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INTRODUCTION *

L-Serine deaminase of Escherichia coli (E. coli) Ky, is

unstablé under both in vivo (Isenberg and Newman, 1974) and in vitro -

conditions. The aim of this study was to determine which physiological

and physical factors affect the-in vitro instability'of I~serine

deaminase. It was hoped that elucidation of such factors would assist
. q

in the purification of the enzyme thereby enabling studies on the
metabolic function of L-serine deaminase to be performed.

" It should be noted that L-serine deaminase is also cammonly
called Leserine dehydratase [L-serine hydro-lyase (deaminating),
BC4.2.1.13]. Throughout this thesis, the enzyme will be referred to

of

as I~serine deaminase.

§

' » ! v '\,\ -
(i) Biosynthesis and‘Métabolism of L—Serine

9

L-Serlne is synthesued fram a nmbe.r of the Embden-Meyerhof-

Parnas (EMP) pathway (Figure IJ. The formation of, I-serine fram 3-

phosphoglyceric acid, an intermediate.of EMP, inwolves three different
t \ ‘

enzymes. 3-Phosphoglyceric acid is oxidizéd to 3-phosphohydroxy-
pyruvic atid by phosphoglycerate. ]
transferase carfies‘out a tréns_étﬁpatim eraction between glutémte

and 3—phos’phohydroxypyrwi_é ;cid to form 3-phosphoserine. I~Serine is

enase. Phosphoserine amino-

then formed via ‘h ysis by phosphoserine phosphatase.
L—Serine/ is a precursor of many mf;lecul(;:s of biosynthetic
nfportanyélgure II) (M-:lhle.r and Cordes, 1971). L-Cysteine can be
synthes:.zed fram L-serine and HpS via.the enzyme serine sulfl{ydrase X
or fran L-serine and I~hamocysteine. IL~Cysteine can then be used to



E

synthesize I-methionine in the presence of L-hamoserine through a
multistep process. Tryptophan synthetase can catalyze the formation .
of L-tryptophan and glyceraldehyde-3-phosphate fram indole3-glycerol-
phosphate and Irserine. In the presence of tetrz;hydrofélate (THF), .
L-serine can be cbnverted by serine transhydroxymethylase to glycine -

" and N5'10-1rethyleng THF. The NS’lo—methylene THF, so generated, can
donate C-1 units in other reactions. The B-carbon of L-serine can
thus- be utilized as a C-1 u.m.t Various derivatives of THF participate
in a variety of reactions giving rise to methi§nine, thymine, ard

]
purines. Purines, in turn, can be involved in the formation of I~

histidine. Carbon 2 and nitrogen 1 of the imidazol ring of L-histidine
are derived fram carbon 2 and nitrogen 1 of the purine nucleus. | The
carboxyl and amino group joined to the o carbon (as a unit) can be
used in the fomat’j‘.on of glycine. Glycine can be incorporated into
purines. Carbons 4,5, ‘and 7 of the purine ring system are derived from
glycine. This apino acid is als§ an important tuilding block in the
fonnation oé tetrapyrroles which are precursors to porphyri.ns: v - C
Glycine can be incorporated into proteins through the normal .bio- /
syntl';etic processes of protein formation. )

. ALl .of the dbove mentioned reactions appear to have a clear (./ g
| role in bacterial metabolism. Why then should there be an enzyme‘ for L
the mfl—oxida;:ive‘ deamination of L~serine to pyruvate and ammonia

(Figure III)? e

An E. coli é;éll per_f/ormmg g.].ycolysis via the FMP pathway

would show the following 4:\75{1 reaction:

Glucose + 2ATP + 2NAD*

. A /N
~ > 2 Pyruvaté + 4ATP + 2NADH, + 2HT
- ]
It is then not obvious why a cell grown on glucose would produce

[}
A

~
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.l : Figure I  Biosynthesis of L~Serine in E. coli
§ Glucose . ) y
, ATP ’
‘. ' : C ADP‘>; | ,
. &lucose 6-phosphate ====—==—=———=3 D~qlucono-8§-lactone
) 6~vhosphate
~ ! . ' RN
Fructose 6-phosphate :
ATP
) Ribulise S-phosphate
' ADP :
s _ Fructose 1,6~diphosphate
. . B )
I e e
. + G lyceraldehyde ' 3-phosphate d==t=——t=——
' NAD w-".': \
n . T
NADH 1+ H+ )
1,3~diphosphoglyceric acid
ADP ) *
: e - | W e
: 3-phosphoglyceric acid~——=~--—>3-phosphchydroxy-
. . ’ ' o) pyruvic acid
A » 14 A ,
- ' " ~ . (2)
: - . 2-phosphoglyceric acid : 4 '
. / : ) 3-phosphoserine
. 1-120 , ‘ .
’ "L ' H,0 3 -
. , Phosphoenolpyruvic acid 2 >
' . AP~ I' -
, , , > pi
SO ' . ATP . ’ v
AN . ’ Pyruvate- L ¢ LeSerine
HWP (Hexose monophosphate) Shunt === .
. EMP Pathway
. ’ T (1) Phosphoglycerate Dehydrogenase
. ‘ (2) Phosphoserine Aminotransferase
) (3) Phosphosetine Phosphatase
) . Doelle, 1995 ' ) .
: . Dawes and Sutherland, 1976 :
: [N
- LY
(]
. . ; = ‘
- “: BN e m—-tw-umn-tw B R e e e e v'vs-?h-mmm *‘v—-\-;ﬁmvw vy m '*;fm m«-w—.
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, Purines
uf

-Glycine =——— Porphyrins

\‘Pmtei_nsl .

. —Thymine, .
Ve . ) ——Purines
_'p‘,.; 9
f; ’ ——1-Histidine
i 1
: ’ ' » !\ ' CENN ’ )
: : Mahler and Cordes, 1971 . ’

Figure III Non-Oxidative Deamination of L~Serine in E. coli L
. ) P \ e
L : Sy : ‘
: X { 1~SD
Jcle

B——C
. W\ OocH '

@0
‘ ' ' Pynuvate Amonia

» C=0 +H 4Ny -

L)

I~SD = I:-S'e::i.x)a~ Dearmdinase - ) . - o .
. , ; . ;

' Doelle, 1975
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pyruvate fram L~serine via phosphoglyceric acid with the formation of
two less ATP S as ccmpare& to when glucose is metabolized dlrectly to

yyrwate through the 1% pathway (Flgure I).

 (ii) Demonstration of L—Serine Deszminase as a Discrete Enzyme

" For sanetjme, it’wes thcught“’.that L-serine deaminase activity
was a function of an enzyme having either D—se.tine deaminase activity
or L-threonine deam:.nase activity. D-Serme deaminase catalyzes the
deammatlon of D—serlne to pyruvate and ammonia and L-threonine. |
deaminase catalyzes the deamination of L-threonine to a-ketobutyrate
and ammonia. The controversy was in part put to rest ofice racemic |
mixtures of D~ ard I~serine, which had Orlginally been used by Gele
and Stephenson (1938) in their studies on bacterial deamination in
two strains of E. coli and by Boyd and Lichstein (1955) i their
studies on serine deam:.nases frcm various mcroorgamsms (e.g. several

strains of E. coli (e.g. Crockes, Texas, Tennessee, mutabilis, and

, Dav1s) , Bacterium cadaveris (e. g. Gale), and two straJ.ns of. Aercbacter

L e

gg es (eg. TandD—l)), were no longer used as substra‘tesm
assessmg D- or L-serine deanu.nase activity. ' It then became clear
that there were two enzymes each very specific for its substrate, L~ -
serine deaminase for I-serine ang D-serine dear.m'.nase for D-serine °
(Pardee and Prestidge, 1955- McFall, 1964). Recently, a mutant of
E. colJ. Klz' strain Cu 1008 whlch carries a deletlon in ilv A gene
and therefore does not produce L~threonine deaminase has been shown to

~

produce I~serine deaminase (Beeraj et al., 1978). This demonstrated

. ccpclusively that the cell makes two eniymes, one recognized as L~

threonine deaminase and the othgr recognized as L-serind deaminase.
, ‘ ' ' A : *

l - Lt




. B A
In oonc‘lusibn', L-serine deaminase, D-serine deaminase, aé! I~ .
threom.ne deaminase all exist as separate enzyme molecules in E. c011
i . | P
(iii) Metabolic Roie of L—Sep_ne Deaminase . o
The possible metabolic rcSle of I-serine c%eaﬁmse in | ’ o
glycolyz‘inq cells of E. coli has been reviewed previdusiy by
Isenberg (1974)%in some detail. Since that ‘time, no advancement in
this area has‘been achieved. : \ ‘ N

Far many years, there was little mention in the llterature of
the metabollc role of IL~serine dealm.nase fram E. coli. ThlS resulted
fram the fact that I~serine deaminase activity and L-threonine
deaminase activity were believed to be associated with the same
protein molecule until 1955 (Pardee and Prestidge, 1955). Ornce j.t
became clear that L-serine deaminase was a unique enzyme molecule, )
investigators (Alfoldi and,Rasko, 1970; Ise;lberg and Newran, 1974), '
became more eager to explore the possible role of I~serine deaminase
in E. coli metabolism. |

Fram the previous discussion entltled 'Blosynthesm and Meta—
Bolism of L-Serine', #t seems unlikely that I-serine desminase is
involved in carbon metabolism. It.appears ml;ch more econcmical far
the cell to fom pyruvate fram glucose rather than fram L serine
(Figure 1 ). | »

Nitrogen, is.required for the growth of E. coli cells. Since
non~-oxidative deamination oﬁ I~serine via L-serme deaminase produées .
.both pyruvate and awonia, the end product of this reaction, ammnia,‘“

may be used by the cell to campensate for any lack of or insufficient

(.

e



pr of exogenous nitrogen in the growf:h»media.
IrSerine has been found to be toxic to E. c011 Kl2 cells "

(Cosloy and McFall, 1970). L~Threonine added to the medium can reverse

this J.nh.lblpon. The add:.tJ.on of I~threonine and L-lsoIeucme can
campletely ovarcane the I-serine effect (Rasko and Alfoldi, 1971).
Isenberg and Newman (1974) - proposed that I-serine deaminase could be
acting as‘a ;ietoxifying agent. I~Serine deaminase would then‘provide
the cell with means for keeping the L-serine concentration low
within the cell.\ In this way, the ceil would avoid the inhibition of
. L-threomne deammase by L-serine (Rasko and Alfoldi, 1971) If' this
hypothesm were true one would expect that L-serine could induce L~-.

3

. serine deaminase. I-boever, this amino ac1d cannet induce L—ser:Lne

deaminase (Isenberg and Newman, 1974) thus giving less credablllty to ‘

1
¢

this’ hypothesm )
E. ooli requires\‘gmmhia for the synthesis of all amino‘a\cids :

(Doelle, 1975). Two enzyzﬁes, glutamine synthetase and glutamic' eéid
fleluydrogenase, convert :Lnor}Jam.c nitrogen, annb‘l'li;a, t0 organic f.orms,
I~glutamine and L—glutamic. ac%d, respec,tiirely". These two amino acids
'.se.rve as substrates for the syxithesis of the"ranaim'ng ammo acids.
I~Serine deanunase may then prov:.de ammonia far these two reactions .
under appropriate conditions. Hdwever, the strain of E. coli used \
durmg this study was already grov}n on excess amnonla (i.e. 0. 2% (w/v)
(NHy) 804) and eth_bn;ed unusually ngh levels of I-serine deaminase
activity makmg it unhkelyr that thls enzyme would be prov1d1ng the
amonia for glutamine syntl:\etase and gluta:mc acid dehydrogenase.

| In other mJ.croorganlsm, a. varlety of roles have been proposed

for this enzyme. Benz:.man et al. (1960) suggested that L-serine

v
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deaminase fram Clostridium acidiurici i)s'qne of the enzymes of the

uric fermentation pathway. This was indicated when I~serine deamin-*
ase activity in extracts containing partially purified enzyme was
— found .to be on&nparable to the uric acid fermentation rate in whole

cells. 1In 1965, Bridgeland and Jones examined L~serine deaminase act-

ivity in toluene-treated whole oells of Arthobacter globiformis. I~

. v Serlne deaminase was present in hlgh activity when cells were growr’;

. Aﬁﬁ glycine, where glycine functioned as the sole source of nitrdgen
and carbon. I~Serine desminase is %:houé;ht to Be the key enzyme in the
metabollsn of glycme under the above stated CO[ldlthnS Klein and

Sagers-{1961) belleve D—Serme deaminase fram Dlplococcus glycino-

philus to be the second enzyme in the conversion of glycine to acetate.
They found that the overall rate of glycine fermentation by whole eells
was appraximately 9 u moles per hour per ng of protein. The conversion
of I~serine to pyruvate by L-serine deaminase in crude cell extracts
occurred at about 180 p moles per hour per mg of protein. This rate was
above the glycme fermentatlm rate of whole cells. However, when all
the individual enzyme reactlcns were coupled together, the overall rate
accounted for the fermentation of glycine as performed by whole cells.

v It, therefore, appears that I~serine #leaminase has sevetal roles in
‘metabolic pathways that involve L~sering., Its role in cells of E. coli

which are undergoing glycolysis is, however, still unclear.

