] / c] - st ‘ H )
- 1 L-serine 2.25 . 3.83 5.28 5.90
. , L-serinetPP** 4,67 5.53 ' 6.80 7.62
S " Lithreonine 0.21 10.20 - 2.14 3.44
. - } > - 2 L . v . ‘ ‘
R L-threonine+PP 0' . 0.11' 3.95 4.66 po "
’ - L-serine+ - . ' \ ' o
L L-threonine 2.30 - 4.27 5.76 ° 7.60 "
L-serine+ Y\ - . . ‘
. L-threonine+PP '4.33 - 6.08 7.21 - 9.60 D
’ ' _ C
L | B w . 3
- ) 7 | 2  bL-serine . 0.99 4. 04 . 3.79 . . 2.37. :
B ) L-serine+pP 1.5¢  4.28 3.98° 1.9% .
N : L-threonine 0 0 1.0 . 2.83 - |
| L-threoninetPPy 0,29 092  2.3§ 2.8 |
EE . Leserinet. A | ‘ o L
\ , L-threonine - - { - . I ]
{ N . L-serinet - B .o '
S A i L-threonine PP 1.49 4.03 4.66

———— - Y .

A ‘ - Pyridoxal phosphate ‘[‘ o . ' ”,' b

e ., . . “é“ )

* Assays were parfo:mea at L»serine»eoncantrat ah of
9.52 um/ml, , and: L*thr@onine concentraﬁ&onuo o
8040 um/ml. . |




“ o .

with a hypothesis that PP is required for L-SD activity

and is bound by ions. One could then assume that the dr
'qugntity present in MM6.4 -~ CaMg was jus% sufficient to T ,

A saturate thesystem in one experiment (4.04 vs 4.28)
' [

- -
o

o but not quite enoughtin the other (3.83vs 5.53).

However, because this effect of PP in MM6.4_was seen -

o

- . only on this occasion, the role of PP remains ‘uncertain

and the effect of ions may not be related\ff PP at all.

L

With respect to the effect of pH, very significant.
differences were seen at the two pH's. Activity . .
against L-threopiné ygs.beeﬁ only at pH 7.5, 2.14 vs |
0.21 and. l 80 vs 0 um pyr/mg. prot. at pH 6.4 and i
7.5 respectively. Thus 1t agpeared that the pH normally

.used for assay in th;s study! i.e. 6.4 was not in the

range . for the activity of L-TD.

An ion effect was also seen in the assays

¢

against L-threonine. Tyué, omission of ions at:pn'7.5
‘resulted in an inb;easé in acﬁé%ity against L-threonine 1, ' {
* (3.44 vs 2.14, and 2.83 vs 1.80 um pyr/mg. prbt;. , o ;‘f
Agains. this cduld be due to'binding of~PP.' However, = @ ' - f
_the effect of the. addition of PP to the assay mlxture J‘:‘:“-' -

»

is again not quite clear.. In the presence of ions MM 7.5-.

. additiOn of PP did increase ae;ivity against L—threonine
AU ¥ 80 vs 2.38. and 2. 14 vs 3. 95}um pyr/mg prot )




o C. L . - 103, - : ."‘J&

However, in the Absénce of ions, MM 7.5 = CaMg, PP

did increase activity in one experiment (3.44 vs 4.66)

~ but not in. another (2.85 vs 2.14). This is consistent
_“ with thé idea that cells normally contain enough PPR

<1~—/" ' so that none need be added to the assay. In the .—

r

presence of ions, the free PP is sufficienty reduced

Sy

so EPat the addition of more PP does increase activity.

If one assumes that the 1e§e1\9f PP inftﬁe cell was f x

just saturating) one could explain the variability in -

"

[ ]
response to PP in cells assayed in the absence of ions.

]
fio definite conclusion can be made on the. baszs of

:,aé being due to the variations in cellular PP, How've?,
zkééé _ a
experiments. _ . ' .
Conducting the assay at pH.7.5 also had an. T

. effect on the activ1ty measured against L-serine. In ' .

MM, activity against L-serine at pH'7.5 increases over B 5

_that at Ln 6.4 (3.79 vs 0.99 and 5.28 vs 2.25 un pyr/ . T
mg. prot).. This <nulé be due to an increase in’
activity of L-SD at the higher pH, but might rather be S .
due to the contribution to activity against L—serine
by'L-TD which- is alao_aptivelat this higher pH.or even

botho ' t ' . ( i‘ | ,l

At pH 7 5, the omission of ioné'resulted in an y

+ s

increase in aotivity against L—serine in gna experimant



(3.79'vs 2.37) but not in anotber (5.28 vs 5.90 um pyr/

~

mg. prot). Similarly, the addition of PP, as usual,

did npt give consistant results, causing an increase in

. " ' one/experiment in both MM and MM -‘CaM&%(SJZB vs-6.80 :

and 5.90 vs 7.62 um pyr/mg. prot. respectively),lbut not
) in another experiment (3.79 vs 3.98 and 2.39 vs 1.93

um pyr/mg. prot. reepectively).1 The effect of ions.aﬁd'

.,

~*» PP on activity against L-serine at pH 7.5 are not clear - L

. for the follo&iné reasons: .At pH 7.5 these factors
Py
. are probably affecting the activity of at least two

o ' enzymes on L-serine, i.e. L-SD and L-TD. But, the
A

effects of these factors on each enzyme assayed
separatély were not themselves combietely?blear and thei -

,, _' combined effect éhat changes in both enzymes caused

T TN

‘by ions or PP would have on act1v1ty agalnst L—serlne ’;> v

-
e N f -~

. s
are that much more uncertain. ' ‘

. ./
. { Another part of this experiment"nvolved'the

. ass y of L-serlne and L—threonlne together at pH 6.4 ’

a -

and\7 5 and + ions, . At pH 7.5, where both L~SD and L

-

L-TD aie~acti\gifitew35\obse - that the actzvity - T'Pl
measured against both substrates together was not" as S ,ﬂj”i
high as the sum of the activity,measured egainst each’ :

The

,il" - I seéartely (S.Zsave‘7.§2 reapectivelf@!&hleJXleé

e
e Rk

lgx%ﬁ*ﬁﬁ”r
et

O @é‘“’a«% e
k‘* ’, 2]

A o
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effeqt-ﬁgs the same upon ghe\» omission of Ca and Mg,
however, both values were'higher (7.60 vs 9.34 um pyr/
mg. prot. respectively). If“there were a competition ‘

‘between the substrates for the active site of one

3 1

or both of the enzymes, or if either ,enz;r;xle was inhibited '

by the oi):her substrate this r.;esu]:t might be expec;:ed.
Thus, these experiments have demogstrat:ed several

points. It is now clear ,t-;hat the cells of Ky,.P~ do

contain L~TD a'llthough it is only apparent if the assay

. is conducted at Q ﬁigh pH, i.e. 7.5 as opposed 'tor6.4

If also appears that' a competition be/atweeh L-serine

and L-fhreonine, or an inhibition effect of Qné of the

substrates on L~SD or L-TD exists .' The presence of ions’ ,

generally has skome( kind of inhibitory effect on both : L

L—SD and ‘L-TD. The effect of Pi’ on1l-8D is less clear.

3 -
\ 7

B(8)- Separation)'f‘ L-SD and L-TD Act‘ivity\: Demonstra!iion
. of the Presence of Two Distinct Enzymes -
' L-SD and L~TD | .

. In the preceeding sections, it hagi. been shown that
.L-serine. deaminating activity can be assayed with no
invdlvemént of L-threonine deaminase,' by 'conduétiné_y the” -

assay at’ pH 6.4.  However, since L-TD is well known to =, |

exist in E. coli and to deaminate L-serine, and #ince
. . Mem—— . - .

'L-8D is much less w311'~d¢cumen§ed..'thefqu?“_iwihl e 2

ey
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A .

arises as to whether these activi.ties are due to one"

< Y wten —~—

~ .
or two separate enzyme moiecules. One could, after 'all,

. e, 4]
% imagine ats:mgle proteln mo’l@éule whlch mJ.ght be active ro N
: : o ~ : BN
. againsgt L-serine at pH 6.4 and active against both
; L-serine and L-threonine ‘at pH 7.57 This questio' was

approached using the 'enzyme decay' experiment des ribedﬂ

2

in Section B(6).
‘ It has been established (Section B(6)) \‘_:hat in
cells incubated at pH 6.4, activity .ag“ainst L-serine
is unstable and decays. If .I'TTD and L-SD yere botﬁ
the activities of one enzyme protein, ;aétivity against |
' !

- decay with activit:.y against L-serine, also at pH>7.5.

L-thre_onine as measured at pH 7.5, should simultaneously

If two.enzyme‘molecules were involved (and activity ° "

3

were measured at pH 7. 5 where both substrates are “-*

~ .deaminated), activity aga:.nst L—serme would decay ,as

seen before, but act:.v:.ty against L-threonine woulg not.! K ,
., ' ©

A

Thus, as diagrammed in fiénze below, ‘qellé were’

grown 'overnighf in inducing conditions (~Nplg) till
. .. - early log phase (absorbance about. 55); Cells were ..

.;then ceri'i;r;l:fuged, washed and-subéultured into three T

Lo f}aslés each containing ~Nplg + cliloz;au@z’enicol, 'whié:h

——— .. - °,

L-TD is anWn to be stable and haé even been partially
purified (Davia et al 1961) e .

AU |
‘

3




wefe then incubated shaking at 379, At.é,ﬂGO and

-

150 mlnutes ‘after' subculture, one flask was removed

o & from the shaker and assayed for L~SD activity. The
‘ | ‘assay was ‘conducted in 4 media aS'descrlbed in
. v il
‘ Section B(7)d i.e. ‘each subcuylture was lelded into 4

» K .

pafte which were resuspended in one-of the following
soluticons: ‘MM6.4,” MM6.4 - CaMg, MM7.5 and MM7.5 - ;-

% . 1
CaMg (Figure below). -

3 PR

As above, the 6verni/ﬂ;\culture was assayed in. B

) ¢
the Same manner as was each subculture after 2 mlnutes,

s + as a check on the effect of ghe manlpulatlons made durlng .

preparaticn of tlie assay. The change in this case after
. * . |

two minutes was at most a decrease,of about 7% from ﬁhe

- - overnight values. All subsequent values were compared

with ;he 2 minute value. ’ “

‘ET-A assayed in MM 6.4 ‘ S . .

: , - : . MM 6.4-CaMg ' \

7 - . MM77.5 T

- " overnight ! : ' MM 7.5-CaMg s 1
- Thele % 2 min, 2 ai r 6.4

T . n. passayed in MM
, , I MM6 . 4-Cang
o 5 1 o MM? 5 ‘

N ’Shbcultured 3 mi o
in -Nplg. ¢ 6’6‘%1”” : MMG.4 : { ;
chloramphenidoI , ? <L MM6 . 4~CaMd .

ot

9
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The results of 2 such experiments are presented in v

Figure X and Tables XX and XXI. ' » |
Activity against L-serine, &s measured at pH 6.4 .
decayed aé expected. In MM, by éo minutes only 42%
w . or 31% of the activity at 2 miﬁutes still rémained, ané
§ ' by 150 minutes, only 8% or 16% remained. In the absence

- of ions, the results were similar: 41% and 68% at 60 '
; ! o . > VT «
. minutes, and 13% and 6% at 150 minutes. The the molecule

AN

carrying L-SD activiﬁy appears to be unstable in these

| conditions.

\ LN - Waiesors qrad

At pH 6.4 activity against L~threonine is low C

‘in any’'case, and a clear picture does not emerge. Such .

B . loss of aétivity as is seen may simply indicaée that . '

L-8D has some, thdugh very little L-TD activity. = - . S S

The resulbs at pH 7.5 -are very differentu.' '
, 3 ) ' ! - o )

Activity against Hoth L-serine and L-thrqénine‘occurs"

a

the 2 minute value remained, and by 150‘minutés

1% apa-lsi respectively remained. 'The absent® of
ad little effectz,SB% or 35% remaining aftér.SQ;




Figure X Deaminating Activity Measured in : ' °.
N - . ., . . . @ , - N A’/

: ce Different Assay Conditigr;s as a . .' , ' (

. R Functa.on of Time of InCubation in

A voe .

Chloramphenicol containing Medium

)

.

. .. ) . " 3

Cells of E. colx K 2P were grown id
overnight in -Nplg and then sub- LY
cultured into -Nplg. chloramphem.col ’ .
_ ) whlch were incubated - ‘shaking at e
’ 37°C. at 2, 60.and 150 minutes . .

5 after siubculture, cells were assayed ' e
. . for L=-SD aotiv1ty. The assay was ’
S ' conducted in the followihg. 4 media: -

MM6.4; MM6.4-CaMg; MM7.5; and
. MM7.5-CaMg. Activity was measured
: - against both L-serine (at 19.04

- u moles/ml) and L-threonine (at .

- - '16.80 u-moles/ml) as substrates. e b ‘

- - i
- 1
o . ’ o

Activity 0—® Activity Measured :Ln Mm.s-,
against - = , )
' L-seripe o—0o Activity Measured in-MM7. S-Ca.Mg .

W e
‘ : *——» Activzty Measured in MM6. 4 “ |
. ne o )
I ) B Activity Measured in MM6.4~C . ’
! ‘ < . o .8
y » ) ' . '7 ¢ ) ' - "_‘
e Activity O-O %cta.vity Méasured in MM? 5 o N .
v against ‘ 4 T
*  L~threonine A—aA Act:.vity Measured in MM7 .5~ Caﬂg S Y

*Activity Measured ig MM6 . 4

Activity Meueufed 'in MM6. 4-:(3;’!719:’ .



T Y =1 T T T - 1 T
‘ . 4 0
& B . : -
7] 172
= co = :
:f i
T d= ..o .
I | B |
B A T B . ) ’
§ ‘.
. < . . |
- ﬂo;.. - . ~A cr
. . 4 ‘
.ﬂ ] .. ;ﬁmwﬂmm
. ". M L \»
o .. £
. . ~ \\l:
1 1 T 1 4,0
) - ) ~ -, n - m o ‘




‘Table XX DBAMINATING ACTIVITY MEASURABLE IN DIFFERENT
ASSBAY CONDITIONS AS A FUNCTION QF TIME OF
INCUBATION 14 CHLORAMPHENICOL~CONTAINING MEDIUM

Exp: #1(a) Activity|against L-serine (um pyr/mqg. prot)

ki

Tima of Assay ...Assay Conditions :
MME.4  MMG.4~CaMg MM7.5  MN7.5-CaMd
After overnight *
growth 2,42 3.54 5.24 5.9%
-~
2 min. atter .
subculture 2226 3.74 5.54 5.89
60 min. after
subculture 0.98 1.8%6 3. 3".10
B30 min. after
subculture 0.20 ,0.61 1.9\5 2.2%
! 2

) Exp. #1 ) Activity against L-threonine (um pys/mg. prot}

Time of Assay * Assay Conditions
. WG, 4 HH6.4-Carg wutf.S  MMT.5-Calg

After overnight

growth 0.30 0,57 33 2.54
2 min. after '
subculture 0.4 0.46 1.66 2.27
60 min, after '
subculture 0.16 0.18 1.91 N 2.38
hse-win. after :
1 ] ture ] 0.09 1.5% 2.21

Exps #2(a) Activity against Le-serine (um pyr/mg. prot)

Time of Assay Asssy Conditions L.
MME.4 MM6.4-CaMg MMT7.5 MM7.5-CaMg
After. overnight ! . '
growth ¢ 2.46 4.57 6.28 7.55
2 min. after . o
subculture 3.10 4.4 9.23 10.76
60 min, after . -
suboulture .1.10 3,08 © 492 %.n
150 min, after
subculture 0.50 0.28 1.44 1.29
i / i .

. ‘ .
Bxp. #2(b) Actigity againat In‘thneuhu (um pyx/mg. prot)

’ v

Time of Asgay . Assay Comdttioms ., |
l‘ !

. . . .4 46, 4~Calg MMT.5 MNY.S<Calg |

Atter overnight - . .

0.37  v.8% 2.4 2,80
Imin after . o 0 o o
‘subcultwre 0.3 | 6.58 313 2.26.
‘€0 min..agtar = ¢ L0 ' o
5 _#dbculture

50 min. ‘ageer

S, Y

e



Table XXI DRAMIMATING ACYIVITY uuwnfu IN DIFFERENT

ASBAY CONDITIONS AS A FUNCTION OF TIME OF
gcxxxm:w IN CHLORAMPHENICOL-COMTAINING
DIOM

A}

of Activity in 2 winutes

Exp. #1(a) ' Activity against L-serine (8 r
Z minutes value)

} i

Activity Expressed as Peroenta * Remaining
ure

ning of y7-.