L2

(iv) in vivo Instability of L-Serine Deaminase

'Ih&:gh the enzyme has been studied in E. ooli for t-he past
forty years little information is available about it. This is due to
the fact that L—serme deammase cannot as yet be purified to hamogen-

eity fram E. coli cells. It is unusua}ly unstable ynder both in vivo

. ’ +

v}

R I aaind TR LR R ity

ol




. and in vitro conditions. .

In 1955, Pardee and Prestidge reported that L-serine deaminase
was Unstable in toluene-treated whole cells as well as in intact cells
of E. coli, strain B. After two hours at low temperature (i.e. 0°C)
the activity had declined by 60% when the enzyme "was incubated in phos-
phate buffer (0.01M, pH 8.0) containing ethylenediaminetetraacetic acid
(EDTA) (0.2 mg/nl). Thé enzyme.\a&tivity was lost much more rapildly in
the absence of EDTA and in preparations where the concentration of cells

(¢ .was very low. In intact cells, L~serine deaminase was almost campletely
inactive within 30 to 60 minutes at 37°C in minimal medium, pH 7.0 to
7.5." The authors failed to give the experimental design used to olétain
this latter result . Two other strains of E. coli (strain ML and strain
C) showed the same pattemn of in’stability of L~serine deaminase. Various

y campounds (e.g. NajS, yeast extract, Mgtt, vitamin By,, pyridoxal phos-

.phate‘, glutathidne, formate, 5' adenylic acid, biotin, and B-mercapto~
‘ethanol) were examined for their effect on the stability of the enzyme.
None were able to stabilize L-serine deaminase; although, formate
ameaired to help slightly. These authors, therefore, added 0.005 M Na
formate into the aséay mixture. To this mixture, they-also added 0.2
mg/ml of adenylic acid. No explanation for ttzis addition was made.

1~Serine deaminase in toluene—treated whole cells of Artho-

.bacter globiformis (Bric}geland and Jones, 1965) has been shown to pro—
Iduce pyruvate linearly with time' (i.e. for 30 minutes) and to have o
apparent requirement for univalent or divalent cations (e.g. mytt, catt,

, K"', or NH4+): b'I’here'was\ no mention of the stability of the enzyme in

«* " 7. these cells. . r

L-Se.lrine deaminase in toluene-treated whole cell preparations

from Bacillus alvei has been demonstrated by Griffiths and DeMoss

-
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(1970) to be unstable in the presence of tris (hydroxyneth;zl)
aminomethané (Tris) buffer. The enlzyme was more stable in the
presence of phosphate buffer. In phosphate buffér, it had a pH
optlmum of 7.5. The three cations, K+,‘ NH4+, and Na+, stimulated
L-serine deaminase activity. The enzyme was specific for L-serine.
However, D-serine, in the présen‘ce of L-serine, was found to be a
caréaetitiviﬁimib‘itor of L-serirne deaminase. The authors, therefore,
proposed that the D-isamer can octupy the active site on the enzyme.
L-Serine deaminase was also active with some B-substituted serine
a}nalogues (‘ e.q. B—pﬁenylserine ).

Isénberg and Newman (1974) showed that in toluene-treated whole

cells of E. ooli K L-serine deaminase was unstable in the presence

12’
of glycine and L-leucine, the inci\x:ers of the enzyme. However, the

enzyme appeared much more stable in their absence. When thése cells

were incubated at 37°C (without glycine and L~leucine) 55% of the

I~serine deaminase activity was lost within one hour and 86% of the

activity was lost within two and one-half hours. The addition of \% )
L-serme (without inducers) to the enzyme preparation prevented any.

loss of enzyme activity for the first hour at 37°C. The substrate

wis, therefore, a potent protector of enzyme activit':y at least for the

first hours. Recently, Beeraj et al. (1978) demonstrated that the factors
involved in determining L-$erine deaminase stability were q{lite complex.

The instability of the enzyme was related to the nitrogen cor;tent

of the medium in which the cells were grown. L—Serine deaminas.e

was unstable when the célls wére grown with organic nitrogen (i.e

glyciné and L-leucine). This inétability was kedly increased by

incubating the cells in the presence of inducers of L-serine deaminase.

I I
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\ When cells were grown with inorganic ni?;rog}e;m the enzyme activity was
samewhat more unstable than when cells were grown with organic nitrogen.
The instability of I~serine deaminase in cells grown with inorganic
nitrogen increased when these same oelis were incubated with :'Lrbrganig
nitrogen (i.e. Mim sulfate) . Glycine and L~leucine were without

" effect.

(v)  in vitro Studies on L-Serine Deaxninaée‘
L-Serine deaminase of bacterial origin has been found to be
. musually wmstable. This enzvme has been reported in crude cell
. - e

extracts or has been partially purified from E. oli (Wood and Gunsalus,

"1949; Artman and Markenson, 1956; alfoldi et al., 1968; Rasko and

Molnar, 1971), Neurospora crassa (Yanofsky and Reissig, 1953),

Streptomyces rimosus {(Szentirmai and Horvath, 1963), and Salmonella

typhimurium and Bacillus cereus (Rasko et al., 1969), but only the

enzyme from Clostridium acidiurici (Carter and Sagers, 1972),

Corynebacterium sp (ATCC 21050) (Morikawa et al., 1974), and ot

Arthrobacter globiformis (Gannon et al., 1977) has been purified a

100 -fold or .greater. In each case, the enzyme activi—ty was lost
. rapidly in crude oéll extracts.

In 1949, Wood and Gunsalus reported that they could liberate
L-serine deaminase from cells of E. oo"li Crookes strain by autolysis
and £hat they could partially purify the enzyne‘ by axm\onlum sulfate
precipitation and adsorption on calcium phosphate gel. 'This is?ated
enzyme was unétable becoming inactivated within 5 to 15 minutes at
37°C. Adenylic acid and glutathione were required for activity.

!
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Other nucleotid:es and nuclecsides {e.g. ATP, adenosirxe-3:ptxosphate
and adenosine) and other reducing agents (e.q. cysteine, sodium
thioglyocolate and ascorbic acid) were without effect. Incubating the
enzyme with Ir-ser-ine m the absence of adenylic acid and glutathione
could not prevent the inactivation of the enzyme.

Artman and Markenson (1956) prepared crude cell extracts fram:
E. coli strain B/£ by sonication. These extracts were subject to the
purification steps previously uwsed by Wood and Gunsalus (1949). The
partially purified extracts’nﬁjj;tairxed about 70% of the enzyme activity
of the crude cell extracts. Aadenylic acid and glutathione had no
effect on the activity of L-serine deaminase. The authors made no
mentiof{ of the final stability of the enzyme.

In 1968, Alfoldi et al. demonstrated that L-serine deaminase from
E. ooli Ky, was sensit;ive to dilution and to sonication. At :
saturating concentrations of D- or L-serine the enzyme was protected
against spontaneous inactivation both during sonication and in dilute
enzyme pneparétiops. The addition of various cofactors tc.n crude cell
extracts ‘or to diluted enzyme preparations (e.g. adencsine
triphosphate, nicotinamide adenine dinuwcleotide, pyridoxal phosphate,
glutathione, and vitamin Bjy) did not affect thé enzyme activity.
Rasko and Molnar (1971) reéffimec} that L-serine deaminase .is a very
labile Dr-otein in crude cell extracts by using two mutant strains of
E. ooli K5 with very high L~serine deéminase activity [Stréins o
E. ooli Hfr C (Met™) and E. coli Hfr C (Met™, Ileu”), S-2].* The
rate of' inactivation of the enzyme was again a function of dilution.

1~Serine deaminase from MNeurospora crassa ‘(Yaﬁofsky and Reissig,

1953) has been purified 15~ to 20-fold via two ammonium sulfate

i

4
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precipitation steps and two calcium phbsphate gel treatments. The
optimum pH for L-serine ‘deamill:xase activity was about 9.3 in

. Pyrophosphate buffer and about 9.5 in borate buffer. The enz}ne
demonstrated an absolute requiremint for pyridoxal phoéphate.
Adenylic acid and glutathione stimulated the activity of L-serine
.deand,nase when added to assay mixtures either alone or together.
There was no mention of the final enzyme stability.

In 1963, Szentirmai and Horvath reported partial purification

-
.

of L-serine deaminase fréxn Strgptc‘myces rimosus. The cells v}exe
broken by sonication. The crude cell extract.was sujected to
streptomycin sulfate treatment followed ’by ammonium sulfate |
fractionation and calcium phosphate gel treatment. The purified
eilzyne wds found to be unstable. The inactiva;ion was slowest in
phospiate buffer pH 7.5 at 0°C but even under these conditions 50 to
70% of the enzyme aétiyity was lost overnight. The enzyme was o
specific for L-serine. D-Serine acted as a carpetitive‘inhibitor

of Lrserine deaminase. This enzyme was also able to attack DL-f-
chloralanine. L-Serine deaminase activity was inhibited by heavy

metal ions (Ag'', cu't, b'Y, and Fe'') at 107°M. The enzyme showed 116

2

apparent cofactor requirement, however, aminothiols and ketaonic“
-reagents were able to inhibit L-serine deanunase act1v1ty suggest.mg
~ that pyrldoxal vhosphate may be the prosthetlc growp of" thls enzyme.

I~Serine deaminase fram Salmenella t[pl\murlmn and Bacillus

cxrels (Raskc et al., 1969) have been shown to be sensitive to

somcatmn"and dilution. 'Ihe inactivation of the enzyme from

Salmonella typhmurlun oould be partlally 1nh1b1ted by the presence of

D~ or I~serine at the time of sonication or at the time of dilution,

13
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However, the presence of L-serine at tRe time of smicatiorR was

; 8

without effect in crude- cell extracts of Bacillus cereus. The rate

of inactivation of the enzyme from Sahmnella\gy;hmurlun and

Bacn.llus cereus was a fuffction of 1ts dilution. L—-Serme deaminase

from Bacillus cereus was less sensitive to dilution than L-serme

« deaminase from Salmonella typhimurium. The inactivation of the enzyme . o
. »

fram Bacillus cereus by dilution was not affected by theApresenoe. of

TR

» " »

I~serine. The optimum pH for L-serine deaminase fram both
microorganisms was 8.5 in phosphate buffer. The enzyme fram bo/tﬁ,\‘/

‘sourcesvas specific for L-serine and showed no apparent cofactor

e R VN S

- . ' ' reqmnement. L—CysteJ_ne and D—serme ‘acted as ccnpetltlve ml'gb].tors o
| of the enzyrre in elther case.
I . ‘ ' I-Serine deaminase has been purlfled a 100- f6Id or greater ‘ .
. " . : fram three mictoorganisms. Carter and Sagers (1972) purlfled

L-serme deaminase from Clostrldlun aCIalIIE'lCl 4b0+-fold. This was

' o accomplished by ammonium sulfate precipitation and colum - L oY '
N | chrcmatography on IEAE-—oellulose and Sephadex G-200. L-Serine . -

v ) deammase was sensitive to dJ.aly51s. Studleé with a variety . of small ‘ 'D IPIRLE

. nplecules (aMP, ADP, ATP, ;.—1501euc1ne, pyrldoxal phosphate, o ' |
L-threonine, glxcin'e, and I.r—serine) s}’uowed that ei?:her L~serine’ or
glycine could stabilize the eneyne during dialysis, possibly by " . e

I

» OCCWYing"ﬂ'xe active site (Carter and Sagers, 1972) . None of the . .