Time of Assay

] subculture

150 min. after
subculture

42

41

13

57

\

)

60 min. after ! T3
Y

>

34
N

53

<~

™38

. !

.

Exp. #1(b)

-

Activity agai

A
{

nst L~threonine (as 8§ remainin
2 minutes value)

9“‘

Time of Assay

3 - u-“ Conditions

A

-

R RN

. % N

M
7 g

TN
et

R

60 min. after ! ¥ ,

‘ 'Y subculture , ' 116 37 115 104
- |150 min. after ‘ ) .

subculture 0 21 93 97

Activity against L-serine. (as % remaining N -
of 2 minutes value)

- ) * Bxs. #2 (a)
Y

v

Bl o el RENI

. + #2(b)  Activity aguinst L<threonine (as % remaining ‘ .y
w) . g ! ) = gfzummmu) . T s

[l

Time of Assay

e

s

A g
kgl
i ‘Q;,'::‘: E :‘;“‘,;‘“‘ RS

N S R 00 e

A .‘&‘ it ?.i‘.«.:ﬁj N

kfg,%-?z. iy

- 60 min. after ’ - - v
4 : subculture k) 68 , 54 35 s
. 4 - « A
a - |50 min. after :
= “ | subculture 1§ 6 --1s 12 ' R
' . e it‘r . o o
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In MM 7.5, by 60 minutes, 115% or 100% of the activity

remained, and at 150"minu£és Y3% or 49% respectively.

- In the absence o? ions, the resu.y:s were similar: at

60 minites 104% or 92% was left, and at 150 minutes -

P
o

.97% and 45% respectively.. :

Thus; when cells were incubated for 60 minutes
j.r; conditions inhibiring protein synthesis, t':herg was
.a 65% loss -of L-SD activity and ’at most a iO% loss of
L-TD activity, By 150 minutes, 80'%qof L-8D acti\?‘fty%as_
fost, and in one’ experiment 50% oflL—TD acf:ivity was
lost, while.in the other, all L-TD activlty was stJ.ll
present at 150 minutes. It is thus clear that 1f\a11
‘the activity against L-threonine could be assayed while
aJlmost ﬁll the activit{y against L-serine was lost, that
the two activities must be\ due to the action of two

d:.stmct enzymes. v ..

It has been prtiously mentioned that both L—SD

:and L-TD may have activity against the opposite substrate.

I MM6. 4 by 60 minutes 37% of L-TD activity and 42 or
31% of L~-SD activitJy remains. This would seem to in-
‘dicate that such L-SD activity as is measured at pH 6.4 .

is a property of L-SD. However, this is not very cléar
| since in MM 6.4 - Cqu 80% of the L-TD activity and

only 130: 6% of I.-SD remaina.'

It is not therefore




. -
.

cléar whether L-SD has some activity'against ’ .
L~threonine. ﬁowever,:*F pan?:s, one S%Fms that by
60 minutes 46% L-SD and 100% L-TD remains, whereas at - :
150 minutes 25% L-SD and 71% L-TD is left. This might

rndlcate that some 25% of L-TD activity is accounted

for by the L-SD molecule and ausimllar amount of L-SD ho

activity by the L-TD molecule. This data is not good’ -

b}

. enough to give this conclusion much strengtly, but 78 ' -
a7 ' . 'y o
these are certainly upper 1imi§s and the real values '
are likely much lower. ‘ o . -
. P . : ]
b \ s . .
” ' .. & - B :
) _ . o _ . R :

"‘{.’g@‘
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. DISCUSSION Y

ti - . s

This thesis is concerned with the characteristics
T and metabolic role of L-serine deamigase. 'Thoggh the
enzyme was described over 20 years ago, it~ha£ been little -
studied and there is little definite information about

————-

&t available. Indeed, the study of the ;;;§;E?§Ef?ﬁ?“--«_‘\_‘;“__;
’considérable difficulty. Thg enzyme cannot so far be e
purified, therefore many of its characteristics cannot
be.étudied at all. Its role is not obvious, and as:-shown
hére, ié'is extremely labile in vivo, paintains a 'high'
basdl level, and can bedinduced by growth in the preéenée , 1

1

) of L-glycine and L-leucine.

The discussion will take the following form. It
{0 will first consider the pr?perties of L-serine deaminase

«

revealed in this study as well as in previous investigations;

. suggested from experimental evidence. It will then

t . then it will discuss the possible roles for- the enzyme as
{ + consider possible reasons for its 'in ivo'lins;abiliéy}

§ &' and the final differentiation between L-serine deaminase o]

| & and L~threonine deaﬁngase. . ' o

‘u & . '

@,;4 R A 'Enzyme Characteristics . ‘ ‘. R
. Among the enzyme Ph&ricteristicg-atudiéd in this . ;yi:}

report were substrate specificity, enzyme inhibitors,.pn'(l

v . o
= o E




o S o 15,

L]

;optimum, cofactor requiremeht, and 'in Vitro' stability. %,
. . . @ M
Ve Since so little is known about L-serine deaminase (L-SD), °

‘ M M ~ . ¢
: ' these studies are still quite preliminary. However, data

®

on such enzyme properties can provide information on the

. . f . v |
nature of the functional groups at the active site, .

) ’ ;

o -
participation of certain functional groups in maintaining

zymes_gpggigig_gg?formation, and eventually, the

enzyme's mechanism of action.

A(l) 'In Vitro' Instability S /

v s

“

\ Normally, to study the characﬁeristica of an ‘enzyme,
it must first be isolated and purified. However,”we have, - = .
found that impossible in the case of L-SD. An atéempt '

- "hade here to prepare a cell-free extract by son@catibn

resulted in almost‘total (82%) loss of enzyme activity.!- X e
This problem has been repg;ted bg\many investigators of
T L-SD in microorganisms. The L~SD of animai-origih is much .-

~ more stable and can survive purification (Sayre and : .

3

»

Greenberg, 1956). ' ' ' S
Pardee and‘Présti&ge (1955) using E. coli Strain

B, found that L-SD activity was rapidly lost in whole or - R
” [ R N

. toluenized cells; e.g. 60% of thé'acﬂivity'was,léét in

'2 ho&ia at 0° and almost all the activity was 1ost'in‘30ﬁ

to 60 minutes in intact cells at’37?. He coulé Qind.dbif‘

v H




©
—

"
¥

o~ ‘ - o /
effective stabiliging Wﬁ, although the addition

of formate helped slightly. ,He therefore &ound it

necessary to use toluene treated cells rather than an

-

. extract. . : N

L-SD activity has been demonstrated in cell-free

o

extracts of Salmonella typhimurium, Bacillus cereus

(Raskoz et éi, 1969), Clostridium acidi urici (Benziman

' et al 1960) and Streptomyces rimosus (Szentirmae and
Horvath 1963) but in all cases, the extraction procedure

resulted in considerable loss of activity. Various

attempts to’ ste.bi:!.ize activity were made. In Salmonella,
the inagtivation could“be inhibited by the presence of
Ir or D- serine. In Bacillus, the rate of inactivation
varied with tﬁe enzyme concentration and a concentrated '

solution was considerably more stable. The Streptomyces

enzyme showed a relation between pH and stability -

the rate of inactivation was lowest at pH 7.5, but even
at pH 7.5, the enzyme "was so unstable that at 0° activity
decreased 50 to 70% overnight. .
| ,In 1949, wood and Gunsalus reported a partia.l(.

purj:fica.tion of’ L-SD using cells of E. goli Crookes Strain;

which were broken not by sonication , but by a eycle of
‘freezing, thewing and autolyaia. The purified enzyme vwas

extremely labile. Duri.ng the assay. enzyme activity was

tdt‘i‘aiiy_;osi;,‘,ioy .10 mix_;m;es, "and indeed glgpst te!;gl;g (1ogi:f_,. L




- 117.

"in 5 minutes. Because Wood and Gunsal believed that
L—threonine deaminase and L-serine deamipnase were

| . .activities of a single protein, they con luded that L-SD o

activity caused the destruction of the enzyme. According

to our present view, however, they probably had 2 enzymes,
an unstable L-S‘D‘ and a stable L-TD. The implication of '
these expefimeﬁ'ts will be ta}cen up later. Partial
-purification with a“70% yield was reported by Artman a.nd
Markenson . (1956) . No comment as to stal;é.lity/was
included. h '

1

In the report by Alfodi et al (1969) on E. coli K,
it was shown that L-SD was very sénsitive. to sonication, ‘ K
especi’ally at low enzyme concentratio;\s. It was also
found that the enzyme could be somewhat protected »durtng
sonication by the presence of D- or L-serine after which C .
loss of activity was still :r;ap;'.d. The rate and final
level of this spontaneous inactivation was ’p'ropgsrtional
'to the dilution. It was .found, however, that tl;e' enzyme
in extract would be stable enough to study if assma_tyed-
immediately aft;ar any necessary dilutionsl,‘ and if not
. kept in diluted‘state an}t 1o;xger than 30 seconds.
Alfoldi proposed two possible explanations for
this extreme labz.lity of L—SD., First, the L-SD of E. coli

K;, might be a polymer molecule - made ia.p of _@ﬁbmigs . ¢




. whose disassociation causes irreversible inactivation.

1

‘ [}
Sonication treatment and dilution could favour this

dissociation. D- or L-serine could protect thegpolym'er

state but could not affest reassociation. The sécond >
possibility is that L-SD‘ is associated with some unknown
protective nblecqlé or structure which stabilizes it.

Without such stabilization, "the enzyme molecule is in

an extremely labile conformation and is easily inactivated.
Sonication could result in a Qetachme:nt‘: 6f the eniyme from !
its si:abilizer. Similarly, ~sucf1 a _‘di,ssoczt.atiorhx could be

' } : o

the cause of rapid inactivation in the diluted state.

Again, no ‘reéssociation could occur but D~ or L-serine
could protect against the original Lina’c;tivation. . ’ E
' It has been uobviously extreri\ely difficult to develop>
a cell-free extract system -and main‘t&.in‘\a reasonable level -
of .L~SD activity in it. Pur‘i'ﬁic;f:)ion has thus far 'l;i_een . o - .
imposaible.e’ No extensive efforts were made here to o
develop a working cell-free extract since, for the : ,
' “purposes of this study, the L-serine deaminase assay can
be successfully and well done ’3jn the tqluenized cell |
system. However, if a mo:';:e sophisticated level of ‘study, | T .i;».. g

. is to be done on the enzyme., isolation and purification

is essential. "
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| . . . . A (2) other L-Serine Deaminating Enzymes p
| | 't S :

It is clear that the toluenized_ extracts. contain

3

L-serine deaminating activity. However, since the enzyme

L ' could not be p‘ur‘ifie-d, Yt was important to show that

L-serine deaminating activity could éroperly be attributed !
to an L-serine deaminase. This is partiéularly important E

.

* because several other enzymes.are known to have aci:ivity \]’
against L‘-serine, and the exiétance of a separate L-SD ’
enzyme has been questioned. Among the enzymes that h'ave'
béen in}?licated Arg L-tthreonine deaminase (L-TD), ' -

- tf::&ptOphane synthetase, tryi:téphar}ase, and cystathione ~

synthei:ase. In this thesis, L-SD has been shown to be

, . dist-:inct from L-TD. The possibility that one of the i

"‘%’ . otherenzymes is responsi‘ble for the L-SD activ:.ty measured

) - >

here is discussed beloivl.‘ "

. " Apart from L-SD itself,‘ the enzjme'which has most

frequefxtly ?en’ 'reﬁ;)rted to be responsible for 'the’ -

deamin?ién of L-'seripe is L-TD. It is the most important

to be wngidered since, as deséribed in t{)e Introduction _ N
of this thesis, it is thought by many that L-SD -arid L-TD |

‘ , o are the same enzyme' protein.

L-TD catalyzes the ccziversion of’ L-threonine to
G(-ketobutyqlate and anuuonia. but, in many microorganisms

and animal systema, :Lt ia able to deamingte I.-serine as



S o .
.

' Wood and Gunsalus, 1949, Sayre and Greenberg, 1956 and |

Rasko and Alfoldi, 1971). This is understandable : :
(W
because of the similarity‘in the structures of the two

molecules, i.e. they differ.by only one carbon and .

’
therefore'ﬁt would be extremely difficult for an enzyme
to absolutely dlstlngulsh between the two. The extent

to which different L-TS's can deaminate'L—serine varies.

\ Thus, Lessie and Whitely, studying Pseudamonas,
describe an enzyme with much greater affiﬁity for
L—threoni%e than for L-serine (10 fold more). Simllarly,

b Sayre and Greenberg report only szlght act1v1ty of
L~-TD against L-serine. However,lthe L-TD enzyme
described by Rasko and Alfoldi, Lessie and Whitely,

Wood and Gunsalus, and Davis and Melzer, have such an

£ - ' affinity for L-serine that L-serine acfs as an inhibitof

of the activity against L-threonine. This is indeed the

explanation for L-serine inhibitioﬁ of the growth of

E. coli K.

12

(Cosley. and McFall 1970). The inhibition s
ls reversed by L-isoleuczne, the first enzyme of L~isoleucine ) /

! . blosynthe81s being the L—serine—inhibited L-TD. I ,'

1 : - S
It has been shown in this thesis that two %éstinct ‘ RS

N
. . B M ¢
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cond:l.txons in whlch rapid decay of activity agalnst L-serine

v

- was observed, (at either pH 6.4 or ©7.5), little Qr no
decrease in activity agalhst L-threonine @t pH 6.',4 or 7.5
. . was seen. Had one proteln been catalyzing the deiammatlon

» of both substrates, the activity against both should

have sunultaneous ly decreased.

et

"E. coli in fact makes two dlfférent L-TD's, a . N

! ‘ biosynthetic one (described above as inhibited by L-isoleucing
, \ . and a degradative one (Wood 1969). However, because all '
the L-TD activity measured };ere is stable, it appears |
that neither is involved io measufements of I-SD aptivity., .
Others have also tried to difforentiate L-sY and . ’
L-TD. Alfoldi and Rasko (1969) differentiat’ea three ‘ °
) \ enzymes.in E. coli K5, a:biosynthetic L-TD (bTD) which
entirely inhibited by L-isoleucino; a\. degradative .
L~TD (dTD) which is not . ;mh:eb:.ted by L-tsoleuc:.ne; and

i -

an L-SD. Gells grown in mim.mal medium contained only

bTD and not d4TD. Smce only half of the L-SD activity L -
in minimal grown cells was 1nh1b1ted by, L- :.soleuclne) he - 5
was able to conclude that the other half z:epres\ented'a

specific L-SD. In yeast extract-tryptone only ATD and’

no..bTD was formed. In this rich mediﬁm, L—SD~acti§1i.ty .
was 10 fold the L~TD SE\inty, therefore, only 10% could,
be attr:.buted to side reaotion of I:—TD.

' 4
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"In this study, dTD could not be measured even in S

| i ‘ v »

'ﬂyeastvextract-tryptoné medium. fTherEfore, an attempt to

-induee High levels of d4TD made use of the fact that .
aTD 1s 1nduced in condltlons of llmlted energy supply ‘
(Wbod 1969) CeLls were therefore grown with Lrthreonlne -
" as sole éarboh_and‘energy source. Thoﬁgh these coﬁdirions
were expected to induee dTD;.ﬁo ingreaee in acti?ity agaiﬁsﬁ
L-serine was seen: It yae therefore concluded that the :

PN .
. B B
</'l . : : ’ 'y ¢ ! . i
. v -
.

L-serine deaminating activity measured was/pf L-serine .

3 L]
o . -

"]

‘ deaminase. ) o ) ~ A

.

i

It lS thérefore clear that L- SD and L- TD, both
blosynthet;c and degradatlve, are d;fferent mole;ules.
But,ﬁls L—SD dlfferent frgm other mo&eoules? The three
other enzymesawhlch might be involved were tryptOphane o ¢
synthetase (Crawford and Ito 1964,)tryptophanase ‘ .
waNewton and Snell 1964, Grlffiths and DeMoss 1969) and <

cystathione synthetase (Sellm and Greenberg 1959). .74
- Recently 1t has been shown that the B proteln of -

«

E. coli tryp%ophane synthetase deaminates L—serine -

(Crawford and Ito 1964).. The enzyme tryptOphane L 'i, , :
synthetase con!ﬁsﬁb of f’polypeptide chains ‘made ep of . o
2e((A proteif{) angl 2 @B protein) cha:ms. When complexed, o

thlB enzyme%batalyzes theﬁggnéhesis of tryptophane frbm

indole—3—glyce;ophoaphate qnd L—serine..'mye reaction.;' %fs“;;

takes place in th following two steps: -
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(1) Iﬁable-3-glyceroph03phate--%Indole*'D-glyceraldehyde- -
. 3-phosphate )

(2) Indole + L-serine ====—==3) Tryptophane o

M -~

-~ . -y

The A protein alone can’ inefficiently catalyze

" Reaction (1), while the‘B pfoteiﬁ <an cetalyze reaction

(2) at various rates depending oe the éﬁvironﬁent. When

A and B are combined, the enzyme effieiently catalyZes
"the overall reaction of tryptophane synthesis.. Recently, (
the B protlein has been isolated and shown to possess

the second activity of L-seriee deamination. It appears
that the same site that catalyzes the tryptophane formation :
also catalyzes the deamination of L-serine. In any '

case, the B proteln does not exlst free 1n;tﬁ§‘éell to - -
any great extent, i.e. it is complexed with tHe A protein '

and is thus effective in the overall tryptophane synthesms

\
reactlon but quite aneffective for deamlnatlon of L—serlne.

Another enzyme whlch has been reported to have

p t

L—serlne deaminating actlvity in E.¢Qoli is tryptophanase,

"whlct catalyzes the'degrzdat;on,of Lftryptophane"to d

indole .+ pyruvate + ammonia, as well”as several other- .
‘rélated reactions, including the deaminatxoh of L-serine jl | ‘f\
Q(Newton'et. al. 1955, Newton and Snell, 196f). However, | h
it was found that the rate of L-serxne deamination was V 3: .

only 12% of the rate of the main. reaction di e, tryptophane
.




t

degradation). A similar comparison (15% as efficient)

. was reported for the tryptophanase offBacillus alvei

Griffiths and DeMoss 1969).
s S No determlnatlon of tryptOphanase act1v1ty agalnst

-~

L-se;}EE*Was made in this present study. However, it can
// : be noted that tryptophanaSe is-an indocible.engyme, ife.'
synthesized in the presence of trypfoPhane, which was |,
not added to the media used in this study. It is therefore
. ’ unlikely that this enzyme contributed to any extent to the
L—serlne deaminase act1v1ty being measured.
The third enzyme which is reported to have L-SD
L a&tivity is the cysteine synthetase of rat liver'(Selim
~ and ‘Greenberg, 1959) which‘catalyzes the syntheeis of o . ¢
: cysteine fpom methionine. The reaction is: \)'
h—mathionina*ATP+;ethylﬁ« MaEhylated- &eceptor )
acceptor+H20+p-seripe - (e.g. homocysteine or
: . ] nicatinamide)
voe . + adonosine

. A , . +xketobutyrate+NH +PPi+P i' o !
N , - ' +cysteine o -

14

Evidence has been provided that in the rat liver system,

both activxkles, i. e. L-serine deaminatlon and cystezne

M ;hthesxs were performed by a single enzyme protein, o fg

cysteine synthetase. However, in bacteria,. the above SRR y ﬁ}
’ sgihhway is replaced gy one from se;ine - cysteine m—r T
<methionine and . the enzyme cysteine synthetase does not

o

;ex;at. Therefore, contribution by this enzyme to L-SD Tn?f%
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activity in the system studied here is highly anlikely.
It has therefore been ghoﬁn in this thesis that L~SD is
distinct from L-TD. According to other plpere‘revie?ed, '
t;yptbphéne syntﬁetase ;nd‘tryptophanase, as well, cannot
be responsible for the L-SD aétivity measured. To the

extent that no other candidates exigt, it can be: _

- concluded that Léserine deaminating activity is due to )

. - the activity of the unique,- but unstable L-serine
/ . ! . '

deaminase. -

7

‘N,
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A(3) Substrate Specificity

Enzymes vary in the degree of specificity they show
e

‘with fespeq% to substratea Some enzymes show relatively

| | ‘ 1it£le specificity and can attack a ﬁide range of molecules.

H -~

| : ’ Thus all esterases hydrolyze many different aliphatic -

esters (Lehninéér 1970). Other enzymes work;on,a much

more resﬁricted range of molecules, e.g. aspartase adds

NH3 to fumerate but not to methylfymaric acid. Some enzymeé

| '  recognize only one stergqyisomer th lactate dehydrogenaée |
is specific for IL-lactate and will not attack D-lactate.
Others show geometric specificity,’tﬁus aspartase will
not add NH3 to m&leate, thg cis geometric isomer of

" fumerate (Lehninggr, 1970).

The results Hescribed in Section| I-(l) indicate

that L-SD of E. coli KlzP' is a specific enzyme with

~ s

L-serine aléne as substrate. xperiments of the type

<

described in.this thesis can sho pecificity, but could

4

L not show nbnﬂspecifibity. If. toluenized cells contained
- several deaminases, it would not be possible to

|
| . : distinguish hetween one enzyme with wide specificity '

. e
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deaminated. Thus it is clear that L-SD is not active

P

against the stereoispmer D-sérine, or against the closely

\ highest activity seen at pH 6.4 .was against L-leucine,

-

which showed only 5.1% of the activity against L-serine.
- . It is thus clear that the cell contains an ehzyme with a ‘ 4
-~ specificity for L-serine.

!

In other investigations on the 1~-SD of several

'

‘ related m61ecule (only one carbon more) L-threonine. The
|

P . . .
E. coli strains, as well as other microorganisms, different S
. : !

v degrees of specificity[we:e found. Some studies showed

« al'(1969) using Ei.coli K;,, found that of the 20 L-aming

°

i.a ; strict speciﬁﬁcity‘of L-SD for L-serine. Thus Alfoldi et
L

acids and several D isomers tested, only activity
i > . !

against L-serine could be measured. Similarly, the

| L-SD of Salmonella typhimurium, Bacillus cereus (Rasko '

Ny et al 1969) Streptomyces rimosus (Szentirmae'agd Horvath!:

, 1963) and Clostridium acidi urici (Benziman et al 1960)

, =

-were all strictly specific for L-serine.

However, in a study‘done on Bacillus alvei ) :
: . - (Griffiths and.ﬁéMoss 1969),.tﬁe L-SD‘of‘that organism - .; w
;; ; o 'appearg;tG/;;—I;:; séegif£C. ‘It was feported thatwa!the ‘ //;/);/f
’ . L-serine an.alogues, the f- phenyl derivative, 6¢ DL serine, ' - x
could be deaminated ;Iso;\bﬁt only 54% as'effidieqp;y as
N .. L-serine itself. Thig lower efficiency migﬁt“bg a’

. »

o o
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'L-8D's show spedificzty, mammalian enzynes do not. Two
.microbial L-SD are" reggrted to act on both n-aarinenané

© v 128,
characteristic of‘the enzyme or ﬁight be dﬁe to inhibition
by theg D isomer. ' N

Some reports indicate L~SD to bg sufficiently less
spécific that it canfact on both L-serine and L-threonine.
This was the case in both Crookes Strain of E. égli
(Wood and Gunsalus 1949) and &Q:NeuéspOra (Yanofsky and
Rassig 1953). It must however be noted that the authors
of both these studies considered thaé there was only. »

one enzyme, a deaminase which acted on both L-serine and

L-threonine, since the activitles of both were inseparable.’

¢
N

-This ‘'was also once thought true for other organisms .

1nc1ud1ng E. coli, in which, as has been shown 1n'thls .
the31s, the two act1v1t1es can now be separated as two
dlStlnst enzymes. Therefore, if a method of separation
could Be:dgveloPedlin Crookes Strainxof,g. coli and

Neurospora, it might be seen that L-SD is specific for
3 ! .

-L-serine, as seems to.be generally true in microorganisma.

-

<

In contrast, the L-SD of animal origin can-usually"
deaminate L&threonine as well as L-serine, e.g. in rat

liver (Gojdstein et. al. 1962) but there are some, e.g. .

sheep llver (Sayre and Greenberg 1956) in which the.
enzyme is L—serine speclfic.

., ' One can’ therefore conclude that most diérobfal
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L-thgeonine. ‘These however may yet prove to be sepérable‘

=

pdssiﬁly even by’ using the phenomenon of differehtial'
) -

\\iecay descriﬁeg here.

, Apart from its interest as an aid fn characteriiing Y

.o , .
an enzyme, an enzyme's substrate specificity gives some’ '

.indication as to its éfobabiy.mechanism of action. A

0y

; geperally écpepted hypothegia?is that the substrate

moledule,‘or part of it, binds to a complementary surface

(the active site) én thefenzyme molecule. For this to

be possible, several structural features are important

3 4

-

» to both substrate and enzyme. The substraté molecule

2 o

_ v .
must pgssess the specific chemical bond or linkage that

can be attacked by the enzyme, as well as somé

functional group(s) which bind to the eﬂzyme and

prqperly orientates the éuﬁétrate molecule on the

$

catalytic site; The enzyme protein molecule must be °*

‘. held in a folded configuration in such a way as to bring

\

"toqether the éssenfial groups (often from different

paris of the molecule)yto form the actiée site. & 4

The 'Induced Fit' theory (Lehninder 1970), based

) on a study with carboxypeptidase proposes thét.ﬁyex

‘enzyme's 3-D conformation changes as it binds to the

substrate.. This 'induced fit“produces the precise'i

. positioning of the catalytic site and binding groups ‘ﬁ;,

’

héé@ed'to cause the reaction. ‘Thﬁdv‘it‘h§s~beeh showﬁz ‘“ﬁ'””'”’




e

. u#hg phosphoglucomutase (Yankeelov and Koshland 1965)

13Q.

that the substrate itself, in/this case glu -6-
phosphate, induces conformational changes in{the enzyme

. I's ‘." v °
protein.

The above evidence could help explain substrate
specificity. Enzymes can usually exist in several
different conformations, yet generally only one is
catalytically active. Since the achievement of the

exact conformation is so crucial, and since certain

.molecules (th¥ substrate) could determine’this confor-

mation, it is understandable that an enzyme might be
extremely specific for one substrate, if, i.e. this .
substrate were the only one which could brlng about the -

formation of the precise catalytically active conformatlon.

.Where an enzyme‘ls active agalnst more than one substrate,

'\s

its relatlve efflclency against each can be related to

_the dlfferences in chem1ca1 structure between the

.

substrates. This can be used to analyze the mechanism
of action of the enzyme.' Unfortunately however, this was
impossible in the case\of L-SD sxnce theﬂanzyme was found

to be strictly specific for one substrate, L—serlne.

b - |
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A(4) Cofactor Requirement

The function or maintenance ofhthe eﬁzyme-
substrate complex may also involve other compounds "known
as cofa@tors. Thii chactor may be a metal ion (e.g. Mo ‘o
in nitrate.reduct;;e) or a coﬁ;lex organic molecule
(coenzyme) as 1ipoie.acid. .More than one may be, '
invol&ed,‘e.g. pyridoxal phosphate (PP) and THf
(tetrahydrafolate) in serine transhyd;oxymethylase
(STHM). The cofactor may serve to bind substrate and
enzyme or may be part of the cata}ytic group itself and
may ther;fore be an absolute reggirement (e.g. iron
atoms of éétalase which'aeéomposes hydrogen peroxide).

B

Coenzymes usually function as intermediary carriers of

electrons, of specific atoms, or of functional groups
that are transferred in the overall reaction, e.g.

the heme group of cytochrome C (Lehninger 1970). Some

.
\

coenzymes are very iightly bound to the enzyme molecule
and are usually called prosthetic groups. )

. Examples‘of both cofactors and coenzymeé involved
»in‘the activity of L-8D in different ;rganiqms,wiil be ‘
'seen helow. ‘éofactor stitidies present the same difficulties-
as specificity studies. In a nonpurified system, it is‘

L}

difficult to diétinguish-betweep a_nohrequlrement,for .

A

z { . x S
cofactors and a requirement for a cofactor which 48 so

!
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-

tightly bound to the enzyme that the%quirement‘

cannot b{ demonstrated. Thus PP has been shown to be
agcofactor for the mammalian L-SD (Goldsteih et ak
1962, Sayre and Greenberg 1956) and was the];'efore _
‘tested in .the present stu;iy. PP is the coenzyme of the
transaminases and other reactions includuzgqamlno acz.ds.

It funct:.ons as the carrier of the amino group from an

*

amino acid to a keto acid (Lehninger 1970) . . n ( |
. No effect of PP;aédition either to the growth -
medium or the assay could be seen. This could mean ‘
simply that PP ie not involved in the ~"sreaci:iorlx.’ Other
experiments reported in SectionB(7)(d) allowed no .
clear conelusion.. In those experiments it could be
seen that the ‘lewel ”f L--sl\) ‘assayable depended on - I .
both t}ie pH and ’theC.ons present. At pH 6.4 in the pre—
sence of C ++ and Mgt++, a depcrease :Ln act:.vity was

seen. Activ1ty could be restored by exogenous PP.

It therefore seemed 1ike1y[ that L-SD is a PP requﬁring_ s

enzyme. However at pH 7.5 the effect of .ions and
exogenous PP on activity 'against, serine were-not ‘
consistent. This was probably due to the addi®¥onal T E

involvement of other deammases (e.g. L~TD3.

, ‘ However, other coenzymes could also be am;icz.pated, - .
~;“ . and in additj.on to PP have been tested in various

o ' ‘organisms The L-8SD of several Orqaniams appears to;\sg
have’ no. cofactor requirement- ' In tolgenized cel].s og” "“’: Lo
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-

g..ggli Strain B, adenylic acid, glutathione, Vitamin
312' biotin, PP and Mgtt were all wiE?out effect (Pérdee_
and Prestidge 1955).
) l In sonically treated cells of E. gg;i K;2
(Alfoldi et al 1969) ATP, NAD, PP, glutathione, and
Vitamin B;, had no effect. (A point of confusion existshl
here since the author concluded no PP requirement, yet (—3
Rasko 1971) includes PP in the assay mixture, apparently -

believing it to be a requirement, but giving no.

. K3 o
experimental reference as to why). Similarly, sonically

‘treated cells of Salmonella typhimurium and Bacillus

¢ s
; .+ a subsequent report by the same author (Alfoldi and
|
|
I
|

‘cereus (Rasko et al 1969) and a partially purified L-SD

of g; coli Strain B/r (Artman and Markenson 1958) had | .
 ’no apparent cofgc&or requirement. Howévef, since ali

of the above studiés did not use purified enzyme

systeméi the results are therefore opén'to the éreviously
. : stated objections. a.

" On the other hand, several studies have been
able to show L-SD requirement of various gofactors.

L 4

* PP has most widely been tested. . Above were mentionéd

several enzymes in which no PP':equirqment could be.

\ 0

demonstrated. This was also true for*Clostridiuﬁ

ay

‘i; . ‘\(Bénzimgn et al 1960). Howeyer, inrbdth'tﬁe toluene
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| ' treated preparation 6f Bacillus alvei QGriffiths*i'deuess-l9 935 da

in Neurospora (Yanofsky and Reissig 1953) addition: of

PP did stimulate L-SD activity. ) ,

. . E 4 A :
@ The PP requirement of Streptomyces rimosus

¢ ’ ..
'

(Szentimae and Horvath 1963) is not ‘elear. The fact ’ -\

o “ that the L-SD activity of this organism was inhibited \
' by aminothiols and ketonic reagents indicated fhag PP
was the coenzyme. However, erogenous addition of é;“ p ‘
had no effect. It was therefore suggested that (as

(.
discussed prev1ously above) no PP requlrement could . -

|

|

|

|

|

|

|

|

|

}

|

l

|

t |

be shown due’ to the tight binding of endogenous Pg to "' : -

) ) the enzyme that was not released despite extraction. i \
- ' c The eﬁfect‘of glutatﬁioue (GSH) on L-SD ) X

activity hés also been invesﬁigated. Above it was - ‘/
seen that the L-8D of E. coli Straln B (Pardee and | |
Prestldge 1955) and Straln K9 (Alfoldl et al 1969) 5. e

l had no GSH requirement. This was true as well for . i »

ROy . Neurospora (Yanofsky and Reissxg 1953). o

Jr e

However, the 1L-SD of both E.'cqii ‘“Yookes Strain

" (Wood and_Gunsalus 1949)’andﬂclostridium (Benziman et

al 1960) did show a GSH’requirehent for'aétiﬁityf

\ - Gluﬁathionelfgrms eomplexes with heavy metals, and also’

' acts as s reduoing agent. In the- case-of Crookes Strain,:f"

sinoe other complex*forming agents (bipyridyl, ~:f“




'_w ~ . <

. ‘;hydroxyguinonline, histidine},pyrdphosphate,.and gum : "o
arabic);wére without effect, it was therefore suggested- -

: ' that glutathione was acting in its role as a reduc;?g_

‘ > agent, rather than a heavy metal inhibitor. . This

. . .+ ‘indicated the presence of oxidized functional sulfhydryl
- groups on the enzyme. _Tﬁis wés'further ‘supported by the =~ °* . -+
;. fact that the ehzyme was inhibited’'by 10~ 5M mercurlc, .
- silver, and cupric ions whlch could}hét be xeactlvated i
\\/> by glutathione. " | ‘ '

Ip,Closbr{Aium, glutathione was found to activate

' L-SD at high concentrations. Acéivity was greatly | ‘“J
inczeaséd‘by hydrosulfite, (an ‘enzyme reducing agent “ l.‘ . w

, ] (Dixon and Webb 1964) which also strongly sugéested L .