RO small molecules tested either stimulated or irhibited the enzyme s
. - T actlv:Lty. L-Serine deaminase was a;tlvated by catalyta.c amounts | )
| (lmM) of fef:rous‘ion (rett ) and a thiol reducing agent prlor to the

deltlon of L-serine. The réducmg agent used dur:.ng this study was

A—
‘d.l.ttuothrelto]‘.. The reaction was perfomed at pH 8.4 in phosphate

3 A r .
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V4 c}escri.bed by the -authors to be allosteric.

v. @

¥

=
<buffer.

' DEAE-Gellulose and Séphadex. G-100 chromatography.

deaminase was specific for L-serine.’

Through spectroscopic methods, I-serine deaminase gras shown
' : : : 3 ] ,
to contain pyridoxal phosphate as coenzyme. It was tightly bound to
fhe enzyme. '

 I=Serine daammase from Corynebacternm sp (ATCC 21050)

(Morikawa g:c_ al., 1974) has been purified 100+fold by ammonium sulfate

‘precipitation, heat treatment, 'DEAE-‘cellulose and t}ydroxyapatlte

d‘mnatography.‘ The .enzyme was spec:i.fic for L—eerine. 'It; was
inl;ibitéd by i:—c_{rsteir‘)e‘, L-alanine, D-serine, and L~tryptophan and h
was activated by magnesium ions- (Mv.;"'*) ’Ihe enzyme reaction was
optm\al in Tr1s—HCl buffer at pH 9.0. Kinetic studies on the
purified enzyme showed L-serJ.ne cbammase to behave in a manner
Cooperative interactions
Te degree of

cooperativity was. affected by the reaction pH and the oonoentrat-ibn

between the enzyme and the substrate were observed.

of Myt* (Morikawa et al., 1974). 'Of the variety of compounds

; exa:pined includ.i_ng‘m"'x:leotides (ATP, ADP, AMP , CAMP, or ADP—rlbose)
',vand amino acids (L-cysteine, D-serine, or L~alanine), none affected ‘

the kinetics of I-serine deaminase (i.e; none were allostsric

effectbrs of I~serine deaminase)..

toharogenelty = ’

™ Recently, Gannon vet al. (1977) pwifie® L—serme deammase from -

The enzyme could not be purified

Y

The enzyme was purlfled from - -

PR

Arthrobacter globlformls 970-fold.

-crude extract via heat treatment, ammonium }sulfate precipitation, and

L-Serine

/._, 3
D-Serine, L-threonine, and

’ L—cysbeme were not degraded by the enzyme. \{.:-Serine deaminase
. ' . ' \

demonstrated a non-specific requirement for a %x\xiva.}ent or bivalent

A
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cation. \Addltlm of KC1, NaCl, (NH4)2SO 4 Tr:.s—hydrochlbnde, MgCly,
MClp, or CaCl, st].mulated the enzyme activity. The addi tion\af .
pyridoxal rphosphate (]mM) did not affect this activity I_r-Cysteine
and D—senne behaved as campetitive inhibitors of L-serine deam:mase
L—Cysteme at concentratfons greater than 4.9 mM calsed a slowly
developmg J_rreversmle irhibition of the enzyme. The time course of
pyruvate formation by the purified enzyme, in, common with 'the enzyme
from crude extracts, was non-linear. The reaction rate incre:%sed
progx_:essiveiy for several minutes before becoming constant. In
contrast, toluene-treated whole cells formed pyruvate fram L-serine

at a oconstant rate from the initiation of the reaction, showed

hyperbolic substrate-saturation curve, and did not require a cation

for activity. The properties shown in in vitro studies were all

properties that have been proposed to piay a regulatory role in

metabolic pathways 6f living cells (Gannon et al., 1977). Since the

. properties were absent in in vivo studies, the authors concluded

that they were accidental and did not play a reguiatory role.
I-Serine deaminase has been characterized in part from

Clostridium acidiurici (Carter .and Sagers, 1972), Corynebacterium sp
/ .

(ATCC 21050) (Morikawa et al., 1974), and Arthrobacter globiformis

o

(Gannon.et al., 1977). However, characterization of L-serine

deaminase from E. coli has been much less successful. L-Serine

deaminase from Crookes strain of E. oli (Wood and Gunsalus, 1949),.

" E. coli Ky, (Alfoldi et al., 1968; Beeraj et al., 1978), and

E. coli strain B/r (Artman and Markenson, 1956) has shown no cbvious
oofactor requirénent.‘ Alfoldi and Rasko (1970) did, nonetheless,
add 5 ug of pyridoxal phosphate to assay tubes containihg L-serine

{ ) * .
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+ {1974) reported that the J.nactlvartlm rate of L-serme deamlnase frcm

* accomplished by two ammonium sulfate fractionation steps, two aoetofge

a

deaminase. No explanation for this addition was given. None of the

E. ooli studies were carried out on purified enzyme preparations.

The interpretation of the results then presents some prcblem. In

<

» preparations were the enzyme is not pure, the cofactor may be tightly

bound to the enzgme and may not be released from the enzyme despite
the enzyme's extraction ff§m the oéll; the ocofactor may be present
in the extract at high enough ooncentzrationa to maintaln the enzyme
in active form; ar the oofactor may not be r‘équired by the enzyme for

the enzyme to express enzyme activity. In such studies, it is’

" difficult to distinquish between the above stated possibilities. o

Though the bacterial enzyme appears to be wmstable in most

' species studied, purificaﬁon of L-serine deaminase of mammalian

“origin has been very successful.: The enzyme has been purified to

hamwgenetty fram rat liver 'T’akagawa ‘et al., 1967; Hoshino and I{roger,
1969; Inoua et al., 1971; Suda and Nakagawa, 197; Simon et al.,”. |
1973) | , )

The manmallan enzyme is‘very stable. Indeed, instability of

I-serine deaminase has never been mentioned. Hopgood and Ballard

rat liver in' in vitro preparations (i.e. liver hamgenates) was
sim:ilar to the rate constant of degradaticn of this enzyme in the
intact animal. The enzyge was‘ very stable both under m vivo and in
vitro conditions. L-Serine deammase retained enzymatlc act1v1ty w
to three hours when the liver hcmogenat-e was incubated at 37°C.
Nakagawa et al (1967) were the first to succeed.in purifying e

I~serine deaminase from rat liver to homogeneity. This was ]




 fractionation steps, TEAE-cellulose colt/x'rln chramatography, and by
finally allowing crystallizatioi:x of the enzyme at 4°C. IL~Serine
Geaminase was found to be specific ftsr I~serine, to require _ ,
- pyrldoxal phoéphate as coenzyﬁe, and to be a sulfhydryl (-SH) enzyme. |
. 4 Consequently, it could be inhibited by carbonyl reagents (Hunter and
Harper, 1976) and -SH reagents. No effect of nucleotides was
’ observed. A molecular wei;ht of 63,500 was determined.
By using & modification of the method of ’I\}akagaxva et al. (1967},
- Inoue et al.,(1971) ‘separated the ;:ri;stallirne enzyme into two |
hanogeneous components. Each estimated at having a molecular weigﬁt

of 34 ;000. L-Serine deaminase I and II (isozymes) had similar amino

-

“

acid carpoéition. Form I contained one; more lysyl residue and
. between ‘one and two less érolyl residues as campared to form II.
No difference in the oofactor (pyridoxal phosphate) requirement was i
cbserved. |
I~Serine deaminase in rat ‘liver is inwolved in gluconeogenesis
(Bhatia et al., 1975). The two ‘forms of the enzyme were found by
Inowe et al. (1971) to be under different metabolic regul'atory\ . é
4 coﬁj:rc;\ls. Form I, the more electropositive isozyme, was controlled
+ by corticosteroids and form II, the more ;lectzmegative‘ form, was
controlled by gluwagon. The two isozymes were appar;ntly regulat?d
by different hormones. The reg\;lation of t\:heir synthesis at then
genetic level (i.e. translation) is still unclear.
Simon ;_E al. (1973) used a novel method to isolate L-serine
deaminase from rat liver. This method involved heat treatment,
mnim §Mfate fractionation, gel filtlration on Sepharx G~‘25

Ao "colum, and DEAE-cellulose chromatography. Two isozymes were isolated

-

.

PR TR e 0 W, ROV

‘ .. -:JJ
. [ o s
aF AR .4 N AR Lr e i . AR} I P Sy AR RE ST ) e A R o, TS ST e £ T LT WL A |7 i

B - o -




19.

»

each having a molecular weight of approximately 35,000. This was in
good ég‘reexrént with the studies previously reported by Inoue et al.
aom. S » |
Simon et al. (1973) proposed that L-serine deaminase was composed

of two subunits, each having a rolecular weight of 35,000. Te
,smmits were much less active than the intact dimer. The
' dissqciation into subunits was.‘oomteracted by‘additioh of K* and
N}\I4+. Investigators (Hoshino et al., 1972; Simon and Kroger, 1974)
previously dbserved that K* and Mgt increased the pyridoxal
phosphate enzyme binding constant. Simon et al. (1973) therefore
ooncluded that the monovalent cations probably induced a slight
conformation change in the subunits of L-serine deaminase.

“  In conclusion,’I-serind deaminase of mamalian origin can be
éurified to homogeneity and is well characterized. However, I{—seriﬁe
deaminase of bacterial origin.'is very unstable, can be purified from

certain bacteria, and is much more poorl}; characterized. ’ .

(vi) L-Leuwyl-, L-phenylalanyl-Transfer RNA (tRNA) Protein Transferase
A single gene, wyb, in the E. coli K;, gename has been shown to '
influenc;e the produ:tlon of Irserine deaminase and L-leucyl-,
I~phenylalanyl-tRNA protein transferase (Tam et al., 1978). This .
latter enzyme is éne of a class of soluble enzymes known as amino-
_acyl-tRNA protein transferases found in bacterial and mammalian cells .
which catalyze the transfer of certain amino acids from a tRNA into
peptide:linkage with a specific Mirz-te.npihal res:ld‘ue of a protein
aéc‘eptor‘ (Soffer, 1974). ILrlewcyl-, I::-phenylalanyl-tRNA prote'in

1

transferase catalyses the transfer' of either L-leucine or L-phenyl-

[}
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Fiqure IV General Reaction for AmincAryl-tRNA Protein Transferase

. . - . , .
Protein Acceptor + AmincAcyl-tRNA ——————->PTrans forase rotein Amino Acid
Acceptor

SPECIFICALLY: the reaction for L-leucyl-,L-phenylalanyl-tRNA .
protein transferase

) H 0o H 0O H Co*
T P :
ﬂzn-c“—m—’01'2-012-012-.%:—c-N-<|:—c—N-------~---f1 : C

NH NH R

+2 » 2

Argn,mne Protein Acceptor _
OR ‘ .

H D H o ‘B~ )

T I -
?ZC-G{Z'_,G{Z—CH2-,C-C-N-CI‘C-N-.-...'.‘-........‘. s
NH ; NH R
+3 2

* e
Lysine Protein Acceptor
(1)
H O °H 0 H Co
) < ([ || .

HC‘»CH -CH - -C-C—N-C..C-.)]—..-.......-..-.-....
3 2 T2 v | ] -

Nd NHZ R

| - Peptide .