‘ that reducing gfoupé weré essential for L-SD act&yity..‘ ’

- ‘e Thls requlrement, together,w1th the fact that L-SD ' - :v

- ' was lnhiblted by sulfhydryl blocking agents (Seetlon S 4

P " A{(b)  suggested the presence'ofvfunctlonal sulfhydryl o |
PR groups on the active enzyme. - ' ' I.f,

e . In several studies on L-SD, a requirement for

L .- various ions has alqp'been found. I a toluene’treated.hi ' A

B Y

preparation of B. alve1 (Griffzths and deMoss 1‘69)

the monovalent catlons R+, Nnt, Nat+ were required for ‘.f

REI Ot A

enzyme ac;ivity‘ Iq a similar preparation of -

AL

Gt
PN
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0

. ' 'Arthrobacter élobiformi‘s (Br&dgeland and Jones 1965‘)

. L - no cations were -needed however, in a cell free extract

e ) - of that organlsm, L-SD activ1t57 required the‘ addltlon , A
.t e , of Mg""“ catt, K"‘ or NH"‘ . This again\indicates the

_ ‘ importanceiof the type of preparatlon used for- = .
-"' -'m, . LI dem%hstratl,on of cofactor requlreméztt The L—SD* of .

\ . Clostrld.:.um (Benz:.man et al 1960) was activated by fa

&, a (%)
-”—:;‘ - ferrous iron. Mn was only half as effectlve as iron,

} R - while Zn and ‘Mg had no effect., s e
3 ‘ \ * , * : . L3 s ,
N . Ca Compqunds also tested have been biotin, which O
‘ - - . > - t ! *

- » h'a°d no effect ‘in Nelirospora as well as E'. cg 1li B; AMP

L (adenyliag a01d) Wthh was required for actlvity in’

e, ~ o
A

. ' . ,g. coli Crookes Straln and- ade(nosn.ne-S-phosphate., wh:,ph o

| }/ N ’ .t had no é%fect in Nepresporam ' , ’ ..

&

e It can therefore be seen that in the range'of

N CA ) C T
P T ﬁ meroorgamsms rev1ewed, a. varlety of different cofactor

. Yo requlrements has been shown and used to determine some {
¢ -0 b features of the enzyme molecule. It has h wever been
A ) \ R
. .

z - ' ~pointed out that there aremdisadvantages in such a

; v "study ‘to uysi'ﬁg,lcrude pr even partially purified ‘e_nzymaes .
. ‘ L ] — ’

ﬁec’aus\ejof the possibilities,that _saturation, levels of " . h

S cofactars hayehave femained bound to the enzyme- deSpite .

“

. . cofactor may a ready ex,:.st in the preparatn.on, or that
’ .

. extraction treatment. It i eoncei’%lable that-the cofactor

n

re‘uxrement of’ various organfisms can be different. oL

- b ¥
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* A{5) “The Effect ofxﬁg, . .

’ - 4 L .

The activity of any given enzyme varies cohsﬁderably 3
with the pH:of its enVirpnment; Enzymes are proteins ‘
‘ containing many ionizable groups and can thus exlst ie
a series of different states of .ionization. The ameunt
6f each state present depends on the bH;' Most enzymes
have a characterlstic ;% at which .activity is greatest,
above or below this, the ectivity‘declines. It is -
‘there:ore 1mpor§ant to establlsh the proper pH at which

&

act1v1ty can be maximally measured., o : : . N
\ The experlment; described here do not allow the
. deiermination of the optiﬁum pH for L—ﬁD. The problem
M is the same for epecificity or cofactor studies. As the
‘ | pH increases from pH 6.4 to pH 8.0, activity against ‘ .
L-serine does increase. However, a:new activiry against '“ i
K‘ s . L-threonine (LTD) is also measurable at the higher pH. a
| © °  1In the erude extract system, there is no way of dis-
tingulshing the extent to whlch each enzyme is actlve
- at the higher;pH. At pH 7.5, both L-SD and L—TD could ‘
' be measured. . At.pH 6.4, whi'c/h is also the pH at which . .
the cells were grown, ohly activ1ty against L~Serine - | ‘

- g et could be measured. ‘Cells rowing at pH 6. 4 may well

‘-eé

" have both, activities. o ' RN

.
° ‘ i R
. . 3 4 B ' B N 1

. . , .




' Ir‘:dee‘a,.,the internal pH of gréwing ce

be different from th e medium in which they -

- are suspended. However, the toluenized cells no lt;nger’ ’ g
, can maintain \a different pH and are in fact more like
an extract in thig respect. Nioreover , the c‘:p'i:imum pH ot
of an énzyme is not necessarily the same as tl'{e pH of
°ivts'normal intracellular environment, which may be at
a point where a ?articular enzyme, would be far below" or
) * approaching the activity at its optimum. This, in fact, -
- may bé a factor in intraceilular control of enzyme ’ : *
. activity (Lehninger 1970). '
‘ . Other reports on several strains of E. coli have

indicated a range of optimum pH for L-SD activity from

PH 7.2 to PH 9 (Alfoldi _é_i_:_ al 1969, Pardee and'Prestidge i

1956 and Wood and Gunsalus 1949). ,A very similar range

. has been shown for the L~SD of other microoréanisms' , :

(Griffiths énd deMoss 1969, Rasko et al 1969, Szentimae o

and Horvath 1963, Benziman et al 1960 Yanofsky and .

. Reissig 1953) as well as the L-SD of animal origin . L

L ' (coldstein et al 1962, Selim and Greenberg 1956). None'

of. the above reports consldered the possib}e participationf

of . L~TD m the actlvity being meaa}ireg It must,.

hdwever, be noted that this ‘present study and previous .

‘ reports (Davis qndxnetzlgx.lasl,4991Qnt91n§gg,g;_;qg;.;

Al

. . 1l
» 4 vy . \ ©



‘very useful in any subsequent studies of L-SD. L \\

) ~ | 149, !

(Sayre and Greenberg 1956) have shown that in that pH ' )
range (i.e. above pH 6.4) L-TD is active,‘and further,

it has previously been shown that L-TD can act on

’ L3

L-serine as well as L-threonine.' (See Section A(2)).

’

., The queétion‘therefore arises as to wheéth
reportb‘quoted above actually represent descriptions
of L;sh activity alone:. It is possible that an over-
lap .of the two activities hés been mgasuréd since their
since their similar properties have made i£ extremely
difficuit to separate them. It is because of this
that theéy have often been considered as one enzyme
protein (Introduction of this thesis, Wood and Gunsalus
1949, Yanofsky and ‘Reissig 1953, Goldstein et il_ 1962)
A ‘method however will be described below which
uses ;the information obtainathere(i.e. that L-TD is
inactive at pﬁ 6.4 while L-SD is stilllvery active)
fo separate the two activities and distinguish tﬁem aé

two separate enzyme proteins. ,This method could, be*
%

'S

3
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A(6) Inhibition of L-SD Activity

I?hibitor studies can be used in the same way as
specificity studies. to analyze the mechanism-of.action

of the ;nzyme.?)Recentlj, they have also taken on a

physiological importance in terms of regulation of cell

metabolism. . Thus one would wish to deternmine what

compounds inhibit a given enzyme and characterize the

nature of the ;nhibition. : i

~

‘Inhibitors afe known to be irreversible and re-

versible. Irreversible inhibition usually-involves the

- 4

‘destruction or modification of one or mere of the

functional\groups‘of the enzyme. Reversible inhibition

can be pompetitive, where substrate and inhibitor

compete for the same site on the enzyme, and inhibition
can be revetsed'by increasing the substrate concentration;
. (‘b . .

6r.noncompetitive( where the inhibitoér presumably binds

at a site on the ‘enzyme other than the)éubstrate
blnd1ng site, but a site close epough to reduce the

afflnlty of the enzyme for the substrate. The non-

competitlve inhiblto; may bind to the free enzyme, the

'enzyme-subatrate complex, or both, and cannot be l,,«

reversed by inereasing the substrate concentratio

Some inhibitors influenca a wide varzety of . ¢ ...

i

;'enzymes, .g. heavy metals and compcunda reacting with
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SH groups. These tend to be compounds which react
generally with protein molecules. Other inhibitors
are more specific to a particular enzyﬁe. This class’ R

—— )

e of inhibitors is more useful for phxsiélogiéal studies. o

, . The mechanism of metal‘ighibition is not entifely’ 49‘
élear. Many enzymes are known‘to be inhibitea by metal
ions. One would.therefore expect that the'metai ions
rgéct with prbtéip mglecules/general}y. Metal ions are
known to react with thiol and carboxyl‘gfoups and eveﬁ

amino acid residues. No general rule can be formulated

and the site of inhibition in the L4SD studies is not

known. (Lehninger 1970, Dixon and Webb 1964).

In Streptomyces rimosus (Szentimae and Horvath

\ . .
1963) Ag, Pb, Cu and Fe, at a concentration of 10-6M .

were inhibitory. In Neurospora (Yanofsky'and Reissig

1958) Cu++, and Zn++ at a concentkation of 10™3M were
. 2 D

>

partially inhibitory. The L-SD of Clostridium : T

\,
\,

« ° °_  [Benziman et al'1960) was also inhibited by heavy metals.

|

\ \

| ‘ * .
\

)

\\\As stated above, the mechanigm of the ihhibition is

\,
P hgt clear. 'In Crookes Strain (Wood and Gunsalus 1949)

-

oy L-Sq<jas inhibited by 107°M mercuric, Bilver and cupric

ions.\ This was discussed in Section A(4) in relation to - b
cofdctofi. o ) T B c
! : L—§h\activity\h§s.also been shown to be ajfecte&,”lj
. . .y \‘ . () . .. o “ N
! ’ 3 \' ’ 4 - ) ° ‘ ' ‘ j

4 P N o - P . e
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' by SH blocking'rehgentsl(Benziman et al 1960). ?hese
- réageﬁté reversibly combine with the SH o?‘éystéine : ’ |
residues that are essential for’the'catalytic action
of some enzymes. Th;s was discussed in Section,5(4)
since .it led to the cénclusion that PP is a,cofactsrw
) **. of this enzyme.
The preceeding inhibitorsfare not specific for
o« - L-SD, but, are,known to affect many enzymes. More
| specific inhibitors have also been described. ° In
. various strains of E. coli L-SD was shown to be inhibi%edp
by ;;Glycihe (in Strain B, Pardee and Prestid;é 1955)
D-serine (Pafdee and P}estidge 1955) Strain B; Alfoldi
et al 1969( K__; Wood and Gunsalus 1949, Crookes Strain)

12 .
_L-threonine, (Wood and Gunsalus 1949, Crookes St.) and

¢

i

'

L-cysteine (Alfoldi et al 1969 Kj5), In the most

comprehensive  report, Alfoldi stqdiéd.the effect of all

"L-amino acids, .some D-isomers, DL-homoserine and

.

ethanolamine. OnlyiD—serine and L~cy§teiné had an
effect, ~glyqine vas one of the compounds which hqd né’
effé;t. ! |
P In this study, D-serine, anay{.glycipegﬁifzgafx‘}Q'

Lx3
°

. S A5}
have all been shown to inhibit the enzyme. Similar.

! . ' results were foppa in other microorganisms. IL~5D activity'

.- . . .was inhibited by D-serine in'Salinonella typhimurium¥ i .
.i’i. ‘ N :‘ ! . \ * - e Attt .
kY N . N . . .

#

, -~

tr
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and B.cereus (Rasko et al 1969) andfin B. alvei
(Griffiths .and deMosa 1969), and Lecysteéine was found ' 2
. ' ot be inhibitory in Streptomyces rimosus (Szentirmae R ‘

° r ¢ 4

and Horvath 1963) and B. cereus (Rasko et al 1969).

’ ! o’

;o 1 The L-SD of B. alvei was also 1nh1b%/?d at high substrate
) concentratlon, and this was shown to be directly due toﬂ
’ ' substrate inhibition rather tha?‘;ndirectly via pfoduct
:accumulation.’ : oo ‘
. . | Thus, most authors agree on the effects of

D-serine and ‘L-cysteine however, there is no.concensus

. -

with . glycine or L-serine itself. 1In all cases, a
,_mechanigg\bf'competitive inhibition was suggested, i.e.

beceuse of the similarity in chemical struotﬂie with . ]

L-serine the inhibitory effect observed by for exambie
- D-serine. or L-cystelne or . --glycxne, can be understood

in terms of a competition w1th L-sarlne for the active
_site on the enzyme. Moreover, no regulatorf role is

pa . '

|

N : .

- obvious. - o - ‘ s
‘ . . ,

|




of E, 9 1i studied here requ:.res, in addition, only
" except L-proline,’ and all the cell's energy requiremexits

.minimally. supplemented condi;tions do not contgin the
metabolism'. A deten'nipation of L-SD activity in cells

"the celle\7a81c metabolism'

.7 , . 14s,

»

B Metabolic Role(s) of L-SD

Since L-SD has been studied so little, its = — ————

metabolic role has not-thus- far been known. 1In thls

e 1

thesis, to investigate the possible roles of this »
enzyme, studies were made on the effect of inorganic
N, diffexent “carbon sources, and specific compounds )
(ff):r: exa;nplé amino acids) on the -enayme level. The

significance of these results, in terms of possible

metabolic role for L-SD, will now be discussed.

B(l1) Basal Level of L-SD S N
E. coli can grow in an -inorganic medium | |

supplemented only with glucose. The particular strain

L-proline. This means that all the cell's metabolites,

ro,

can be met from glucose. Cells gx"own in- these ,

!

enzymeB-galactosidase. It is therefore concluded that

this enzyme is fnot involved in the pells ‘'basic

grown in ‘minimal medium with glucose axid L-prolirie in

the same’ way can indicate whether L-SD is involved in

PN

v P P ‘ R ¢ 4
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In this study,‘ the basal lefvel varied from 0.35

to 0.94 um pyr./}\g.prot. (average 0.65 um pyr./mg prot.)

Therefore significant amounts of the enzyme seems to

exist. One would like to compare these rESults with . ° .
c,those of other 1nvest1gators. However, only one other
‘report on L-S'D (Pardee and Prestldgeﬁl955) determined = '.
the uninduced enzyme levels. 1n E. coli. Pardee made
"use of’gly'cerol-grown cells, but tlf‘le results were, no / S
different from glucose-grown cells. Moreover, values .
- , from that study cannot be‘ directly compare‘d‘ with thoge .
obtained pefe due.i;o the fact that the units used in the . ,." ’
7forme:; (mu .moles/fnini) did noé include an accurate
measurement of the amouht of protein involved and

".therefore can not be interconverted with the units used

.

vt

here (um pyr/mg.prot,/35 min.). Nevertheless, some
' indication of {:he relation between the results’“of both
. .studies can be obj:ai;ned'by comparing the diffe;enceer»}
between the noninduced (basal) "and induced levelé in .
each calaé’:

. In this study, the ‘average neninduged level was
0. 65 um pyr/mg. prot., and the average induced level 'x ) ::*’.
was 2 54 um pyr /mg. prot.,; giving a noninduced/;\.nduced , . . g“.‘».'.','-:j

’ rait:.e of about 3. In‘the study by Pardee, the -bes,al

level was 0,7 mu moles.keté acid/min., and the induced BN



'level ;vaw - 8.8 gi\;ing a noninduced/induced ratio

t

of about 1/12 to 1/7.