=0 Bond

'Y T
R—CH * - .
~N
‘m ( 1) L-leucyl-tRNA protein
2 transferase

.

. ‘
R = group of L-lewine or L-phenylalanine depending on which
amino acid the tRMA carries. d "
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alanine to the free basic e-amino group of arginine or lysine

(Leibowitz and Soffer, 1971; Mamose and Kaji, 1966) (Figure IV). ’
S Since this enzyme modifies an already made p;:ot;ein and since same
o factor in its regulation also regulates L-serine deaminase (Tam et

al., 1978), it then seemed reasonable to suggest that L-serine
" deaminase may be a substrate for this aminoacyl-tRNA protein

£ transferase. The E. coli Xj, strain, stréin MS845, which was N

" primarily studied in this thesis lacked I-leucyl-, L-phenylalanyl-
tRNA protem transferase (Deutch et g.‘ 1977). An attempt was made
to determine whether there is an};' association between the instapility
érxd/or increased activity of I-serine deaminase observed in the strain

1

s e and the 'lack of this protein transferase enzyme.

-

» (vii) Sumary .

The historical review of L-serine deaminase fram E. coli

R s demonstrates that’ the enzyme is a unique and very labile molecule

’ ‘whose metabolic role'is as yet undefined. The object of this study
) .was to detemmine same of the factors respansible for this instability.
It was hoped that the identification of such factors would aid in its
later purification and thus enable studies on its metabolic function
to be performed. , h . ‘ N
‘ . A}
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(i) Bacterial Strains

Two strains of E. coli Ky, were obtained fram Dr. R.lL. Soffer

of Albert Einstein College of Medicine; strain W4977, and strain MS845,

which strain MS845 lacking in' L-leucyl-, Ir-phehylalanyl-tRNA £>rotz‘ain
transferase was isolated after.nitrosoguarﬁdine treatment (Soffer anci
) . Savage, 1974). Strain MS845 expresses L~serine deaminase activity at
unusually high levels. All of the strains were mamtamed on yeast

extract-tryptone-agar slants at 4°C.

(i1} Growth Media | ’ ¢

The bacterial cells were grown on liquid medium camposed of
0548 (w/v) KHPO,, 1.26% (w/v) K, P04, -0.28 (w/v) (NHg),S0,, 0.2%
(w/v) MgSO4-7H20 and 0.001% (w/v} CaCl,, buffered af% pH 6.4. 0.2%
(w/v) (NH,) ,S0, was amitted when minimal medium was required in the
abéenc; of inofganig nitrogen. In all cases, a final concéntration
of 0.2% (w/v) glucose was added to the growth media providing the
energy and carbon source. Other campounds were gdded,dependingum the
requirements of the particular strain and the conditions called for
by -the experiment. L-Proline was added1 to a final concentration of
2 mg/&nl ‘L-Valine, L-leucine, L~isoleucine, and glycine were added
to a final concentration of 20 ug/‘ml. ‘ ‘

The bacterial strains were kept on yeast extract-tryptone-
agar slants which contained 1% (w/v) yeast.extract, 1§ (w/v)

tryptone, 2% (w/v) agar, 0.25% (w/v) K;HPQ,, and 0.01% (w/v) glucose.
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The cultures were periodically transferred to new slants.

(iii)  Growth of Cel}s /

Pm—culture$ of bactel:ial cells from yleast extract-tryptone
slants were prepared in 200 ml of minimal mediun containing nitrogen
with 2 mg/ml of L~proline (and/or other amino acids 1f required) and
with 0.2% (w/v) glucose as the smgle energy and carbon source in 1000
ml Erlemmeyer flask. The cells were grown overnight at 37°C in a_ ’
gyrotory water bath shaker manufactured by New Brunswick Scientific

Co., N.J., Model G76 at 180 rpm (approximation). The cells were then

subcultured to an optidal density of 30 Klett Units into four 1000 ml

N AR w W e el o AT g P T W b s ey AT Pl BT, @ Nt W ¥ S b a ey A f YA Ly e ROV A VOt L Y B Ty WS e W adgn, -

Erlenmeyer flasks, each containing 100 ml of media and allowed to grow
wntil they reach anvoptical density of 100 Klett Units. The cells were
then chilled in ice water and collected by filtration (multi-tube
filter, Cat # MI-VFA-19~2000-.27 obtained fram Selas Corporation of
America, Heat and Fluid Processing. Dresher, Pennsylvania.). They were
washed once with minimal medium without nitrogen and centrifuged at ‘
6,000 rpm for 10 minutes at 0°C in a refrigerated oentrlfuge
manufactured by I_nternatlonal Equipment Co., Needham Hts , Mass.,

Bl

Model B-20. In this and all subsequent centrifugations, the fixed

angle rotor IEC (410) was used. These cells were then used to make a

Grude cell extract.

For ammonium sulfate precipitation experiments, a pre-culture
of strain MS845 was used to inoculate a large volume closed flask "
(obtained as a present from Dr. R. Verschingel) containing 4 liters or

more of minimal medium with nitrogen, 2 mg/ml of I~proline and 0.2%

(w/v} glucose. This flask was allowed to sit in a 37°C non-shaking

§

1

3
}
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»Another‘outlet provided for the release of air fram 'the flask. 'Ihe

24

water bath until the growth reached an optical density of 10Q or more

Klett Units, In order to facilitate adequate aeration, one asparger
sat in the growth media and was attached to a campressed air outlet.
L
oells were then collected by filtration, washed once with minimal
medium w:,thout mtrogen, and the pellet was used to make a crude cell
extract.
(iv) Measurement of Bacterial Growth

Bacterial cell growth was assessed by using filter # 42, whose
spectral range is between 40Q to 460 mu in a I}lett—Smm‘e'rson colori-

meter, produced by Klett Mfg. Co. Inc., New York, Model 800-3.
) . ,

Gl Preparation of Crude Cell Extract

Cells grown in liquid medium were colledked, washed twice w1th
minimal medium without nitrogen and centrifuged al: 6,000 rpm ‘for 10
minutes at 0°C. The pellet was resuspended to approximately 20% w/v.
in 0.05M potassium phosphate buffer (pH 7.2). The cells were broken
By sonciation for one minute with a 100 Watt ultrasonic disintegrator
manufactured by MSE Ltd. London S.W.I. at top power. The hamgenate
was then centrifuged at 10,000 rpm for 20 minutes at 0°C and the super-

/

natant was used for the enzyme assay.

!
(vi) Preparation of Whole Cell Suspension
Cells grown in 11qu1d medium were collected, washed twice w1th

minimal medium w:.thout nitrogen and centrifuged at 6, 000 rpn for 10

mmutes at 0°C, The pellet was resuspended to 100 Klett Units using a \

Q-



Klett-Sumerson colorimeter with # 54 filtér (spectral range 525 to 580
mi) in Tris buffer pH 8.5, 0.03M, This cell suspension was used in

the enzyme assay.

(vii) " I~Serine Deaminase Assay

The IL-serine deeminzﬁe éssay njeasures the amount of.a-keto acid
produced from I~serine by the enzyme, I~serine deaminase (L-SD). It
was assumed that the major a-keto acid derived fram L-serine is
pyruvate. This assay is a modification of the method emplo?ed by °
Pardee and Prestidge (1955) .. The method varies from tﬁe origin:al in
that cell extract was used in place uof toluene~treated whole cells.
The incubation mixture conta;ined 0.1 ml of 0.05M Tris buffer pH 8.5,
021 ml ‘of T-serine (20 mg/ml) and 0.05 ml of crude cell extract. This
mixture was incubated in a 37°C wateg‘ bath for 10 minutes followed by

the addition of 0.9 ml of 0.025%-2,4-dinitrophenylhydrazine (INPH) in

4.1% (v/v) hydrochloric acid. The color was then allowed to develop for

20 minutes at room temperature followed by the addition of 1.7 ml of
10% (w/v) NaOH. The amount of pyruvate produced was measured on a

Klett-Sumerson colorimeter with # 54 filter (spectral range between

525 and 580 mu}. Pyruvate was used as the standard. In addition, -

blanks were preéared which contained no substrate (I—serine). It was
replaced by 0.1 ml of distilled water. DNPH was then added immediately
(at zero time). This allowed the determination of “the gm‘xmt of

. pyruvate present m the cell extract prior to the assay. The second
set of blanks contained I~serine. DNPH was added immediately (at zero
time) . 'I'nis' allowed the determination of the amount of pyruvate

produced in the time needed to add DNPH. The third set of blanks

!

~
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. contained no substrate (I~serine]l. It was replaced by Q.1 ml of
distilled vater. DNPH was then added after the 10 minute incubation’
v penod This allowed the determination of -the amount of pyruvate .
produced within 10 minutes by the extract in the absence of addition of
_ exogenous substrate. .
Toluene—treated whole cells were examined for L—SD act-.1v1ty
acoordmg to the method pnevmusly described by Isenberg and Newman
1974).

(viii) Toluene Extraction of Pyruvate Dinitrophenylhydrazone . h
Since pyridoxal phospha‘lte reacts w:lth INPH, toluene extraction
' of the DNPH derivative of pyruvate was performed (Friedemann and fHémgen,
; 1943): The incubation mix containing 0.1 ml of 0.05M Tris buffer pH 8.5,
0.1 ml of L-serine (20 mg/ml), O.I&l of miMl phosphate (100 ug/ml)
and 0.05 ml of crude extract was incubated at 37°C for 10 minutes
followed by the addition of 0.9 ml of INPH in 4.1% (v/v) HCL. The color’
vas allowed to develop for 20 minutes at roam temperaturg, A 5 ml ali~"
quot of toluene was then added, The sample was vortexed well; Four\ml'
of the toluene phase were removed ar&added to another tube contamlng '
'3 ml of -10% (w/v) sodlum earbonate. Again, the sample was vort:exed
\;Jell. Two ml of the sodium carbonate layer were removed and added-to-
a tube'containing 0.5 ml of 20% '(w/v) KOH. The sample was read on the
- filter using a Klett-Summerson colorimeter. A pyruvate standard
_and blanks having no substrate, with dlstllled water in its place, both
containing 0.1 ml pyndoxal phosphate (loo'ug/ml) , were preapred in the

' Sare manner. ¢ '
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ax] Protein Concentration B .
i
/

' -Pmteinwasdetenninedl;‘yﬂ'lenetmdofmwryetal. (1951),

with crystalline serum albumin or trypsin as a standard. men

crystalline serum albumin Was used as standard, it gawve at most, als

Klett Unit increase (i.e. 20 ng/nl of protein) in the readings as
canpared to when trypsin was used. The protein concentration of
concentrated cell extracté was 16,0 t 2.0 mg/ml. Concentrated cell
extx:acts which had been diluted 1:20 contamed O 8 - 0.2 mg/ml of
proteln and concentrated cell extracts which had been diluted l 10
ocntinued 1.6 - 0.3 mg/ml of protein.
. : @

x) Ammonium Sulfate Preciptation

Cells were grown overnight in a 37°C non-shaking Y:ate.r bath
(as descr:.bed previously) in a large wvolume flas“k containing 4 liters
o;f minimal mediym with nitrogen, 2 mg/ml of L-proline and 0.2% (w/v)
glucose. . The cells were then cooled in ice vater and collected by, '
flltratlon and oentrlfugatlon (6,000 rpm for’ 10 nu.nutes at 0 c). They

were washed once w1th cold minimal medium without nlt.rogen The oells

were resuspended to 20% w/v in cold 0.05M phosphate buffer pH 7.2. They

were then dlsrﬁpted by sonciation and the crude cell extract was, sub-
jected to treatment with 1% (w/v) cold protamine sulfate (5 ml/gram of
protein}. ' This sanple was ce.ntnﬁ}ged for 20 mmutes at 10 00Q rgn at
b’é and the ‘supernatant was:collected. Solid ammoniym sulfate was
added to a 20 ml cell extract contained in a 50.ml prechilled beaker .
surrounded by ice.‘ The sdple vas brought- to the desired -ammonium
sulfate, saturat_lm by the gradual addition of solld amnomwn sulfate.

It was stlrred slowly w1th a magnetic surrer for 20 mmutes, and then

»
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the. suspensmn was transferred to a prechllled 50 ml ce?trifuge‘.tlbe and
 centrifuged for 10 minutes at 10,000 spm..  After cenitrifugation, the
supernatant was decanted into a 50 ml and the pellet was resus-
pended in 0.05M potassium phosphate buffer f
solution fram the foregoing centrifugation

7.2. The supernatant

fuxther saturated with | § .
the desired amount of ‘solid ammonium sulfate an allowed to stir for 20 A R
" minutes on ice. The susper;sion was ggamcentrlf at 10,000 rpm for 1

1Q mi.mxtes' at 0°C and the supernatant was decanted The pellet was
» resuspended in cold 0.05M potassium phosp,hatétbuffer 7.2, This
procedure was continued for as many times as the ammoni Sulfallte' | .

~saturations were desired.

(i)  Chemicals S Co
S ’ : %C'I'lemcalsofpartlcularmterestwmchwereusedmthls
| and thelr or1g1n are llsted below:
crude INA (calf thymus) ; Aldrich Chemical Company.

ethyléne glyool; Canadian Aniline and Extract Co., Ltd..
: s ; . .
b glycerol; @inlab.

, .

ethylenediaminetetraacetic acid (EDTA) (disodium salt, standard);
Fisher Chemicals. '
crude RNA (plne) , arginine rich histones; Nutntlonal Biochemicals

'.'. ‘ Oorporatlon (NBC) g o -
. amonium sulfate (ultrapure) i Scha.rtz/Marm } ' ,
. "bovine serum a]bunm (BSA) (crystalline, 1yoph:.11zed) ' dlthlothrez.tol,

o ’ O,.B-dnhydrmcy 1,4-dithiolbutane] , dithiocerythritol, soybean trypsm |
* inhihitor (type 1-S), aprotinin frdn bovine lung containing 104 KIu/ml '- A

(KIU = KALLIKREIN inactivator units), protamine sulfate (grade II from




.l"

salmon], pl'mylmetli;r‘lsulfmylfluoride; Sigma Chemical Campany.

".All other chemicals were pur ffan Sigma or Fisher Chemical Co.

e

v -
-

(xii) Definitions and

X 1aE:1ms

The abbreviations used during this study are the same as those‘
previously described by Isenberg (1974) and Tsenberg and Newnan (1974).
1V.M + N was used by these authors to nefer to minimal medium conta:m.mg
'J.mrganlc nlt‘rogen. While, MM -~ N was used to refer to minimal medlum
in the absence of inorgam.c nitrogen (ammonium sulfate), N and -N,
respectively, we1;e 'the shortened versions of the above abbreviatians.
Therefore, in thid study #Np will mean minimal mediun with inorganic
nitrogen f:ll"ld with L-proline. . \

Enzyme 'activity[ (E.A.) is expressed as moles of p{rruvat?
pfoduced/ 10 minutes/ ml 63'3 cell extract or ymoles of pyruvate produced/
35 minutesy ml of toluene-treated whole cells. Specific activity (S.A. )

is expressed as-umdles of pyruvate produced/ 10 mmutes/ mg Protein.

- 3
4

Approprlate blanks were subtracted each time.

{xiii) other- Oonsiderations
. The initial S A, of prepared crude cell ext:.racts varied .
\‘(mle Table I). ThJ.s difference depended on the time that elapsed

. between the collecting of cells and the assaying of the crude cell
. extfact for 1~SD act1v1ty L-SD was very unsta.ble. ’Ihe mlt{.al loss
of,actlwty was rapid even when whol,q cell pellets werefailowed to sit
in ice water-for same period of tnme However,. each experm\ent was
' ‘perf’omed séveral times mthe same manner’ and the initial activities
then obtained were well cxm;arable. The decay curves, as-far as it was

1
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. compounds tO room temperature for x minutes rather than to 37°C

possihle to detenuihe, indicated the presence of only ané pepuletion
of enzyme The behavmur of the cells collected and assayed for I~SD,
act1v1t§f within the -shortest possible time showed no difference in -
behaviqur to thgse' cells collected a short time thereafter, except that
the_inital‘SA varied. : R . T

T 'lhere was also a vanatmn in the tenpe.rature at which the

expernments were performed Since the ‘enzyme was very unstable, it
. T

was decided to expose L~SD in the presence and absence of various

 (ref. to Figure IX). The roam temperature in the la.boratory
! fluctuated between 20°C and 27°C.. When the expe.rm@t was de51gned

1t was not realized that there would be s’lch a large variation in
texperatqre. . - .
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i emi:loyed by Pardee and Pregtid’gé (1955). The method varies from the

. ‘pyrldoxal phosphate 'dependent enzyme (Goldstein et al.; 1962- yre ° Py

‘ activity ‘with respect to enzyme ooncentratlon, (iii) the format:.on of -

N 2N

RESULTS - .
TEVELOBMENT OF AN ASSAY FOR L-SD ACTIVITY IN EXTRACTS OF E. COLI K

12 .

y The enzyme gsséy developed in this study ELs based on the method

. \ .
.
LN " B et

N

original pr:marlly in that cell extract was used in plaoe of toluene— !

treated whole oxells.
>

L~Serine deanu'nase' (L-SD) of animal origin is known to be a

AL ""Wﬁ

lh

and Greenberg, 1956). quever, the cofactor’ requirement of I~S.in ‘
E. coli is unclegr. The eﬁzyme from extracts of Ef‘ coli Kpo i
rountinely assayed without the addition of pyndo:al phospha& o SR
(Secti’onle part (vi)). '

To show that the enyzme assay used in this study is valid the
following condltlons were examined: (i) the lJ.nearlqr of enzyme

activ1ty Wlth respect to ture, (ii) the linearity of enzyme

product (o Keto acid) as a function of substrate concentration and ' /“ ]
(iv)  the disappearance of pyruvate with respect to time on incubation
with crude cell extract. The determination of these conditigns

(Section I, part (i), (ii), and (iii)) is analogous to that used in

this laboratory for the determination of the validity of t‘pe L~SD

asé‘ay when toluene-treated whole cells were used (Isenbery, 1974).
?or any enzyme assay, the. amour;t of product forted .incre’ases .

li}xearly with time. At 1a£er times the substrate becomes e:dmaust{a;ia

LI

\ : v
and the reaction rate declines. The selection of a time in the
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Figure V  L-SD Assay: Livearity of Enzyme Activity with Respect to
Time ' ’

-
o

\

\

. .
. % Aliquets :f crude cell extract of E. coli ::2; strain
MS845, were incubated with L—se;iné for times varying.
fram 0 to 24 minutes at 37°C. The amount of pyruvate .
produced at each time was determined. The g‘ssay was \
. performed at an L-serine cmcen&adm. of 0.07aM. The {

ordinate is expressed as ymoles of pyruvate/ml of cell

extract.
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. S ‘
.linear portion of the time course of an enzymaﬁc reaction then
ensures that -the’ amownt of substrate available will be non-limiting for
the enzyme. This alsc? prever‘lts eﬁd—pmduct inhibition and inactivation
of the enzyne\‘éDJ'Txon and Webb, 1964; \Isenberg, 1974) . Furthermore, the
initial rate of an enzymatically catalyzed neactiop is directly propor-
timal to the number of- enzyme molecules present at substrate saturation.
Thus, by increasing the enzyme concentration, the rate of the enzyne
' reaction is also increased (Dixon'and Webb, 1964; Isenberg, 1974).
. / - However, until the saturation lleve]: is approached, the rate c;f the
- , enzyme reaction\shouid be a function of the amount of substrate present

(Dixon and Webb, 1964; Isenberg, 1974).

Section I , . -
VALIDITY QF ASSAY FOR L-SD'PCI'IVITY IN EXTRACTS OF E. COLI KlZ -

' L e
(1) Linearity of Enzyme Activity with Respect to Time

To determine whether the reaction is linear with time and what

3

length of time is most appropriate for use in the enzyme assay with

crude cell extract, duplicate assay 'tubes were incubated for 0, 3, 6,
v .

,'F\ ~
i 12, 15, 18, -and 24 minutes at 37°C and the amount of pyruvate produced
each time was determined in umoles of pyruvate/ml of cell extract.. The
H \ ‘ results are given in Figure V. As illustrated, the reaction is linear

for 24 minutes. The: time chosen for the L—sériné deaminase reaction
- was 10 minutes, where the amount of pyruvate produqéd as a function of

time was linear.

e

“(di) Linearity of Ek{zyme‘ Activity with Respect to Enzyme Concentration
In order to tedt the lmearltvry of enzyme act1v1ty with respect

to enzyme concentration for this assay, various amounts of crude cell

’ . f . '
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Figqure VI , I~SD Assay: Linearity of Enzyme Activity with Respect
‘_to Enzyme Concentration ’

8o
Varying amounts of crude cell extract of E. coli K,

‘ot

r strain MS845, were incubated for 10 minutes with 0.076M
Irserine . /The amount of pyruvate produced at each
enzyme concentraticn was determined. ' :
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Figure VIT 18D Assay; Fommation of Product as a Function of

. . Substrate Concentration

@

’

Dupl::Lcate samples containing curde cell extract of
E. coli Ky, strain MS84s, were\incubafe& with 8, 15,
23, 30, 38, 54, and 76 ymoles of L-serine/ nl.

The amowmnt of pyruvate ( jmoles ) formed in each assay

tube after 10 minutes was determined.
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extract were- incubated for 1Q minutes at 37°C and the amount of pyru-
, vate produced was’ determined, As Figure VI indicates, the amount of
product formed is directly proportional td the rumber of enzyme mole-
" cules present. The initial velocity of the enzymat:Lc reaction is then
proportional to the amount of enzyme added.

It should be stressad that camparison of enzyme activity fmn
dlfferent experiments is d_lfflcult because of the mstablllty of the
enzyme activity in crude “extracts. It was impossible to control to any
degree of accurecy the amount of activity prodchd by any given extract
under normal experimental c;onditions though the pintein cancentration
varied no more than by 2 mg/ml for concentrated crude extract prepara-
tions. - ' o )

, .
(iit) lvFonnaticn' of Product as a Function of Substrate ancentratim
‘ L The formation of product as a function of, substrate concentra-
tion was exaunlned for the L—serine deaminase reaction used during this
4 study by incubating samples contalnmg crude cell extract w1th varying
‘ccncent.ratlms of I-~serine (i.e. 8, 15, 23, 30, 38, 54 and 76 M moles
of Ir-serme/ml) The amount of pyruvate produced at each substrate
| concentration after 10 minutes was determined. As presented in Figure
VII, the formation of preduct: as a finction of substrate concentration
increases untﬁ a concentration of 30 u moles of L~serine/ml is reached.
The mwn&aﬁm used t{hr'oug}nut' the experiments, 76 u 'mles of L~
serine/ml, was apparently sai:ura’timg. In_cmtrasi:, other‘;"inves'tigatars
(Alfoldi et al., 1968; Alfoldi.aﬁd Raska, 1970,: Rasko and Molnar, 1971)"
in their studies on I-SD fram E. coli added L-serine at a concentratim
of 44 umoles/ml to m‘\TeMm mixture containing 0.1 ml of their |

, . crude cgll extract.

"

$

t E ! 1
A SRR ki SRR e

V . .
9
./ prop [ REMEL RTINS PG i
BTGRPV A S e 7. 3 ovre: L L O e LR B -y " p -4 Ao

o " .