] %
. It is clear then that at least the varlatlon

between nonlnduced and 1Aduced lévels in these two
studiés is about the same, though the absolute values
cannot be compared. The thent of thls var:.atlon

has further significance. x-\)rhis can be seen by comparing
these res_ults to a 'typically inducible'enzyme such

[

as D-serine deaminase ore'-galactosidase.
The report by Pardee'incl’uded a study’of1 -
D-ser:.xie deaminase, which deaminates D-serine to
pyruvate and ammonia, and is; induced by D\rlne. it
_was found @ have a noninduced level of 0.08 mu moles
keto acid/min. and an induced level of 16.6 mu moles/min.
~giving a noninduced to induced ratio of 1/200." Even
more striking 17 the .example of 3 galactos:.dase which
cleaves@-galactos:.des such as lactose to glucose and
gslactose, and is induced by growth onQ—galacfgosides.
Its ‘noniuéuoed to induced ratio is about 171000
(Watson 1970). Thus a “typically iriducible' enz'yme
would be expected. to havdea basal level that was
almoét negligeable in co arison 1}:0 its induced level.

It is probably because of ‘this that a discussion of the -

basal level :of an ‘-znducible_e%zme is rarely found.

g . v

4

-~

‘¢
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‘ ‘ ‘It .there'fore appears that significant amounts .

- 'bf L-SD do exist in the celland that there is relatively

. . .

% little variation between noninducing and inducing ‘

a

: conditions. This may mean that the best inducing

. © conditions have not yet been.fouﬁd, or, that the enzyme :

’ " is.so essential that its level can never drop vefy far. .

s

Lo Such variations as do exist in the different gfow}h ' '

conditions can however shed light .on the metabolic role . ¢ -

. ‘of the enzyme,'as will be seen in the following 4 .

- discussion. .o ‘ .
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' contain more L-SD activity than cells grown in an' excess

Vanat:.on in enzyme actlvn:y was seen.' It later becamé ‘_ LA

.-dn rigure VITindicate - ‘that a level of about zso ug/ml

, ' oy ) ” . 4 T 2

B(2) The Effect of ,Inorganic. Nitrogen . - RN
It has been shown in this thes:,s,.that, var:.ous

condlta.ons affect the level of L-—SD measured. .One of

these involves nitrdgen nutrition. It is clear that

cells grown in medium to which no inorganic N is added

of morganlc N. Thus, the levefl of L-SD activity in

—Nplg grown cells was up to 5 t:.mes rh:;gher thm qells. -
grown in ‘rl:Nplg o Bince orLe product. of; thet,,L—SD neaction is’
ammonla, it :e s reasonable that the enzyme mlght have -

a role in N meta%bollsm. This might be to provide the

cell with an inorganic N source, at least when othe

sources were absent or insufficdent. It might also act ’ / e
ds a valve to get .of excess organic 1\;‘.

' Two attempts were ‘made to_ehow,a direct . _ - 4 .-ii
felationshi_p betweeu,the levels of inorganic N o . ‘
.available to the cell,.and L-SD gtivity’.' In the. ST TS
£irst, cells were grown overnight with 500 -8000 ug/ml. R g
ammonlum sulfate. This range was chosen bécause MM+N

conta:.ns 2000 ug/ml. In the range tested, little _ . . "

- s L N
f .o

obvmus that even 500 ug/ml.’ amuom.um sulfate is in Coe T TR
- € N ‘. o :‘~:f‘~,3‘3‘

excess of the célls requirements. ‘ 'rhe results plotted PR PR NLE
« . TN ‘q

ie aomewhere near satura,tion for ammonium sulfate.



. “
> . s - s ~

Mbredver, the cell can: efficiently scavenge evén'tﬁe B '_' )

R " trace lmants of N, available when no amﬂ nium sulfate o8
) % . N '

iy added. kj ‘ : ' . S .

7

. ; . The question was therefore investigated in anothez /

T 3 ¢ [} '.- R N -';
- ways 'Gells were incubated with limiting ammoniuin sulfate

and the amount of L-SD'measured before and'after the

. [ (\
S o |ammon1um sﬁlfate was exhaﬁbted. A” 31mp1e hypothes%s .
' » e - s
i whlch says that as 1norganlc N 1s decreased, L sD fi\’ ’ . .

%FEormed, is excludedaby the d\%a obtained. However,'

L ‘ I

" 'y ) v\’ ! '
.c*u, '_—Egﬁ6§tﬁaii values obtained for L—SD act1v1ty in that o

o ., -
N

vexpe/dment were hlgher than .thedvalue in

~,

I
the preculture and 1t appeared therefbre that the enzyme
-

.
v,
L4 5

.

was induced earlier after 1noculat10n than was antlcapated. b

'Thds‘tpereals a clear,relatlon between N nutrltlon and -
L-sSD activity. IL-8D may be regulated, according to the

- ! rTy - . ..

. availability of inorganic N. "‘ : e

’—?ii. i It daQﬁaiso'be that.LesSTis correlated ﬁote witﬁ} )
“the 1eve190f organic. N than'that of inorganié N. - This '_ oy
may be why j g1YC1ne and\p—feuclne 1nduce L-SD evéﬁ"lk“ - SR

-

. in. the présence of inorgahic N.. However, this. cannot

1nvoTVé all oxga ic thtng not _all amino ac1ds induce, *’ .
/'/' o e e

“’lﬂslt may then be that he- level of 1-SD is keyed to the A a

concentnatlon of .sofme fic organlc N compound# s o

0 \ ;
and cdpld &ven be that its role is imn. detoxifmcatlon -

. < »
& - -’

i. e.ﬁthe ellmlnatlon of excess L—serine. - S

L]
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" In this %?st experiment, some inductiop by +N

. v
.
v . .

o

L

~

'+ was ‘seen, .but the-final enzyme' Ievel was still ‘quite
low. There are no figures to compare this value to,' I
since cells do not grow in —Np.. To the|extent that ' ‘\S

“k~* .gl © . tﬂe value measureﬂ seemﬁ“low, one could make the

- . B -

. " . following argument. ‘ ’ o -

-

- - .- ' It 1s obvious from Figure 11 that the growth ’
> - of” cells 1s limlted;by the amount of ammonium-” sulfate ’

3Q avallable, at least in theArange from O'to lSO.ug/ml. z

"l

‘x This is clear frdm the fact that the growth curve is .

<
blphas1c and’ the absorbance at whlch the Shlft to -
_ _— v
< L phase #2 is seen to be proportlonal to the ammonlum '

. 4/. i - . ‘ ) . |
. /

sulfate glufn However,wslow growthxln phase $2. 15 S
14 . 8 § . . - - - - , -
- seen. ’ . . ’ 2o R

. . -
~ . «

Bacterla such as. Ea coli are known to store N, - s

i e.,to form endogepous reserxrves which _can be utlllzed

J

%

» . -

. under condltlons of starvation. . Studies on E. coli

. (”—\\;ave reported séver_

- « G

Sy ’ . endogenous N- Bupﬂhle

. 4 ¢ .
_compounds capable of serving- as
for example the amino acid
pools of. -gIYCine, 'aianine, L-serine, Lthreonine, : ; -

o ) L-asPartate, L-glutamate, and L—arglnlne, RNA by its

degradatlon, and protein v1a turnover. (Dawes and Rlbbons

T o 1962, 1964, 1965): . - | a

P

e

e I may be'that the cell used the endogenons
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oo ~sources first, d@lng ‘the normal 1eVels of L-SD as ; : ‘l:~ ?’ e
. . well as othEr enzymes, and that the increase in L'SD N

» . ”

-, "would not be seen until endogenous.reserves were

used up, and therefore that the’ measurements of L-SD

‘, . were made too early.’ The cell would eventually reach
L a point where endogenous sources.would be depleted and .
, + exogenous sources would have to Be utiB;sed.' However, IR

. v synthe31s of new enzymes would sttll requlre a source

‘of N, and it is still p0581bke that L—SD levels would o ) .
. . .

,1ncrease in the presence of éome organlc comsound. T

ThlS could be tested by, repeating the exper1m%?t ) |

K . iy
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4

' -“ §(3): L-SD.Induotion -~ . i - ‘ . , |
" It'is clear that the level of L-SD is in some way

correlated to the N supply available, though a detalled
»descrlptlon of the relationship has-not been possible.,

° 4 -

- i As 1ndlcated in Sectlon B(3), certaln compounds are -

N
. known‘to 1nduce ‘L-SD, ;.e. L-SD act1v1ty is hlgher 1n' |
S :3 ‘ cells grown in the tresence of these compounds than in ~
d . ; gells grown .in their absence. The best 1nducers for tiis$“f
- . , ©nzyme are glycine and L-leugine; its eubstrate
éi_ 'L—serine is not an inducer, nor are the ahiﬁp‘acids , /(%'
" A o L-lso;euclne and L—vallne, at Jeast in the presence‘ot,;' f
” L-serine. o ' ' oL ' _
j S - _This is 51m11ar to the/results of Pardee and ; ":
. i“ Prést1dge5&1955). They descrlbed a high level of L~-SD ~*ﬂ‘
g s,ﬂ .'in‘deils‘grown in rich medium, and attenpted to find‘thé

‘ - 'coméonents of'the rich medium.that were requtred to .
produce high levels of act1v1tyl ‘Cells groﬁn in ' T
‘ e glyclne .and L-leucine showed the same level of actLV1ty
{ ’ -7 as cells gtpwn in rich uedlum (DLserlne, casein - o=
t v .hydrolysate, and yeast extract) Attempts to replaced¥’
glycxne, in the presence of L—leuclne, showed that ; .
L-threonine, DL allothreonlne, and«suprlsingly pyrqvate;~'

Dl S as weli all have an i ducing actlvity, whereas L—serine~ I'gﬁf

Lo o does not.' SLmllarly. Iéud}ne could ‘be replaced\?y
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' DL-isoieucine, but not by L;vhline, as long as
glyc1ne was also present. This may lndicate that"

' . even the effect of ) glyclne and L—leuclne is not
' ~
1 ) .direct but involves a shift in the metabolic pattern.

The question of.the effect of growth in complex
- L .
media (i.e. yeast extract) was not pursued in detail

S '( o « 5 .
here. It is clear though that growth on yeast extract-

' . tryptone glucose medium is inducing in the strain used
\ ’ ~ - .

in the present study as well. .This effect of growth

v . ~in rich medium has been reported,by many other‘authors'

o working on ‘a variety of organisms: Crookes Strain qf' ’ .
E. coli (Wood and Gunsalus 1949), E. goli K , (Alfoldi -

33'31_1969), Salmonella typhimurium and Bacillus cereus .-

~Cey/ -

(Rasko et al 1969). . . g St o

r

T There  is general agreement that the substrate of

e R the enzyme, L-serlne is not an 1nducer.. Pardee and

+

S " Prestldge (1955) reported thls in thelr paper. Artman -

o

‘ and Markenson (1956) found the’ same thlng in E. coll -

B/r. An L-SD of rat llver studled by Sayre et al (1956)
o . v 18 also not substrate induclble.- ' '
) ) ) . -

a o . " Pardee and Prestldge showed conclus1vely that

4

combxnétlon of -glyclne and L-leuclne 1nduces bet

than elther amino acid qlbne. -This was not studied in

) ;

@etail here, but it is reasonablg\\lear that thzs is also
~ g

s T “the case ,for .the- istrain »used heren' However, it 18 not
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'1mmed1ately ob%xous why glyclne and-: L-leucine should
’%nduce L-SD. It was suggested earlier that the level of
e L-SD'is kefed to the level of some' organic N compounds, '
.o . ‘perhgés-the endogenous level of-L-serine itself, i.eﬂA

L-SD might be a L-serine detogifying enzyme. Since

L-serine itself does net induce tﬁe‘enzyme, this seems ‘

unlikely, unless, there is some reason to believe that ~
. i L o the endogenous L;sergue pool is higher in cé@ls grown

. f‘ with exogenous Lnglfoine and L-leucine, than in cells

grown with exogenous L—serine.

Such a situation could exist if the rate of

‘ -
g ‘ entry of L—serine into\fhe cell was slow, or decreased ‘
- " ~ as the intracellular concentratlon of L-serine 1ncreased. ‘
: Then; thea ndogenous ngnklne pool might be malntalned A ﬂ |
at a low level \even 1n the presence of exogenous ’ \\\
L—her;ne; Howewv r. any compound whlch could>enter the’ :\f}

‘ - “cell by another echanlsm ‘and be converted to L_élrine

. might increas the'L-serine pool. Thus, if ‘-91YGine

e

Qere provided ex0genously, it might enter the cell and b

o ";/be converted to L—serine. It might .also act indirectly o |
. by decrea51ng the conver51on of LﬁSerine to ‘~glydine i :

\ - |

Via ser1ne transhydroxymethylase and thus increase the . . |

Sl L—serlne pool. However, xf'this indirect _mechanism were B

. |
AN - . « I
S ) to exist, one would expect the L-serlne to inhibit its L

. . . \,, ‘.

- ~ v ¥

»oo . own blosynthesis. . . _ 5

i

.
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}J A relation between. L-g§erine and i}gl&cine would

[y

be reascnable encugh, buit why Y~leucine? L-leucine has

various effépts on the growth of.bacteria. That it is

inhibitory to this st[ain has been shown here (Section

B(3). The growth rate in the presence of L-leucine is

"about 4 the rate in its absence. The fact that the

_inhibition is relieved by L-isoleucine and L-¥valine,

w

whiop are the same amino acids that—ielievedbserine‘
inhibition in somevstrains (Coslay and MoFall?197° )
may indicate that L-Ieuciﬁé ects by‘inereasiﬁg the
endogenous L-serine pool. These two' amino acids
(L-isoleucine and L-valine) also increase considerably
the inducing,effect of -Nplg (i.e.-Nplg isol. val;
2 25, 2.04 um, pyr/mg port; -Nplg, 1.34 um pyr. /mg prot)
" L-serine inhibits growth by lnhlbltlng the
ection oflb}osynthetic L-TD and starving thé cell for

L-iso ine. If L-isoleucine-and L-valine are provided

to overcome the lnhlbztory effect of L—serine, the -

‘cells should be able to tolerate a hlgh L-serlne pool.
.One could then 1magine the following complex 91tuatlon°
"L-glycine and L-leucine act to 1nh1bit certaln routés
of L-serine degradatlon, the presence of L-1soleudine
c1rcumvents the lnhlbltlQn of biosynthetic L-TD, L—valine

1s provxded to overcome the inhibition of'L-va}lne :




&

would 1nduce, or even L—serlne+ L-leucine.

' biosynthesis is inhibited. = S

" is known to increase the rate of growth of . E. coli K,

157.

piosyptpesis bi L-isqleucioe, the L-serine,pooi rises. ‘ ,
without being toxic, and L-SD ismaximally induced. The

only'evidence which is not consistent -with this picture
{ : 5
is the fact that L-serine +L-isoleucinetL-valine -does '

not induoe. If L—leuciﬁe were also involved, one might

3

expect that L—ser1ne+ L-Lsolguc1ne+ L-vallne+ L-leu01ne

fr

According to such. an.explanation, L-SD is a
R ¥ : . .
detoxifying enzyme. It is not the ‘only L-serine

degradingfenzyﬁe. However, when other pathways of

L-serine degfadetionrare blocked, the-L<serine pool

-

increases and becomes toxic. Anything that blocks P

othér éegradation pethways partially might increase the

'L-serlne pool sllghtly and thus 1nduce L—SD. However, . e

blocks in L—serlne degradatLon would also lead to
tOXLCltY and “thus anythlng rellev1ng toxicity mlght‘also
appear to 1nduce, L-serlne would normally be expected

to,sbut off 1ts‘pwn biosynthesis; 1t may be that there

-

'is some‘leeway in:the system, and that, the L-serine . " :

pool can increase copsiderably‘oger'normal before

s

*  The role of L-leucine remains unclear. L-leucine

10
using '»glycine as a N source; i.e. growth in —ﬁél is



&~

-

'in higher levels of ‘enzyme than growth in +Np. - However

. the difference between induced and noninduced levels

.discussion of mechanism’ of induction isfpos‘poqed until

158.

faeter than growth in -Ng  (Nichanj, unpublished results).

kY

4 - . , . : .
* Further, L~leucine spares‘i7gifazﬁé\§h a strain lacking o

serine tranéhydroxymethylase (STHM) . L-leucine o Coet

stimulates growth on L-serine in some STHM strains

and decreases the .rate of growth in others. There.is

-

therefore obviously some hitherto uneuspected involvement

- -,

of L-leuclne in this area of ‘metabolism, but the nature - i -

of the involvement is unknown. (Newman, unpubllshed results)

Whatever the reason, growth in -Nplg media resﬁ;ts

s

is much less than'for most inducible systems. The

questlon then arlses as to whether the phenomenon seen
. @
here results from a change in transcrlption, as is -

uSugﬁly proposed for an 1nduced enzyme, or whether

controls;are ost—transcrlptional. ~ Because _there is an

r

- added complicatlon in the lnterpretatlon due to the

N

discovery that L-SD' 18 unstable in the cell,. and unstable

o

to differentiextents.in different conditions,,the

. B 2 . /’
later. - . ‘ ¢
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e o

-7 a. mixture of'cstabolites which produce keto sompounds +

-as-carbon and. energy source_as. _compared to cells grown

Jllkely.

convertlng thelr substrates to metabolltes which the
.cell cqg also obtain 1ndependenpﬂy‘and mére readily by
'thejmetabolism of glucose. For example, those enzymes

" which degrade sugars orﬁsugar.alcohOLS'(lactose, galactose,'

.NH3 that can be.converted to. the same intermediate meta-

‘ | . s,

)
x

B(4) The Effect of Growth on Different Carbon Sources-
‘ The Glucose Effect : . . oo

Part of this study was . aimed at determining whether .
? .
L-SD wds subject to the ‘'glucose effect'. The sSynthesis

of many enzymes is decreased in cells grown with glucose

with other carbon and energy sources such as glycerol or

.

succinate. This repression effeat of glucose is known

. as the 'glyfoNe effect'. The enzymessubject to this

effect are us aily amino acid deaminases and catabolic \\wm

.enzymes leading’ to energy production ~(Magasanik 1961).

Because other amino acid deaminases have been shown to be
subject to the glucose effect, it was,considered'thaﬁ L-5D
might be similarly controlled. A consideration of the .

physiological role of the glucose, effeéct made this more

[
o

CAll glucose-sen51t1ve enzymes are capiﬂie of .

-

¢

glxgsisi, inositol) each can serve as-sole carbon and -

energy source to many bacteria, but each is‘degraded to

+

»
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bolites prodiced from glucose and NHS,. _Oh the Gther
hand, the products of 'glucose J',neen'sii:ive enzymes '

cannot be produced independently by separate. glucose

pathways, e.g. acid production from penieillin by - .

- nuclelc acids. Therefore, the synthes:.s 0of enzymes

. glycerbl (0. 07 um pyr/mg. prot) or succinate (0 11 um pYr/

' the inducible penicillinase cannot be formed by any

other mechanism. -

“ -

Generally, glucose 18 more rapidly metabollzed

. than other carbon compounds and the rate at Whlch %he

metabolites are formed 1s apparently more than sufflclent

to shturate the cells requlrements of precursors and

that prov1de the same serv1ce to the cell, but even

'1ess efflclently, would be uneconomlcal ,. and therefore .

¥

it would'be an advantage to the cell to be able to

-

restr:.ct the formatlon of these unneeded enzymes. Thus,

r ,
the concept arose that the catabolltes that are rapidly

"formed from glucose acqumulate 1n the cell and repress

2

the formation of enzymes whose sypthes:.s would increase
¥

‘the already large pools of . these- compounds, and hence

_the term catabol,l.te repression’ (Magasaruk 1961). .

In the present study, it was seen that the non-
induced level of L-—SD m glucose grown cells (0.65 um pyr/
fag. prot) ig in fact much hlgher than the level 1n .

& . r
.

[
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£
£

mg. prot). grown cells.‘3It appéars then that either
glucose 1s in fact stimulatory'or the other carbon

sourcesarepressive. o ) , .

L
. -

. ‘ 'A;\previously mentioned,'enthes subject to the ‘
o \K\ glucose effect are commonly those whose products are
N also products of .glucose metabolism. Slnce the product
| of the L-SD reactlon, pyruvate, is in fact ane of the )
céntral products of glucose metabollsnu one might
expéct a prond&nced glucose effect. This could 1ndicate —_ﬁ A o
that the 1mportant role of L-SD is: not»ln the productlon
of pyruvate but ‘rather the destruction of. L-serine or
the release of ammonla., ’ | '
. . . DeCrombrugghe et al- (1969) showed 91milar o -
results. Whereas several other inducible enzymes were |
repressed by glucose,,L—sD was the only one in the f
. S ';'group whose level was increased.ip glucose-grown cells
:; ‘ "_' and decreased by cyclic AMP. This effect could not-
~ " be eXPlalned.. e ‘ "~ R : :
Earlier reports on’ glucose effects are hander - '- e e
to interpret because the auéSors used DL-Serlﬁe as . R “
‘; : substrate, and fheir data does not dlffereutlate a
- o glucose effect on p<ST (which - is known'to be glucose Co .

. senSLblve (McFall and Mandelstam 1963, McFall and t .

a : Bloom 1971), from one On L~SD. Thus Boyd and Lichstein

’ '




9
3 . . .

T . (19 ) W1th E. COll Straln 86G and Bacterlum cadaverls
: reported SD to be regressed by 2% glucose, \while o |

1

Dawesu;}QSI) studylng E. c011 NCTC Straln 5928 reported T g
lycose effect. Both used DL-serine as substrate, s

Pardee and Prestidge (1955) studied the effect of

‘glucose in the presence of 1nducers only. In hlS

.

¢ , experlments, cells grown W1th 0. 5% glucose had much the ©T T
same leVel of enzyme as cells grown with 0. 5% glycerol;, .

—glyclne and L leuc1ne belng préSent in_both cases.

However, when grown at hlgher concentratlon of ?lucose

. (2%) the 1evel of- enzyme Was 30% lower. These %esults

‘are conslderably different from those reported here.‘

°

s If- praceedlng arguments W1€h respect to .the

L—ser1ne pool ‘were correct, one would have to assume .. .
\ .-
that there is less L-sefﬁne in ecells grown on glycerol

& ~ - 4 )

. Qr succ1nate than in glucose 'grown cells. There is

a
w

v some evidence, in fact, that L-seklne biosynthesxs in -l

yeast proceeds by different routes dependlng on the S o .

o ot

. o ;carbon source used (ﬂbane and Ogur 1972), Slmllarly:

12, required*L-serine

*g;_ glquse, but not, when grown ,' S

3

" | ‘ on oxldizable substrates (Umbarger, punpublished results).

s At the moment this situation is not understood.y




—~ et

. | ' . 163.

The presen\Lstudy concerned 1tself ylth the - . -

inguciblllty by -glycine and\L:legelne in cells grown
. \
on different carbon sources. With glycerﬁI\as\gésggf\ :

and energy source, ‘glycine  and L-leucihe show litﬁle\\\\\\\; -
. ——

. \' inducing ability, but the-effect 'of decreased inorganio
N (-Nplg) is sti;}}seen: With succinate as carbon and
T o tanergy source, -the situation is reversed. . In thi.s‘
_case, ‘:g;ycine ang L—leucine'induce in +N, but the
" .level in -Nplg is actually Ibwer than the level inijpig."
From this point of view, -one could even argue that -N
condltlons repress enzyme synthesis. 1In +Nplg, the
. level of enzyme is similar ‘in encblnate (0. 99 ‘0.70 K - s
' um pyr/mg. Rret) or glucose (1.98 um pyr/mg. prot)
‘ gro&n celle. In gljeerol—grown cells, the level }s

2

N “only io% of the others, and is .indeed even lower than®

<

. in +Np glucose.. If ~* glycine and L-leucine do induce .

;% ) by virtue ef‘their influence on the L—sefine pool, it ' - 1
. ‘ . ) . e
seems'c}ear that this pool must be very different.on

glycérol. 1 ’ o ) I ;

o W

In -Nplg, the* level is’ much‘the sameifn glycerol
and glucose grown cells, but lower 1n succinate grown |
E ‘cells. The usual inﬁucing effect of MM-N as compared ° l

to MMIN medium, is simply not seen when succinate is

o the carbon source. Thase there seems to be a difference,
s - ' ' / . - , °
o . i

- Lo ., . s




< w betWeen glucose and succlnate w1th respect to N

‘ M ‘ ’

f(n
metabollsm,Aanq~between glucose .and glycerolwwith <R

.

s Yespect to Lkserine metabolism. The reactions | -~ .

t

1nvolved are not known. ' o o

] v Fa

In this thes;s, a report of the'effect,Of_gféWtH"f' """"""""" g
phasé?on)L ~SD act1v1ty has also been made. It appe@ts

'thatbthe’idduced level ofﬂenzyme decreases greatly in -
"the later stages of‘growth,‘but-the noninduced level °

-remains more or less constaptp ThlS efiect has not' been

studled in great deﬁwgl”‘ If early log phase id, accom- -

‘ A

,panled by the- fefmentétlon of glucose and 1f the ter.
log phase-ds accompanied by.oxidation of metabolitev . ’ Co

" fgrmed from. glucose, it mlght be that in late log pha§é )
L 1*9 ¢ . ’ ..,\ ‘p .
'the metabollc pattern used is.similar to that oﬁfglycerol- ¥, Co
;, groWn cells, -and theAldﬁuctlon effect if “élycine,end‘g

L—leuc1ne 1§ no longer seen.

-

There lsnln'the llteréture, one report of the'
-

L-SD aﬁwg funétlon of the phase of growth T

3

levels df
; (yThls ls % study done .on the same*enzyme studied here, , :
f f‘ but unﬂ%t the name .of L—serlne dehydratase 1n gac1llus 2 '}
N alvei (Grlfflths and deuoss, 1969). Thls study was - ) "‘ 5,
,‘done fh(medium containlng 1%/’ caseln hydrolysate ‘ S CLo
' 1ncludlng gither 1% glucose or 1% 'glycerol. .Wlth either

i, 4. \ o
,:carbon “u“roe, the enzyme level fluctuated greatly with ’ a

M i
H

s
il ‘ .
: e,0 i H . f '
3 . 0. . |
R } ‘)r A L .-, o . . _ y \ . ,i , .
9\ Ao . s . T . t ' ) 4 ot ' - !
i - . J, . E ok . L=l cer
- ' .' ! . < . . ’ ‘ . . . . . -
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.

-poth Grlfflths and’ deMoss s experlments and those~ »

reported here, the fall of enzyme act1v1ty might be’
better explalned by the decay studles than by ‘a carbon
source effect. Decay, as descrlbed in this study, - takes
place-ln the presenbe of ﬂglycine and L-leuciﬁe. As’
the growth ratd decreaSes towards statlonary phasé, cne -
'mnght expect~the enzyme to decay if - glyclne and ,
L—leu01ne were Stlll present gr 1£ casein hydrolysate - ': O

. was in excess. C e e . S U



.C" Enzyine Decay: 'In VJ.vo'“ Instabilltx . : Lo

S The ‘other majoi' concern in thls thesis has been

the démonstratlon that L-SB« act1v1ty is (mstable even

. w1th1n the cell. Th:Ls was dlscpver@ durlng an attempt . L

to study’ conditions necessary to inéuce L:-SD. When L T

v o, P

o

. . |

cells were transferred from +Np to +Np1g, an 1ncrease

.

.

in enzyme act1v1ty was expected due to the presence of

s

¢

.. of chloramp enicol. _' Howeverp on J.ncubatlon in

g chloramphenl ol, the enzyme act1v1ty fiot unly dld not

J.ncrease but decreaseﬁ conSLderably. This loss of
, 2 . : ]
¢ ! . '
“activity is here known'as ‘in viva deca‘y'
l‘ ) - o A \
m Because this gortfof 'decay J.n vivo is a rare:
’ ‘7 ;

phe.nome.non, it ‘was descrz.bed‘ in some detall. The rate -

- .

- and extent dcoended on the med:.um of ncubatlon., }Secay
L e L
" : was more rap:.,_/and more- extens:.ve ;J.n t e presence of

'the :|.nducers, . rglyc:.ne and I.-leuclne 4 than 1n their

r” } "‘
absence, whem ]f*serlne isg, also presen . no ‘loss of .

B . »

activ:c.ty 18 seen for t}e first hour /of J.ncubatlon, i, e.

L«serlne seemed to proteot or st Alize. the enzyme for

13

an hour at least..' Decay was oPse ed in noninduqed

meduun (*’Np) but only after u ene h

stable penod

.“\

3 eand the ex\tentvof decay wa very stﬁall n oompa,ri‘aor,x
l . . l v . ”

l
"

PN Lo,
: " ) et Tl
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mlnute . « The rate of decay was not cqqstant during the

1ncubatlcn period; belng rap1d at the béglnnlng, and

. <

. slower after the first hour:; a certain proportlon of :

s ' . . P

‘ activity remained stable even at 150 minutes; this

.. ) .. proportion was greater in ‘MM-N than in MM¢N. . - .
Ty ' oY . PRI J
The first question which arises is whether the

. process of‘decay ln enzyme levels 'is, a pa851ve or active

X ) . one{ i. e. 'is the LdSD molecule 1nherently unstable eéven

w1tﬁﬁﬁ the cell, or are there other factors in the cell L

¢ >

Whlch are re3p0n31ble for the decay?- Since there is

. }lttle Sr nc decay ln cells 1ncubated in- +Np, it would

s

appear thbt the nz ne molecule 1tse1f must e relatlvely
Rk :

L 3
stable, at 1east wfthln the cell, and one must lcok

t

for other factors to edplain the in v1vc decay. o

(9t 2

S Enzyme activity c “be- modlfmed by @ numher of - ..

¢ 4 =

e !aﬁa— L] .,

. .fagtors external to: the enZyﬁé\strﬁcture., Some of%u;‘

these result in physical changes such, as conformat%pnal

4

' changes 6thers result in chem;cal alteratlcns, Such

as llmlted prOtEOIYBlS or the cl ss of chemlc 1l modifl-

» —~ ‘ »

AL .f cations descrlbed by Holzer k19\9)

A

o
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. Phy81ca1 alteratlons in enzynes have been Lo

o exten81vely descrlbed ih the 11terature. These .
. alteratlons mey elther lncrease or decreaSe act1v1ty, B L

! ce .

o and upy befcaused by smail molecules (effectors),‘ N . l

' whlch are not substrates for the enzyme 1n questlon.
. NN

Such alteratxons in act1v1ty qpe,usually known aso . ' L

o allosterlc and to the* extent that they are 1nvotved I -

4 "'\ Ll
_f‘ I - A ‘
f? ~in the control of metabollsm, thls is known as ’ : y,- SR

o

allosterlc regulatlon The most fundamental

P

charactgrlstlc of these allosterlcally coutﬁolled

,9

enzymes 1s their ablllty to‘be actlvated or 1nh1b1ted

by . netabolltes other than thelr substrates, then, ’ 5'. L
(tﬁ‘ ! et

. i

there ‘is- no. structhal sxm;larlty between the effectors' ; =
|

1

(actlvators or 1nh1bitors) and the substrate., A well . .

»

known example 18 the enzyme L-TD -the’ flnnt enzyme 'in
the blosynthetlc pathway to L-lsoieuc1ne. The actlvlty

of L-TD is decreased in. the presence of Lblsoleucinej7 ¢

a7 A\l
L L4

and increased in the presence of. L-vallne, both of these
qpetattng.by cbanges 1n‘the phySLleﬂform'of the enzyme
/” Because of “the structural dlfferences that can- exggt

o *..

betﬁeen the efféctors and substrate, rﬁ}ﬁas been postulated

thaﬁ the blndlng site for the effector must be a dlfferent

one from,the substrate bindlng éite respgnsible for the
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Substrate induced physlcal changes are also known,

éubstrat may actlvate or inhibit acg§v1ty, probably : ?;" ;

‘- -due*to the 1nduct;on)of conformutlonal changes (Grisolia
1964, Yankeelov and Koshland 1965). Substrates.are

usually known to activate enzymes, ‘as is true for malic

dehydrogenase, 1soc1tr1c dehydrbgenase, glycogen

synthetase, or aspartate semlaldehyde. Substrates can

'S

. also protect enzymes from 1nact1vatlon as is true for ;‘ 5

e, ;actlc(dehydrogenase, glutamlne synthetase,’ ketoglutaraqf
'transamylase, or glycerokinases{ However, substrate B ‘ff

- L4

\\’ 1né%ced 1nh1b1tlon of enzyme’ activity is now belng Cy

S~
recognlze& 1.ef alcohol dehydrogenase, carbamyl

e

p Synthetase,~hg§ok1nase,ﬂand aspartate transamr%ase'
(Erisolla, 1964). These substrate 1nduced conformatlonal.
changes would not necessarlly affect the catalytxc Slte,
;but perhaps tte rest’ of the proteln molgcule Whlch may
‘have to -be retained in aipartlcular foldlng pattern ‘for .
.the catalyt:.c site to be operationa} (Grlsolla 1964). ;

Alterataons in enzyme act1v1ty ¢an also. be done,. ;.