Flgm.‘e VIII L—GD Assay'

.’

o
D

a
+

~

Trne on I‘ncubat.xm w:.ﬂ1 Crude Cell Ext.ract

’

' Crude cell extract of E. coli Kype strain MS845, was'

incubated with 20 ug of pyruvate / 0.05 ml of cell

o e |
‘extract in the absence of L-serine for times varying

* " fram 0 to 23 mimttes at 37°C. The  amount of pyruvate
remaining at each time was determined. The ordinate is
. expressed as jmoles of pyruvate / ml of cell extract. -
—.\ ¢ ‘
! "4
. ) . [
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Disappearande of Pyruvate with Respect to
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erﬁ-product (pyruvate) ofthereacgmwasshmmtobestable

s

§
5

o . ) . .
v

0v) | The Disappeara'nce of Pyruvate with Respect to;Time,m Incubation
/ B

/ with Crude Cell Extract S :

1

" It has been suggested that since a smgle point assay was being
used and a very crude cell ewcgract ﬂ:xat the end-product, pyruvate, may

be copsumed by same camponent in' the cell extract. To ensure that at

least mlaﬁwly large eable amounts.of pyruvate were not '

dlsappearmg, dupllcar:e assay tubes were prepared containing ‘20 ug of

pyruvate/o 05 ml of ckll extract in the absence of L-;se.r:.ne. They were

incubated for 0, 3, 6( 9,12, 15, and .23 mmutes at 37°C and the amount,
of pyruvate remaining was measured in y molés of pyruvate/ml of oell
extract Figure VIII, clearly mdlcates that. there was no n‘easurable

chcrease in the annunt of pyruvate mltlally present.

4

In surma.ry the enzyme ‘assay employed in. thls study is val:.d. _

Experments were perfomed that showed the assay to be ear wn.t'h -Yes-

r’pect to enzyme concentratlm and time. The enzymat.lcggeactlm was' car-

ried out at. appaxently saturat;mg concentration’ of substrate and the -

‘

‘,smmmc&“mpmmmmmmmwzmmm

"Preliminary expenments showedL—serme deaminase (I~SD) to be

very wstable in extracts of E. ooli Rjp. The experiments in this
'thes:.s are J.ntended to elucidate physiological and phys:.cal factors
which may modJ.fy the extent of this mstab:.llty It is hoped that ig-

" entification of such factorrs may aid in the purlflcat.wn of the enzyme
'so that studies on 1ts metabolic function could be performed. .

As discussed in ‘Methed' the standard assay for 1~SD :anolves

" - the incubation of an extract with t~serine for a convenient penod of

time (10 minutes) and a determinafion of the amount of product

;
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(oyr Rte) ffonned This gives a measire of the amount of 1~SD act1v1ty‘

_,present i any given extract and is mferred to as :Lmtlal enzyme act-

. l‘Vl‘ty’l ." . - e

- A . {

The purpose of t\:he experm‘ents described herem is to study the ;
,stablllty of I~Sp activity in extracts. This involves incubating the

. extract WITHOUT substrate under various test conditions, and t7n adding

th

I~serine, incubating the sample for 10 minutes and determining’

amount of pyruvate formed. This measures the I~SD activity still pre-
. sent after the test incubation, and is referred to as ‘enzyme activity °
r - :
remaining’'.

‘A’ typical experiment. then is carried cut in the follcwing -

mamner. An extract is prepared from log phase cells at 20% w/v in oold

. phosphate buffer pi 7.2, 0.05M, and kept in.crushed ice. This ' ' concen--
trated' extract is diluted to a convenient concentration (1:10 or 1:20)
in the same buffer just prior to assay.- A 0.05 ml aliquot of this

. / ~ 'diluted extra is added to 0.2 ml of Tris buffer pd 8.5, 0.025M, in
cold 13 x 100 tubeé.L—Serine (1 ml) is added to one 'Set_: of tubes to glive(
a final concentration of 0.076M. This allows detémninatién of the
“initial en;})me activity. An equivalént volune of distilled water (0.1

\ ' ml) is added th the other set of tubes which are then incubated under
whatever experimentdl conditions are desired, after which 0.1 ml of L-

\ serine (0.19M) |is added to a final concentration of 0.054M. This final

concentration i stJ.ll saturating and the pH of the preparation is -
altered, One then determine the enzyme activity remaining, which .u

can be expressed a5 a percentage of the initial enzyme activity. The

% '
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Figure Ix. Eh;permantal Plan ‘.

ceil extract " - ' _ , :
+ . i © e sas
- .‘ (initial enzyme
arooind - ' activity) -
110. min 20 min '
1(37°C) .(R'm 1
IQSeri'ne DNEPH : . NaOH Q
cell extract ' ' ) : ‘
\ . {
. - ) . ‘l . s . ’
’ citppu{’d , .t (enzyme activity
' , : remaining)
Xmin 10 min ’ 20 min )

4

@l (e T) }

'to stabilize the erizyme. In,this case, the same campound is added to
both sets of tubes. This shows whether the ccmpoﬁnd affects the initial
enzyme activity or the enzyme é.ctivity remaining, or Both, or neither.

Section II

. FACTORS AFFECTING L~SD .STABILITY IN EXTRACTS OF E. COLI Ky, STRAIN

MS845

© () Substrate and Protein Concentration . _

' To detemine the effect of substrate on the stability of L-SD,
an extract of strain MS845 was diluted 1:20 and incubated at 22°C and
137°C The amount of enzyme activity remaining was determined at
various tines between Q and 30 mifites. As can be seen in Figure X~

n

.o - L
most of the enzyme activity is lost within the first 4 minutes at

both temperatures. The 5% remaining at 22°C- is retained for same time

.

-
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| Figure X° Effect of Incubation at 22°C and 37°C on L-SD Activity
- ‘? ’ ‘
!
‘ . {
] . %
Cell extrac;ts of E. coli K12' strain MS845, were , , L
* prepared in the usual manner and diluted 1:20. ‘
) ) . . : ,:: 1
These extracts were incubated for times varying fram , ' ; i
0 to 30 minutes at 22°C andl 37°C. The amount of . -
\ , )
pyruvate formed in 10 minutes following the additio‘ !
of L-serine (0.076M final concentration) was
determined. . ]
|
< / ' SR [
N » . . . » 1
. % initial activity = SR (XWIN) y,ee |
S.A. (0 min ) ‘ v ;
. | - B
O——necay of L-8D activity at 22°C S -
.—-'-—.Dgamy of L-SD aqti\_ritg ,ait 37°C . }
) .
\
B ,‘ ’ L , 5
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I-SD in strain MS845. | _ : S ' :

)
X N
o

4
)

(20 minptes) ’ thereafter. It can, therefore, be concluded that the
enzyme is exceedingly unstable in the absence of its substrate at ) . ,
various temperatures. Since the reaction with L-serine at 37°C is

1]

linear for 24 minutes (see 'Method') and without L-serine the enzyme °

activity is lost 4in 4 minutes, the substrate is clearly a potent

protector of L-SD activ1ty.

The effect of protein concentrat.xon on the stablllty of 1L-SD was
also examined. ‘Figure XI compares the stablllty of L-SD at two
different protein concentrations both mcubated at 22°C. Wwhen an
extract was diluted 1:20, elnost all (93%) of the enzyme aetivity is

lost in the first 4 minutes. An extraet which was diluted 1:10, on the

other hand, loses about 30% of its activity. It is,therefore, clear

that. both substrate and protein concentration affect the stability of

Most enzyme purifications involve manipulation of concentrated S
cell extracts at low temperature. In order to determine the stability
of these cell extracts at low temperature, concentrated cell extx:acts
from strain M5845 were incubated in ice water for 0 hours, 2 hours, and .

4 hours. The amount of 1~SD activity present was determined by using

a 1 20 dilution of the concentrated cell ‘extract. After 2 hours, 72%

(Figure XII) of the initial enzyme activity remained, and after 4 hours

40% of the initial enzyme activity remained. It is evident, therefore, .

-that concentrated cell extracts can be maintained for considerable

periods at 0°C, but even under these conditions the enzyme is unstable.

(ii) 'Various Amino Acids .- ' .

The ability of 'various compounds to affect L~SD activity was




Fiqure XI

. Effect of Protein Concentration on L-SD Activity

Cell extracts of E. ooli K, 5.

prepared in the usual mamner: The extracts were’

diluted 1:10 and 1:20. They were then ihcubated

w1thout L~serine for times varying from 0°‘to 30

minutes at 22°C. L-SerJ.ne (0.076M fmal concentratlon)‘

was added and the amount of pyfmzate produced in 19'

minutes after the addition of L~serine was determined.

v

Decay of L~SD actlnty with a l 10
dilution -

D DDecay of L—-SD activity with a 1:20
dilution ,

<
-z

LT - - - . 2.

'strain MS845, were
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Figure XII Effect of Incubation at 0°C on Concentrated Cell
. , ‘ - Extracts

oy

o Cell extracts of E. coli K 2 strain MS845, were
. prepared in the usual manner. These concentrated .
cell extracts were incubated in ice water for 0,
2, and 4 hours. The extracts were dilutéd 1:20
: - ' )
just prior to the assay and the L~SD assay was
1 ' carried out immediately. , ‘
. Y
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" tested by incubating diluted cell, extracts with and without the
'oanpomd for. 3 mlnutes at 3‘7°C followed by the addltlon of substrate.

. The amount of L-SD aci'.WJ,ty rena:.m.ng was determined. For canpa.rlson, :
the 1L~SD assay was performed prior to incubation, on samples ’

| conbai:ﬁ.ng substrate ‘and diluted cell extract with or without the

ccmpound The activity remaining after a 3 minute 1ncubatlon with and

without the compotnd is oompared to the act1v1ty seen on assaylng with .

the compound prior to incubation and is expressed as % protectlon

*

LA NP

(Table Iy. .o :

preered

of the 23 compounds tested, several allowed the retention of 7 to o T

'24% of the enzyme activity. These include D-serine (18%), ,
allothreonine (8%), Lralanine (8%), L-isoleucine (118f, o
L—threonim‘é‘ (113), L-lewcine (7%), L-valine (15%), L-proline 199,
I.r-glutamme (14%), L-methionine: (12%), L—phenylalamne (8%), |

< L~tryptophan (8%), L-histidine (24%), L-aspa.rag:x.ne (22%),

-L'-tyrosme (15%), L-aspartic acid (22%), L—glutamlc acid (13%), and
Ir-lysz.ne (7%) . The extent of protectlon is not strlctaly conparable
since same cmpou:sds'were tested with cell extracts diluted l:lO’prior '
to assay ‘and some were tested with cell extracts diluted 1:20 (as
indicated in Table I). . Prelnm.na.ry acperurents dld not indicate any
significant difference in the pattern of protection observed with 1:10
"and 1:20 dilutions. Glycine, sodium acetate, L—-arginine} L-cysteine,
.and DL—serlne methylester failed to protect the enzyme.

The reaction w:.th L—serlne at 37°C is linear for 24 mmutes

-~

Without substrate the enzyme activity is lost in 4 mmutes., This

\

1n<11caths that-{.—serlne is a very effective protector of the enzyme.