L4 ’
»

' chemlcally!~efe. the prlmary structure ofthe\enzyme can

. 3be modifled by the’ formatlon ‘or breaklng of covalent.

bonds whlch in. turn attaches of removes speclfic groups o,

)
cm ‘

ffom a Protein. These chemxc icatiogs are _’

"\ ‘ﬁtal Zed TY m°diinng enzymes which axe in turn [ 0
‘ | ! S

! : i

.o ,l . R I

. ‘ <¢”“{'.
., i,

.
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controiled by partlcular effectors.
. ‘: T -.’ One example is the enﬁyme glutamlne synthetase | "’ﬁ_
| , of E. c011 which catalyzes the ATP dependent format10n ' L
,,cf glutamine from,g;utamate~and NH4. Thls enzyme ‘

.:'l_’ ¥ . axists in”an:ective}forh which éeﬂ be inactivated by
adehylatign. This enz&he is sensitive to ailosteric T . e
'; ’ ‘f."_ ~;.;h?bn.tlon, but chemlcal modlflcatlon appears to " e
Lo . .+ - ., the- szt 1mportaot control of its actlvity.'TIf/;zj,f- .t ’

-

|
1
i
|
s
|

exist in a blosynthetlcally actlve 'a' formeand a

'fseconé 'b! form which has about 5% of the act1v1ty of

v b} J b . 4
the 'a' form . . . ," .n‘ ‘ . . g

y . . .
The relatrve concentratlons of forms 'a' and 'b' - 'T«

depend on the N source in ‘the growth medlum i.e.’
,glutamine synthetase is‘rapidly'inactivated~upon the o ,
addltlon of NHI to the medium. .The iﬁection is duea

to a speclflc ehzyme, an adenytransferé@e, whlch in
\

the presence of -ATP, Mg**, and glutamlne (1ts effectors)

catalyzes the con6g§s%on of: form ‘a' ‘by adenylation Vo ..

Jtofor/m l‘bf . ‘ é:, - S ’*.,.v,.'.o o
Rapid converslon;of glutalne synthetase 'b" | ;u "
}o the deadenylated form a “i.e. ;Zactlvatlon of the ‘ ]

enzyme, occprs in cells after transfer intb medium o

ﬁree of NH+ Thq important effectors that iﬁfluen ‘ X~L, S

the iPterconversion of g utam;ne synt etT T 'h ‘an I 'ﬁ,ﬂ i
\ !\!u',“,'
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'b' are glutamlne (whlch stlmulates adenylatrﬁg
- & d
and inhibits deadenylatloh) andoi—ketoglutarate (whlch R

has the reverse effects)(Holzer and Dgntze 1971, -,

HOlzer 1969] - - . g -
S Other enzymes of'g. coli which‘have)also been: ~v
. g ] o "'—"T . ) ' . .- L

'found to be subject to chemical control- are pyruvate .

1yase and leucyl—t—RNAfsjothetaseé while examples’ 6f

h - «.

an1ma1 en2ymes include glyc0gen phosphorylase, .o ot
phosphbrylase b klnase, fructose-l-s dlphoSPhatase,
translocase,.and xanthlne,oxldase . Enzymes ‘regulated

,

by chemical modification are usually key enzymes of* . ﬁ;

o
23
]

.

metabollc pathwa/;’(Holzer 1969, Hblzer and Duntze 1971)

Enzyme act1v1ty can also be modlfled by the process
v
&
of - hlmlted proteoly81s. ThlS 1nvolves the enzymatlc

-

&
- conver51on of large precursor polypeptldes 1nto snmller

&

functional products. Examples of this phenomenon are

seén in the conver91on of pr01nsu11n tO‘lnSﬁlln (Steiner ST

.

and ‘Oyer 1967, Plne 1972), the actzvatlon of zymogene
2 . °

by . chymotryp51nogen to enzymes e.g. chymotrypsin S

, (Ottenxnl967) 1n the process of assembly of. mengov1rus

[

virions and Coxackle B v1r10ns' capsid subunlt protelns

' result from cleavage of a large precursor proteln whlch
1s again cleaved intl smaller gtoteins Qﬂolland and . ax f*g . ‘J

o = : a Lo g
xiehnfsss). L \ S
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A study by Summers and Malzel (1968) 1nd1cates

appears

Act1v1ty of a glven proteln can thus befalte

_to be* translated as a. slngle 01stron to glve

®

while others are

in dlfferent ways.

-

total 1nformatlon of the wviral genome.

o

1720

They suggest that all v1ral protelns may,arise by

'

v that some of the'polypeptldes of Type I poliovirus .

'secondary‘nproduqts which arise

;.

-

. ¥ from conversion of thef'primary' proteins.

.Others

is cleaved in several stages® to glve as many as 16

;>>d1fferent‘prote1ns (Pine 1972). Thus, 11m1ted .

- protelns and is therefore probably 1rreyers1ble.
!/

-,

prote;n and thus increase or decrease aqt1v1ty.

'

'Jackson and‘Baltiﬁore in 1963 showed that three

procap51d proterﬁs of pollov1rus (vpO, VPl, and VP3)

1eavage of a 51ng1e polypeptide that represents the

are 'primary' translation products of the virus mRNA,

.
.9

Various small molecules, substxate

4

»

-~

are formed from cleavage of a single large polypeptlde.-

studles suggest that, the total-~ genome of the pollov1rus

ﬁ
<. a giant polypeptlde of 230 000 to 256, 000 .daltons whlch

l

»

@ Enzymes can be chemically alteréalby a;varﬁEty of " i
fd J \

“

reactlbns 1noluding moLe or less extensive proteolysih y
. “l . , .

Y

©

proté1y51s LS interpreted as a matutatlon process for“'

’wof the enzyme or not, can alter the conformati n of the'

rd

e

.
’
:

)
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s . h - g o
Each of these is specific for the particular enzyme,

and could be 1nvoked as an explanatlon for decay in

act1v1ty seen in this- study.

B

The decay desch.bed here 1s demonstrated only

in the presence of chloramphenlcol. This is a, technlc,ai

'prob}em. .Unless new protein synthesis is inhibi‘ted, o

”

“decay ‘qf preexisting proteins cannot be detected. If
the enzyme were ':stable' and easily isolated‘,‘ new ‘

proteln could be detected by 1ncorporat10n of J.sotopes, ‘
§S was done in' a stl.rdy of arglnyl—t RNA synthetase ‘

(l!llllvams and Neldhardt 1969) In this S‘jstem however,

’
»

the enzyme is unstable in,vitro as well as, in v}vo,
————————— e § -

Kl -

experlments Jmust therefore be done in the _presence, of
4
&
chloramphenicol. The questlon then arises ee to whether
'c;hloramphenicol is responsible or necessary” or»'decay.

There -is no indication ‘that proteins become
unstable in, thé preserrce of chloramphenlcol. ’“i’in’e
1972, reports that hlgh concentratlons pf chloramphenlcol 2
whn.ch lnhilj’/lt RNA synthesis or completely repreBs prg-—x
teln syﬁ'{ﬁesxs can llg‘htly or mbderately st:,mulate T
proteolyms,. He estlmated J:hat about 1.-7% of the ‘
total fract:.on can be stImulated-—;-nJ:ﬁ.s way.  This is
sugqested as only a m;mor control on proteolysls.

I

Howeve@, here, only 20 aug/mil . chloramphenn.ccl was used,

\ and. decay of up to 99% of e‘l\;zyme a.ctivity was -geen, o '

)‘
t
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o

therefore cannot likelyibe accounted for.in this wayz,’
Mandelstam (1958 and 1960). reports that chloram-

phenlcol actually inhibits protein degradatlon by abou

& j" ’ 50%. This effect waS/not produced immediately, i.e.

o+
-

) was delayed about one hour, and therefore, it was’
o % g . . . . , .
’ suggested that the effect. was ‘indirect, possibly by

‘the prior accumulation of some metabolite. Willets
VI '(1967) reports no effect by cnloramphenicol. ~ Thus, e

' , there seems to be no ba51s in the literature for a-

general stlmulatlon of proteln breakdown in the presence

e .

of chloramphenlcol. N '_;. ‘ “,f - . |
. Whether chloramphen1col promotes/a breakdown of‘
" this SpGCIflC enzyme,ls e harder'questlon to answver,
though it seems unlikely. When a —Nplg culture with
'an act1v1ty of 1. 91 um pyr /mg. prot. ‘was subcultured
; o ’ ,. into +Np, the act1v1ty fell to 0 28 um pyr/mq prot. in
‘ ‘three ‘hours - able XIV). This could be accounted for

.
.
k4 L. “.; R \ ' l

by dllutlon only if the subculture began groW1ng

{f~ o ‘ o 1mmed1e§e1y and stpped syntheslzlng'enzyme entlrely

v

| oy, - -in those £irst three ‘hours. Both assumptlons se?m

wnllkely. In the seme experlment, the enzyme 1evel-:

: rom 0.86 to 0 34 um pyr/mg prot. in non-
groning condltlonslj-Np), and thus 1t would seem tbat

,r;chloramphen1c61 is. not needed for decay. The questlon

b cdﬁid be settled perhaps by'a detailed cpmpardsbn of
growth and eﬂzyme activity to dlffTrentiate\éilugion Ao

S Lo
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not responsible for decay is the fact that there

by growth from dilution and decay,, but thls was’ not .

o

. , 1
The strongest evidence that ‘chloramphenicol is

-1
&

were conditions in which chloramphenigol was.present

" . o . ) ) o

but decay was not observed (e.g.tNp chlor.). It is. ,

-

therefore assumed in this discussion that ch&orémphenicbl )

]
does_not cause decay.
'_{'3 vivo';decairr in this system requires the

”

| presence of 'Iﬂducers' This is perhaps the most

N
surprlslng a5pect of the phenomenon. In the study of

W:Llllams and Neidhart (1969) the condltlons wera the‘

- opposite. In thaE study, arg:l_nyl-t RNA syrg:,hetas%

" acid restr:.ctlon (arglnlne) partlcularlg 1n. condltlons

. enzyme. !I‘h:.s ralses some questlon as to the actual

. mechann.sm of 1nduct10n, which w111"be dlscussed later.

-

of E. coli h‘ags a constant exponentlal decay yleldlng

"

2» half llfe of 50 mz.nutes when grow1ng under amino
©

allow:.ng 1nter“m1ttant growth. The ,enz.yme was hoffv'ever

stable 1n'1ndu01ng c0nd1tlons. o o 3 o

In the present Btudy, -glyei.ne'and 1.-leu8ine

act to stlmulate decay as well as to“'mduce the ~ . . ]
y J - ¥

Pt el

\r‘;‘¥

It also suggests that 'in "3‘.Lyc1ne and L-leucine growri &

cells., ‘the actual amount of enzyme synthesz.zed must be

considerrably greater than the amount ‘of. actxv:.ty

- e,
* . . . e . 3
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measured J.ndicetes. If., the‘enz'yme has' a-half life of

45 .minutes and the cells are dividing every 50 m:.nutes, -

v

one would need a rate of synthesis of about 165%/50 m:.n

v ’ ot
1
.

to maintain “the enzyme, level.- o
-Considering the possible models of alteration

' s

in .enayme activity di’scuesed previously, what could the

- rqle of glya.ne and L-leuc:Lne be? It is easy to .

postulate an allosterLc ihteraction between elther

‘glycine or Iu—leuélne w1th the L-8D molecule, which
~would convert it to a less stable conformaﬁon», and a
" conformational change in the presence of’"L'—serine

which‘ﬁ’ould protect it If . glycine a’ond L—leucine
‘ g
were notl present, no protegtion’ would be necessarg .

< * ®

If L-SD is eubject to chemlcal modlflcatlon,‘

’

:glycine and/or L-leucine ma'.»ght:'be e’ffectcrs ,of the

moaifying :enzymes. They hu.ght also-act to shift the

metabollc state of the celi to one 1n 'which modlflcatlon

is lnduced Thus lutamlne synthetase is adenylated

v
- ',

in ,the presenc;e o inorganic‘N and daadenylated in lts
. 8
ab‘seneei.

L-8D could be smu.larly modlf:l.ed in- £he™ R

‘ l

~——\—mpx:esence of ~“‘glycine and L-leucine.- 'I'he reVermblilty

Ya

of the 1Bact(1vation has not been studled in our syatem.

‘.The sathe co\s:.deratlone apply t? the poss:.bility of

P . ., "
i

\ 11m:|.ted proteolysis '

e ‘ ) ' ; s ’ |
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. frequently under the aspect of turnQVera

) account for the J.nstabillty of L-SD. un ess L SD belonged

-‘effectlve meané of adjustJ.ng enzyme levels to a “changing

_process separately controlled (Pine 1972) . -

~ turnover takes place in the li?

1nf1n1tely stable in the living crell.

¢

. - A '[ : 0
- Degradation of proteins has been studied 3 .

At one time

o

J.t wass bellev‘ed that protelns, once synthes:.zed, were '

This  was” P

. . ,{. , . . . ; . .
disproved with the advent of isotopes, and it was .

¢ . -
» ‘

shown that 51gn1f1cant fractlons of the "cell protem
# 5 Y o

are subject to degradatlon in both growing and non-"

‘f

"

WF T
growmg ‘cells. Slnce the highest estlmates of .turnoyero

are only 7%, hoerer, th:Ls turnover 1n neral ‘cannot

R

to a class of enzymeS'that‘ was partlcularly subject to ) . |
5 < ' . I . :

- : : _ - . !
turnover. In order to judge the likeliheood of this, a |
|

4

- - »

su:}ey of the literature on t’i;rno'ver follov@’s.
Turnoyer i,s “the dYnamic procéss of. ’degradation

and resygthes:.s of cellular protelns. In the‘ animal S \

/- , , \

cell, co&}tlnual dynamic equ:l.libria of protelns is an e

environment w1thout extens:l.ve gell growth For unstable

«

enéymes, _the effectlve level at -any one’ time’ reflects
o«

P

®

In animals, the greatest amgunt of protein
’ g nou prot ,

a -balance’ ‘between synthesxs and degradatlon, each

~

} .
\since that or'gan .

l

is mvolved in the conversion of :mgested nutrlents‘ ~to

. . .
- P’
- .

.
a
.
.




o

a form\thg:*can malntaln a constant interpal enylronment a o
a .
-fior the organlsm, and therefore .its enzyme profile must - “ .

.undergo major changes under various physiological and .

v

, - nutritional conditions, For example, the turnover : B
rate in rat liver is fast and extensive, i.e. 50% of ~ | )
, the protein is Treplaced in 4.to days; individual Enzymes°. ‘W‘L\;

are degraded at different rates, from hours "to days, ' -

-

-e.g;"tf§btophane oxygenaée, 2 to 4 hours;.glutgmineJ

alanine transaminase 2 to 3\§ay§. : -

‘

) On the other haﬁHT’Ti{ig'generally assumed that
v . . |
the growing microbfgi cell can adjust enzyme levels by

outgrowth rather than turnover. However, inh non-
\“ & . l . " . l .. - , _

proliferating microorganisms (e.g..during starvation, '

,

* ‘diauxic growth, or differentiation), turnover has

\

been recognized as an important process which®will

ensure a sufficient supply -of material o allow the
o . X ~ B3 :
bacteria t?\synthesize inducible -enzymes which may be

" useful .in'the changed chemical environment (i.e. -
o | \\\\allows ?daptlon) (Manaelstam 1958, and Shimke 1969) ‘\: 3
| Thus, .an ‘animal cell would be comparable to a non-

S : , - growing Bacterlal cell.in that  its growth rate id . T
L . sloW°or negligeable, and. it.must- therefore,depend on - . L
turnover for metabolmc alterations. rather than on |

-+ iadaption .through’ gextensi,ve g:qu,t:h. .
L e ! <y Yo . e



«" ' ﬁany'studies have been done on the extent of .
“ =~ L}

e . protein turnover occurlng in bacterlal cultures grow1ng

) ~—. under\dlfferent condltlons or 1n non-growing bacterial
. . ;
' ) N culturés. It has often been assumed that turnover .
\ / - ‘o ‘

is ipsignificant-or nonexistant .in growing bacterial .
- . rcultures. Mandelstam (1958) reports no. detectable
turnover -in rapidly growing cells. Koéh and Levy (1955)

4 . . . '

' Sy g estimate a‘minimum half life of 30 days for protein .
’ , - - . o e

{ }. , in growxng bacteria: . . //<i/‘ e

| In a rev1ew, Mandelstam (1960) includes a :

\ .. ! ,’f - N

\ . report that protelns ofygrowing bact?rla are stable . ‘

\. ‘ / .+ . or that when detected, the rate of degradatlon is less
than l% of the rate of synthesxs 1n E. cola, 1. 4%/hour

~

ot ‘in grow1ng Bacxllus gereusL and nondetectable 1n -

grow1ng yeast, Another report on Baclllus alvei

P L. n -
o claims 1%/hour turnover in growing cultures and .