TR -

- . \

'mat; D-serine protects then may. not be surpnsmg, though many enzymes r

S .
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Table I  Effects of Various Amino Acids of L~SD Activity

WAL -

b

. J ‘ Campound Conc. in Initial S.A. S.A. %
Added Assay of Extract after + Protection
‘ - (X10m) : .3 min ‘
0 . - “5.01 0.00 -

x D-serine 54 - 0.87 18 **

’ allothreonine ‘a8 ¢ - 0.42 g ** -
Lralanine s - '0.37 8 **
sodium acetate 70 - 0.00 0 **
glycine 76 - 0.00 0 *#

! ?
0 - 2.89 0.00 -
L-isoleucine 12 3.08 0.35 1 *
L~threonine 31 2.80 0.31 11 *
L-leucine 12 3.03 0.22 7 *
| rilew/irthr 12/31 2.81 0.26 9 *.
. Irley/L-thr 12/31 3.05 0.29 9 *
L~leu/L~ileu 12/12 3.15 0.00 0 *
I~leu/I~ileu/I-thr ' 12/12/31 3.12 0.04 1 * =
, 0 - 2.4 °| o0.00 -
, . Lvaline 45 2.11 0.32 15
- * L-arginine 33 1.58 0.00 0
¢ I~proline 50 2.13 0.40 19 q
Lglytamine 39 2.14 0.30 14 -
/- L-cysteine 47 0.03 0.00 0-
L-methionine 38 2.11 0.25 12
- D-serine ag 2.08 0.00 0
nethyle;ter i
4 &
“ ——
i o P T A A P A
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. Compourid ' Conc.- in Initial S.A. S.A. %
’ 2Added ) Assay of Extract ,after " Protection
‘e ) (X107M) | 3 min
. : 0 - 2.46 | 0.00 - ;
L-phenylalanine 17, . 2.44 . 0.20 '8 ?
‘ “L~tryptophan 0.8 2.39 0.20 8 )
K ) I~histidine <, 14 2.53 0.61 24 $ -
. I~asparagine " 3.8 2.55 0.56 - 22 N
‘ L~tyrosine 0.7 2.61 0.38 15 ‘
. I~aspartic acid 26 2.64 ‘1 0.57 2 i
4 I~glutamic acid 24 . 2.59 0.34 .13 . :
L~lysine 20 2.40 0.20 7 :
, ' " 0.05.ml of diluted cell extract fram E. coli K,psstrain M5845, was
. incubated for 3 minutes at 37°C in the preserce of the campourd to be studied.'’
. This involved the addition of 0.05 ml of diluted enzyme to 0.3ml of Tris
i buffer pH 8.5, 0.014M rather than t0'0.2 ml of Tris buffer pH 8.3, 0.025M
. as in the previous experiments. L-Serine ‘was added after a 3 minute incubation
. . in the presence of compound and the amount of pyruvate formed was determined.
[4
. . X |
% protection = S.A. ( 3min ) - S.A. ( 3min )
S, | ) '+ comp . - oo X 100
. 1 ' s S : S.A. ( 0 min ) ’
* Cell extracts diluted 1:10, rest diluted 1:20 prior to assay
: **S.A. (0 min )| was taken as being 5.01
i + ’I ‘ .
. ¢t ’
; : . (
; ; t L]
{ ' ' . .
T e — e T 950 I A
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do discriminate very strongly among stereoisamers. Apparently, almost
any amino acids (allothreonine an isamer qf I~tHreonine, IL~alanine,

I~isoleucine, I:—th.reonine,' frleucjne, I~valine, L~glutamine,

I~methionine, I~phenylalanine, L~tryptophan, L-histidine, L-asparagine,

I~tyrosine, Ir-aspartlc acid, L-glutamic acid, L-proline and I~-lysine)

can interact with the enzyme. DI~Serine.methylester fails to protect

the enzyme. It differs fram serine only in that it has a metﬁyl group ¢

attached at the carboxyl end (see figure below). This suggests that

the carboxyl group may be involved in binding I~serine to the active

site. K
OFE-CH,—C-C-0 B on—diz—cij-o-cu}‘
-~ + » | +
MI3 . - . . MI3 .
serine S serine methylester
! : d

‘I‘hat sodium acetate and glycme fall to protect the enzyme is not

surprising since they lack the B—carbcn, one of the carbons on

\ which the enzyme probably acts. ;rArguune and L-cysteine also fail

to protecty the enzyme. Since Irarginine inhibits the 'initial _enzyme
activity by 26% and L~cysteine by 99%, the:.r mablh.ty to protect the

¢

enzyme is not surprising. N

¥ \
L-Ieucme and 1rlsoleucme interact-with the enzyme Nelther

“compound resenbles L-serine other than by having an ‘oa-aminb group.

When saturat.mg ccnoentratlms of I-leucine and Irlsolemm were

tested,nofurthermcreaseinpmtectlmwasobserved I.r’mremine

N
- . 5 .

55
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alsoprotects'dueenzyne Itdlffersfmnb-sermemthatlthasa_ .
methylgrwpattachedtothe 8—carbcn

o ¥ L

. Combinations of L~isoleucine, I~leucine, and L-threcnine were . r
'.\ also tested. A cmb}'xatxm of L-rthreomne with either L-lsoleuc:.ne , ‘ q'
orL—leucmehas about the sameeffectasany of these tested alone. '
However, - if both Lr-:.soleucme and I-leucine are present w1th or |
- without L-threcn.me, no pmtecucm is seen. ’I‘hus, the cmbmatlm of ‘ ic
 Imisoleucine and [~lencine cancels the effect produced by either of - !
thesecmpomdsalgne Nootfﬁ:‘ocmbmatlons ofthevarlous amino .

v -~

acldsweneatbstpted R P ' s 4

N
-

(i1i) PSA and EDTA . ,) | 0

. As indicated in Section II, part (i), I-SD stability is much

. affected by protein concentration. It might then be expected that
~ increasing the protein’ moa\tratlmbytheaddltlm ofaprotem that’ ’ *
‘ has no enzype activity may stablllze IrSD. To investigate this, - g e
bov:.riese.runa]bum.n{BSA)wasaddedtOcellextractsofE.cthlz,’
stramPB845 Dﬁutedenzynewasaddedtotesttxbescontammg%h
(0,143mg/ml,286mg/m11 Inmesetc;fassaytubemlrsermewas. L.
presmtfmnmetmetheenzymwasadded andintheotherset ‘
’Irsemnewasaddedaftera3mutemcubat1mat37°c. 'meatmmtof

pyruvatepmduoedafte:lanunutesmsdetemmxedandﬂ)e%pmtectm : S O

calculatsd (Table I1). C o
Mmthere.sultsareexpressed ashasbemdmepremwsly.. | '
they indicate that extensive pmtectlon, 31%aand 28%, ls«glven\by both oy
‘ ' 'hlgh' and 'low' BSA cmoentrat.xms, reSpectJ.vely.‘ The activ:.ty of - "’
snneamredmﬂama 286mg/m113h1gherthantheact1mtymeamned \‘
’ . - - Yorg » . ' "‘";.,{ . . ‘-a
- e ————— ek S S SN T — L |
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Table II EBffects of BSA and EDTA ?n L-SD Activity .
Compound | Conc. in Initial S.A.. | S.A. 3 Increase ~ ',
Added Assay of - after Protection in . i
(mg/ml ) | Extract 3 min “Initial 5.A.
o (%)
- .
0 - 5.05 0.00 - -
5.09 1.42 28 1
6.99 | 2.4 3 3
494 1.48 30 -0
5.24 2.00 38 4 ) !
¥
t
6.23 1.62 2% 23’
' ¥ . . -
A 0.05 nl aliquot of diluted enzyme, 1:20, from E. coli K ,, strain MS845; ’g .
was added to test tubes containing BSA ( 0, 1.43 mg/ml, 2.86 mg/ml ) and/or i
EDTA ( 0.06 mg/ml, 0.28 mg/ml ). In one of assay tubes, 0.1 ml of L-serine 1
( 0.19M ) was present from the time the enzyme was added, and in the other set . !
0.1 ml.of L-serine.( 0.19M ) was added after a 3 minute incubation at 37°C. } ’
/ The amount of pyruvate produced after 10 minutes was determined. ' ;
. ’ ' ) ' . :
% incresse in+ _° S+ (0min) - SA (0min) .
 initial S.A, T oomp . T oM - x 100
. . S.A. (/0 min ) .
° . . .
* . - S « . B °
. ~ - . g
[ 4 Abd . ®
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o 0; A vu.ﬂmtBSA - that is, BSA at thegg:er\co;xoentratim mcreases the
' '.' o agpe.rent Lﬂn-ectivity. This increaseisexpressedae '% increase in /
. initial S.A.' (Table II). There is'a 39% increase in initial S.A. of . .
CeoT theenzyme vmenlz.sﬁ‘mg/ml of BSA is present per assay tube. 4 T
o Each tes't tube contains on the average 150 ug/ml of protein. .
- The addition’ of 10 times more of inert prote:Ln (BSA 1.43 mg/ml, 2.86
“‘QAIIJLI may be’ enough to stabxl;.ze L-SD in so far as exogenous protein
can. - That higher concentr:tlons of protein (>l.43 mg/ml] then do not{ “
further increase the protection is not surprlsmg The 39% mcrease in
Jmtlal S.A. observed at the hlgher cmcentratlon of BSA may well be a N
resilt of the increase in the total protein: present dunng .dilution
ﬁ. and/om 1nh;Lb1tlon by BSA of same carponent toxic to the enzyme
, S  Another campound which stabilized the enzyne is ethylenedl
| ami.netetraagetic acid (EDTA). This canpound is an active chelating
agent a.nd is ccmnonly added to crude enzyme pre;&aratlms.\ It forms
R . catplexes with mast metal ions, thus protectiﬁg any semsitive enzyme,
pxesent. ) - ! '
’ 'meEDI'Aexpermentswerecarrledoutmthesanemannerasthe
BSA apd amino a01d experments Cell extracts were incubated at -37°C wt
withwm:mcmcentratlmsrangmgfrcmOOGmg/mltong/ml Bs : i
-can be seen in Table II, the presence of EUI‘A allowedfthe retent.lon of . | i
o L a considerable amount of enzyme activiky: between 30 to 40%. H:Lgherr, . '
° : ‘ levels of EDI.'A did not mcrease this effect.e ‘\
EDI'A and BSA, .separately, were able to protect L-SD Che-&ght o i
I ‘ L , mtap_r_:gg_emect thattheyactbythe same mechanism. What, t-hen,

woul\’:e the result of using’ then smmltaneously in the cell extract?’ T i

EDTA (Q. 06 mg/ml) andBSA . 86mg/ml) were addedtothe assaymx

. . . vt ‘ . .
'y B . .,
Ca ! R .
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26% of the enzyme activity remained after a 3 minute incubaticn at 37°C.
This is approximately the same as that given by ej:ttuer campound alane.
In addition, as when only BSA’was added, the initial 'activ_ity in the
presence of these carﬁ:ounds was increased by 23%. .
In summary,.both EDTA and BSA can protect the enzyme bﬁr about. 30%.
" However, the two effeats are not additive.” This result is rather
s(urprising. It is, nont;tlleless, possible that the BSA prepara.tim may
contain same component that binds ‘EDTA ormetal ions vand thus only the

BSA gffect is obsaerved.‘
{iv) Sulfhydryl Reagents

A comon cause of enzyme inactivation is axidation of sulfhyd.rYl
- groups (-SH) to disulfide-cross-links (S-S or to sulfate (=80 Q- mié
is frequently av01ded by the addltlm of sulfhydryl carmpounds to cell
extracts. To examine if this holds true for I-SD, cell extracts were
J.ncubated with reducmg agents, B-mercaptoethanol (MSHi ' dfthioth—
reitol (7T}, and dithicerythritol (DIE). The experiménits were carried
out in the same manner as for varlous amino ac:Lds

The effects of DIT and DIE on L~SD activity could not be
determined., In fact, both cawpounds seemed to inhibit the enzyme, .DI‘E

- @ x 107 by 308 and DTT (2 x 1074M) ‘by 79%. That is, both campounds

reduced the activity of the enz’yze'when it was tested with L-serine
from zero time (Table III). To detérmi.ne whether the decrease
observed in initial activity is a resﬁlt of the campounds reducing
" INPH, assay tubes contém.ng pyruvate (3 64"y moles/ml),, witibut
enzyme, weremcubatedw:.thﬂrrandDI‘E Both compounds decrease the
color produced with INPH (Table IV). This results fram the fact that

|

these ccxrpomds have a reducmg effect on mPH in alkalme ‘solutions

e Do Lt g

o onambne s
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. Table 1II Effects of Sulfhydryl Reagents on L-SD Activity
C;:rpomd Conc. in Initial S.A. S.A. $
Added Assay of Extract after Protection .
(x107%m] 3 minutes '
///
0 3.15 0.00 = o
DIT 0.67 0.00 0 ’ .
W ' . —\ »
DTE 2.19° 0.03 o1
MSH 36 2.89 0.00 0

An extract of E. coli K12' strain MS845, diluted 1:20 was added to ‘

assay tubes containing DIT ( 2,X 10 % ), DIE ( 2 X 1074 ), and M5

(36 X 107M ). One set of ‘test tubes contained substrate fram the

v

time the enzyme was added and in the other set, L-serine was added

after 3 minutes at 37°C. The amount of pyruvate present was

s

calculated.