[y 3

I

}

l

!

[ . - similar rates for yeast (Mandelstam and Halverson 1968). S
i ~, ) Willets (1967) studyi}ag’ E. cofi reports that

'~‘ proteln degradatlonrocouts11n‘growihg c&ltures, but L
very stowigf Followingréyowth for 4 hours he found } ‘:; .

&}'- °_‘ A that the initial rate. aft ‘tﬁaglpcnsion ‘wag 1. 3% in -

\‘/ .

',_:f 30 minutes and then deﬁreased and was mALntalned at : PN R

- 0.6%/hours

T RO
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on' the other-hand, turhover is found quite =~ -,

N generally'in nonproliferetiﬁﬁ‘bacterié, and has been =~ . -

reported- to ocvcur at a rate of about 4 to 7%/hour under ot e
v N )

A 4

varlous conditions of starv n of carbon or nltrogen. ,' ;
(W7 . L

The cell in starvation conditions would be at a clear . ;
\\\ . N ’ A 4 ) " ) " ) . ‘.
‘\ " advantage if it were able to degrade nop-functioﬁal’

' I

~

- ‘ ]~ 'céﬁ};proteins'ornenzymes‘and use the materials thus ' )

re ‘ ¢

derived to synthesize new proteins or enzymes which B N
. .. s ' N L.
could allow the cel}, to adapt to its new environment. .

It has been sugeested (Mandelstamr1958) that bacterla‘
B Y <@ o/'
- alwdys possess the mechanism(s) for degradlng prote1n~

v

LI ‘but‘that during growth this would be- inhibited in some - _

o
‘ ' ' - «®

..\.h{ waY. ) R ) 3" 3 . .

S Whereas Madelstam stggested'that-prbtein tuthover ' co

- ) is ; general phenomenbn caused by any condition that : .
‘slows the.growth rate or stops it cémpletely (Mandeistam o
{ “i'ﬂ‘.~fiﬁdmhalversom 1960). Pine (1972) euggegtg.thet;it is ¥
rather‘only;e certain number pf deficiencigs which can- | ~ | |

activate proteolysis. He reports that‘protequsis is ' o ;
., actually lowered when growth is stoppeﬂuby expoéure to -
mytomycln C or p—fluoiophenylanlne, or thymid&ne - ;’:

. °starvatlon. These treatments allow. normal~ribosoma1

o function, but. stops proteln synthesis by Secondary 4§‘e

regulltory mechanisms.‘ A defic Iy - ;? some. amino acids 3




| . oy histldlne, tyr051neahave weak or 'limited stlmulatlon), .

LS
Ce ‘while others do'not. Overall proteole1s in E. coli

~

. appeafs to be regulated add:itlvely, but to unequal T e

extents by cellular amino acid pools. _'~ © .
Protelng synthesized durlng starvatlon are o .

- ‘con91derably more unstable than the orlglnal cell protein1 .
an .

about 25- 35% deqompose w1th1n 20. mznutes after ‘pulse - . )

[

labelllng. These unstable pfotelns may lave some
functlon in lnltlatlng celaplar rapport with the | ‘ o
envnronment (e.g. permeases) or may simply be p%ptlde .
,fragments prematurely released at unfllled codon sites .

-

" for a depleted amino acid. . N

~ Plne (1972) attempts to c1a581fy E. coli protelns \
1

1

, h ¢
\and includes in this c1a851ficatlon7 an unstable
fraction (about* 1&7% pf the cellular proteln) which K y
. M4 a ha1f life of 13-60 minutes, and breaks down in . -
f/-

grcwingg/starved, or, chloramphenlcol treated cells, .
a fraction maklng up 20-30% of the total cell protein

. el
. "which does not normally degrade during growth, but can o y
43 " be if starved. aﬂd_ﬂhe bulk of the cell proteinuingiﬁh ST g
' whicb is. not degraded under any conditlons. N /.

>
v) . In animal cells where degradaticn may be a more

widesgreadlocguxance, Shimte (1969) attempts to exp}ain
F‘ why rates pf‘degradation are diffﬂrent for. dach protein.

}
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He posthlsres that proteins theoretically exist in. - L Y

different thermodynamic stafes or conformatichs, and = - -

* .
- .

therefore a protein will be degradeg‘only if it assumes
one of a number of conformations. Different rates

exist depending on the number and naturé of particularly

labile peptide bonds exposed to Certain bghforma;ions

or an inEeracEidn.with other proteins or molecules that
. t ’ = o
_can alter the -conformation. Rates also depend-on the
r - . . o S .

acti&ity'of the degradiné;system, and therefore ma&

.dépend on' activarion,"inhibition,_or synthesis of .

Iy ! ' N

) degrading"proteins XShimkef1969).
cnad” -

Mandelstam,and Halversom (1960) consideredﬂthe;

pOSSlblllty that turnover effects Only nonethme

.

protelns. Thez;thenefore compqred the extent .of turnover

in the soluble andfrlbosomal fraotlons.' They assumed
t the soluble fraotlon contains the active enzymes,

and that the ribosomal fraotlon was assoolaoed W1th

little enzyme act1v1ty. prever, they found that

protelns of both rlbosomal and soltble fractlons were

about equally labﬁ;e and had a turnover rate of R

- w

‘f.aboum 5%/hour. R T - S

It must be stressed that’ the above discu9810n on
turnover refers to turnover of the total ceIl protexn, :
Q A .

1nc}uding nuolear proteins (e g. Q}stohes), x l*;fu

mitochondrial proteins (e.g. outer membranoe and




tested E. coli ML 328¢c lac leuc” for degradation of

_#nducible enzymes), and :ribosomal proteins.

"cases of turnover aof individual eﬂzymes,QWilleté (I967)

'Q-galactosidase, D~sD, and alkaline phosPhatase, %nder ~

ﬁ o - 183, .o
E @ ’ ; s ‘ &

. . ' - - o . -
* . v RS

Reports - L

’

of a significant rate of turnover of individual

’

-proteins is extremely rare.: When individual proteins

are lnvestlgated, they appear to be stable under the

conditions of gereral protein turnover. .In their ) .

¢

‘ /. . : »
review, Mandelstam and Halverson (1960) cite as N . .

examples nitrase, tetratonase,’lysine—apo-decarngylaee,
T ] N !

~ ' L :

. Recent studies reviewed here, revealed only two

and & —galactosidase.

.

r

x

v

. conditions of NH4, and leucine staf§ation.

After 4’

?

hours, D-SD and alkaline phOSphatase were still. stable,

however, thce‘-galactosidase level had dropped by 30%

(i.e. degradation rate of 8%/hour). As mentioned .
above, Williams and Neidhay? (1969) report that - o
argznyl-t-RNA synthetase has a constant exponential .

rate of decay giving a half life of 50 minutes when ?‘j .

»

“grown under arginlne restrictidn, partlcularly in
,A
condltlons allowing intermlttent grthh. ' .
The 'in vivo decay described here is thus a B L

rare one .

| Its rapidity and extent ‘exclude it from the )
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. though some poégable mechanisms have BEen reviewed.

It has been assumed up to now that the inducing

R
. effect of glyclne and L- 1euc1ne, i.e. the lncrease

A} ' t

in activity 1n cexls grown in their presenc%, is a \ . >

. claseical'induction phenomenon. This would mean that'\
P : Lo * )

. f~glycine arid L-letcine or some compound made in'thei;\
. ' presence, interacts directly with the genome of the

>

! .. cell, to remove ‘a repressor from-the operator 1ocus'9f

)

-,

" the L-SD gene; This would. thus be a transcriptionel

* i . .

control,.inhibiting:or increasing the amount of mRNA °

transcrlbed from the DNA~

.

‘ However, . glycine and L~leucine are not very
;oﬁerful inducers. The difference between basal and - .
hlghly induced levels 13 at most five fold. This ﬁact, .
taken with the -decay phenomenon, suggests that L-SD may
not be subject to cla3810al';nduct10n'at all, and thel ,

u

fluctuations in activity, both\increases'end decreases,

<

,
LR ] -

¢ ) +  may be post-transgrlptlonal controls. . ' Lo

e

- - We have supposed that the enzyme can exist iE\\\\\\\;\\\' 3

. difﬂerent conformations or even different chemlcal
K . forms (e. g. adenylated orudeadﬁngleted). It .might alao . ;f&
E - . be that the. enzyme s’ composed of ;uhunmts, and(can e L

exist with different degrees of . association-betWeen its

P

“'jl subunitst, For the pﬁtp?se ot this diseussion, no choice

oy
e T

[

TR
YR L



¢ A .~ need be made between these. The 'discussion will .

< ) tefer simply to chancjes'ain,the enzyme state with

s

. respect to activity and/or ‘stebility. These changes ' -
¢ 1 1. .

would all be post-—transcrlptlonal. ! . e

-glycine and L- leuc1ne increase act1v1ty and
s ~ aecrease. etability. A1l this could be understood in
. terms of a single trans:.tlon to an enzyme state that -
was %oth actlve and unstable (enzyme state I-ESI). )

)inherentlyunstable. Its stability might ‘ ’

ESI mlght be
also depend on its environment. In growing cells;ESI
imight)be perfectly stable. In nongrowing ééné,
proteolytlc\ enzyme m:.ght exist and it m:Lght be.

. ' . sensitive’ to them. Other factor's which might act on ‘ .
- | ESI also could be‘di:ffereht in gr"owing end n?'ﬁ“growihé ﬂ .
‘ ce]_.ls.'v C Y )
S Y In the absence of ycine and L-leucine, the ‘
L enzyme is stable. It would then be in ES2: ;Qégce - .
; .. -“ L-serine protects against ' .glycine arid_L-leucine, it -
may convert the enzyme te ES2, or a thlrd still act:l.ve - “
, e I,but stable form, ES3.. @-serine protects only for one ’ K o

'hour. Tfu.s might simply mean that the L-serine provided Co

‘is degraded W'ithln one Houx:. The, effect of.h‘igher :

concentrat:.ona or repeate;i pxov:.siona of . serine was not

L tQStedo - < R ,‘ w;.<r ‘, . / - ‘“'.

D '& i’%’
:5 o ‘! ,n o St
L Gl

o o
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. e , Whatever the other conditions; there is more
- ' epzyme in MM-N than in NHHﬁ.media. Tﬁis would impig

| | that in MM-N the enzyme takes ESI. If the assumptjon

is that ESI is hot'inherent;y;upstable, one need | 0

only assume further that in MM;N without *--glycine

and L-ieucine the’@nactivatihg feetors, whatever thej

/' are, are not made. Moreover,{if the inactivating

factors are enzymes or effectors of enzymes, one could .

= ' explain the sloWing of inactivation dﬁring'incubation

LS

. in terms of a chemlcal reactio w1th fir&t order , v

B kinetics. As the level o 1ningldecrea8es, -

. less substrate remains'for t

work on and one’ woul&'expect the' rate of inactivation o L

R to decrease. ) T I . ' .

. -« K3 a - .

One eould account for a basal level of enzyme by .: '

‘assuming that Esz is stable, but at least somewhat S

o

*;. . ' ‘actlve, or one could assume that some of tﬂe enzyme is .

’ . made in a different and»stable and active state of ESB ~ D
," . b o . t A ! \ P
j; S ‘ In,thls,formulatlgn, we ha#e notncons;dered the : -

i

facts that the‘rate of decay is not\constdpt and that
the perc%ntage of the total activity that ia unstable B

;a not the same in all casés. This could be. accounted

~for<vm further aesumption,as to the percentageuof each
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: It is thus possible to explain the effacts of . . ®

. !

glycine and L-leucine in terms of post-transcribtidhai
. controls. ‘This:would invoke an ESI induced by glycine

and L-leucine and by MM-N, inherently stable, and subject

.

to modifiers; as well as an ES2, the basal form, and

a

the form present when glyclne and L—leuclne and L-serlne

are all avallable, ES2 would be actlve, but not- as actlve

! : ‘ ' ‘
as ESI. . . % '

4

. Whatever the mechanlsm of decay, the p0331b111ty

@
’

of decay compllcates the lnterpretatlon of all other

experiments.- For instance, activity decreases J,ate in

«

the exponentlal phase of growth This has been explained
in terms Of metabolic regulatlon. It might however occur

by the same phenomenon as decr&bed here, in vivo decay, -

the more so slnce it appears to happen only ln +the

B [y

presence of “-glydine and L-leucine.

!
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The work in this theslis concerns the ‘char-aicterist‘i;ce
and the metabolic role of ‘i:h e_r;zyme L-serine deaminase,
-which 'catalyzes the conversion of L-serine to pyruvate
| and ammonia. This enzyme has not previously been- studied“’
in any great detail, and is so unstable in z:_._t_:_r_o_ “that most
studles, mcludlng this one, have used toluenlzed cells as

»

assay material. - - . ' . ,

3 3

o The enzyme has been shown to be SpeC:LfJ.C for L-serine;
no act1v1ty was seen agan.nst a varlety of slmlar molecules
including‘ L-threpnine, D-serine and ~glycine. It was

most convenient ‘to assay the énzyme at pfl 6.4 bectqius"e no’

- other deam:.nating enzymes were actlve at that pH. However,

total L—ser:.ne, deaminating act:.v:.ty :anreased wn:h pH,
' from pH 6.4 to pH 8.0.,/ : o .

, " To investig'ate/ the possible metabolic iole"o,f
L-serine deaminase ’ studies were made of the enzyme level
in growth conditions which were expected .to influence it.
'rhe basal level of L»-serine deaminase in ‘.the cell wQs found
to be abou-t 0 65 u moles pyruvate/mg. protein, wh:.ch was -~
cons:.dered high enough to mdicate a significant role in ’

Jcel1 met/al'nolism., The 1eve1 wass, increased i.n cells grovm




A 0 .
~ 5 +
T

in the presence of glycine and"L-leucine'which were ‘ .
' previously reported tohbe-indubeis of the enzyme. It was

aiso increased in the.absence'ef inorganic nitrogen. - ) .

Highest levels aSSayed.werelfound in cells grown in the

absence of inorganic nitrogen, and the presence Jf
. - * . ' ™ o N
" glycine, . L~leucine, L-isoleucine and L-valine. No

o . - '
'glucose effect' on the enzyme was seen, indeed, the level

of enzyme .was decreased on the other carbon sources tested.

’
- !

The enzyme was found to be unstable within the
cell. This instability was most-marked in the presenﬁe ' K
* ?ffthe 'inducersf; I 'glycine and L-leucine, in which o "

conditions L-serine deaminase has a half-life’of about . o

" 45 minutes. Thls'phedomenon has been called 'in vivo ,

<

decay'. In the qpeence of T~glycine and L-leucine,': ) : }
'decay"yas not observed.f'%he enzyﬁe sﬁbstrate/ L—serine;
' "protected” against the decay seen in the presence of
h*leClQe and’ ﬁ?leu01ne, but only for short perhads.
Because the enzYme has been confused often with
other-enzymes, it was shown in some detail that L-seriee
deaminase is a distinct entity and that L—threonine

deamlnase 15 not respon31ble for the activity studied here. ’ }f,,

%J; - The ariation of . enzyme levels with growth cOnditions

s analyzed in terms o possible metabolic role- of the

enzyme. The phenommnop’ "in vivo decay was considered,
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