]

Table IV  Effect of DIT and DTE on DNPH . I
Pyruvate Campound ‘| Conc. in - umoles of
Conc. per . Assay °‘pyruvate/m1 ]
Assay | { ( x107%)
( mmoles/ml )

3.64 . .- 3.60 ) ,

3.64 2 0.76

3.64 2 2.44

¥
!
a~t ’ .
. “ v/’




. of substrate but in the presence of ferrous ion (17 & 1073y) were

. incubated for 3 minutes at 20°C. )

4

{ ¢ ' )
and thus cause a decrease in its ocolor (Carter and Sagers ,:9?2) .

This effect could not be overcome by using smaller concentrations of

"either DIT or DIE.

MSH (36 x 107%M) had no effect on the assay or on the stability ¥

0

(v) Ferrous Ion ) . ¢

‘of I~SD.

A )

. Ferrous ion (FeH) has been shown as a requirement for the

activity of L-SD in Clostridium acidiurici (€arter and' Sagers, 11972).
{

o0

strain MS845, was examined. Cell extratts were prepared with and

The effect of ferrous ion on the ‘activity of L-SD in E. coli Ky

without ferrous ion (0.1M FeSO4)-.@nd ass;ayed with (6 x 10_3M or

- 17 x 1073M Feso 0 and without ferrous ion added to the assay mix. The

experiments were carried out as usual, using 1:10 dilution of crude.
cell extract. The résults are given in Table V. '

‘ Ferrous ion was seen to have an effect on L-SD determinations.
Adding ferrous ion (6 x 1073M o;:rl7 X 'lO_BM) into the assay mix'

increased the initial activity of the enzyme between 7 and 18%. Some

enzyme activity was retained ~(8%) when cell extracts in the absence

—~

The addition of ferrous ion during the extraction procedure had

1itt_le further effect. The time of addition of ferrous ion (17 x '

"1073w), ‘whether it be present when the extracts are made (Table V,

exp. 3) or whether it be added only to the assay tube (Table V, exp.
i

2) does not appea:r to affect the % protection. The initial activity,

however, is increased by 34% when cell extracts are prepared in the

N
l ' ;o
.
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Table V  Effects of Fe' ' on L-SD Activity -
po.| Fett conc.| Final Cone.| Initial s.a. | s.A. |s Increase
in in of - after |Protection®| in

Extract Assay Extract 3 min ’ Initial

(X107 ] (x07M) S.A. .

: b (%)
‘ 2.32 0.18 | - -
1 2.48 0.18| o 7
2 17 2.74 0.41 | .8 . 18
3 100 17 3.1 0.37 | 6 34
a | 100 23 2.89 0.57 | 13 25
5 100 33 3.17 0.55 | 12 38

e ad

Cell extract of E. coli Klz,strain MS845, diluted 1:10 was prepared with

3

3

and without 0.1M FesO, and assayed with and without 6 X 10~

M or 17 X 10 °M

Ba£04 added to the assay mix. One set of test tubes contained substrate
from the time the enzyme was added and in the other set, L-serine was added
after 3 minutes at 20°C. The amount of pyruvate formed in 10 minutes was

e
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~ presence of ferrous ion as campared to 18% when ferrous ion is
) ' . added to the assay'mix (T?ble V, exp. 2, 3).
| hssay tﬁbes contalrung both ferrous ion and cell extracts
| prepared in ferrous ion (Tible V, exp. 4, 5) id not further increase
the initial specific act1v1ty of L—SD‘but did increase the %
protectlon to approximately 13%.. "
. In sumary, ferrocus ion appears to be involved in the expression
of 1~SD between 7 and 38% and gives at most about 13% protection.
(vi) Pyridoxal Phosphate and Pyridoxine
I~SD of animal origin'is known to be a pyridaxal phosphate
dependent, enzyme (Goldstein et al., 1962; Sayre and Greenberg, 1956).
However, the cofactor requiremenf: of IL~SD in E. coli“is as yet unclear.
The enzyme is assayed routinely without the addition of py:;idoxal .
phosphate. This does not, however, exclude an involvement of
py[ridaxal phospﬁate in th‘e 1~SD reaétion.

' . To investigate this matter, the activity of cell extracts diluted -
\ S _'1:20 from E._coli K,,, strain MS845, J.ncubated with or without pyridoxal
phosphate (33 pg/nl) at 20°C vas exzmined. The usual L-SD assay could

' not be used because pyridoxal phosphate reacts vﬁ.th DNPH. Therefore,
after the 20 minute incubation with INPH, the pyruvate dinitrophenyl-

hydrazone was extracéed into toluene, in which the pyridoxal .
phosphate dm1trophenylhydrazone is not soluble The pyruvate
dinjitrophenylhydrazone was then re—extracted into Na2c03 (Pardee and
" Prestidge, 1955). The amount of pyruvate fommed in the presence of
pyridoxal ph?-nate (eg. 2.99 um pyrpyate/mg protein) did not differ
from the amount formed in its absence (eé. 3.01 ym pyruvate/mg

&
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continued ,
Table VI  Effects of Pyridoxine on L-SD Aétivity .

- . ¢

_— Cell extracts of E. Neolbt K} o strain MsS845, grown with or without
: " pyridoxine monchydrochloride ( 20 ug/ml ) were diluted 1:20 with
’ . . . . . or without pyridoxine monohydrochloride ( 20 ug/ml ) and added to
' - assay tubes with or without pyridoxine monohydrochloride ( 6 ug/ml ,
20 ug/ml, 100 uq/ml ). The test, tubes contained L-serme ( 0.076M )
fram the t.une the enzyme was added. The. amount of pyruvate formed
.in 10 m:.nutes was determlned ’

N !
.

* To obtain the % in the last colum, all.S.A. values are campared

& to 1.99 which is taken as 100% .
& B
. .
- M 1 .
' ~.NOTE: No protein difference per-assay tube when cells are grown
J ‘ with or without pyridoxine was cbserved. ’ -
2]
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protein) . Thus pyridoxal phosphate has no effect on the initial
L-SD activity. It was also unable to stabilize the enzyme.

*In conclusion, no\pyridoxal phosphate requirement could be shoWn

" by addition of exogenous pyridoxal phosphate. This does not,
however, exclude the fact that pyridoxal phosphate rﬁay be tightly

bound to the enzyme and is not released despite extraction from the

cell. ) o

| It was also considered that by growing cells in the presence of
pyridoxine,’ the size of the internal pool of pyridoxal phosphate

could then be affected. Pyridoxine, being a precursor of pyridoxal

- phosphate and an unphosphorylated “foirm of vitamin B6’ can be taken up

and utilized by.E. coli. cells whereas pyridoxal phosphate, a phosphate

form of vitamin By, camnot unless it is.dephosphorylated (Yamada et

ai. ..1977). To determine the effect of pyridoxine on L-SD act:Lv:Lty,

: cell extracts were prepared fram cells grown with and w1thout

pyndoxlne (20 ug/ml), were diluted with and without pyridoxine

(20 pg/ml) and added to assay tubes w1th and w1thout pyridoxine

(6 ug/ml, 20 ug/ml, 100 pg/ml). The results are given in Table VI.
When cells are grown in the pr.esence of pyridoxine, the initial

S.A. is tranendously increased (S A. without pyrldoxlne, 1.99; S.A.

.when cells are gro)m with pyrldoxlne, 5.45)., 'This is the most

‘striking effect on enzyme activity observed in this work and would

seem to imply that pyridoxal phosphate is involved in the expression

' of L-SD activity. From the experimental design, it is clear that

érwth of cells in pyridoxine is alone responsible for the increase

in enzyme activ1ty observed Adding pyridoxine either at the tJme

. of dJ.lutJ.on or into the assay mix has no effect on thesegzyme activity.

2
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' ¢e11 extracts of E.. coli K5, strain MS845, were prepared ‘
fram cells grown with and without pyridoxine monohydro—-
chloride (20 yg/ml) in the usual manner. The concentrated

cell extracts were allwed to sit on ice water for 0, 1/2,

.1,11/2,2,21/2, 3, 31/2, 4, 41/2, 5, 5 1/2, 6, 6 1/2,

7, and 7 1/2 hours. The extracts were diluted 1:20 prior tt'o‘ ¢

the assay and the L~SD assay was performed irmediately.

‘

F———K Cells grown without pyridoxine

‘ @'—"@Oells_grmm with pyridoxine’ . T
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" Because this increase in initial specific activity. of-L-SD is so

marked, it was hoped that the decay in’1~D activity would be less,

rapid and less extensive when the oélls are grown in the presence of .

pyridoxine. For this reason; concentrated cell extracts prepared
from celis grown with or without pyridoxiné (20 ug/ml) were incubated
in-ice water for times varying between 0 and 7 1/2 hours. The
enctracts were diluted 1: 20 jUSt prlor to assay and the amount of
pyruvate formed, after 10 m.mutes was determmed No dlfferenoe in
the decay patterns of extracts grown w1th or without pyridoxine
 ocould be cbserved “(Fii’j.ure XIII). It is evident, therefore, that
pyrldoxme cannot sta.b:LlJ.ze the enzyme, even t}mough it does increase
' the initial spec:.fl(; activity of L-SD. A
. Preliminary expenments mdlcated no increase in 1xut1al S.A.
of the enzyme when toluene—treated whole cells grown w11'h or without
pyridoxine (20 ug/ml) Were assayed for 1-SD act1v1ty ThlS is
surprising. stince crude ext'trabts of these cells g;Lve very different
L-SD values. An, exper:mental scheme was then ciesigrned to er;able us -
to campare the L-SD assay when rtoluene-treated whole cells ‘(referred
_to as 'whole cell assay') ‘and cell extracts (referred to as 'cell
extract assay') were izsed (Figyre XIV and Method) . | All values:were -
-- expréssed in p moles of pyruvate produced per ‘bgram (wet weight) of

o

cells. - .

. —al ——— - 5 L L

Table: VII shows, .the results of a comparison made between cells
grown with and without pyridoxine (20 ug/ml) using both qeu
e‘xtracts and whole cells for detection of L-SD act1v1ty The 1-SD

assay usmg toluere—treated cells was performed on E. ocoli 0011 K12

. ’ .
A @
N .

f
4 '
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Pyridoxine Experiments, S ' .
‘grow E. coli Kyo/ stram l‘SB45‘,\in , -
p +p .

pyridoxine .( 20 yg/ml )  °
A"‘/"collectan;lw%ithelie$ oo - AR .

resuspend to OD of 100 Klett Ugits ( #54 filter ).
in Tris buffﬁr pH 8.5, 0.05M

»

> perfcom wholé cell assay ( 1‘)/ ‘ 1

' - , < .
sonicate - v

- N . . v -
perfarm whole cell assay ( 2 ) and thé cell-extract assa . -
{ 3 ) om.sonicated suspensians both prepared 20% w/v

in Tris buffer pif 8.5, 0.05M : Ty

jad .

o [ 9
#pin%om debris - Y
" perform cell extract assay { 4.) w\gupernatants t iy )
0 od » [ ’

- "

resuspend. pellets in Tris buffer pH 8.5, 0405M S T )
pa.’form'grple cell assay ( 5 ) and cell . . }“ &
- extract assay ( 6 ) ) ) . .r' :

“- . . ;
“ - . 4
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. Table VII Effects of Pyndom.ne on L~-SD Ach:.ty Using Toluene-—’rreated
= , Whole Cellsiand Cell Extlfacts

<
Y t

Experiment Conditign of. ymoles of pyruvate/ % Total
——. (
( see Figure XIV ' )| Growth A gram of cells, Activity Q\ -
o ( 20 yg/ml ) | ‘
' 4 T
>t (1) -pyn 643 100
+pyndo:ane‘ 633 ‘ 100 ”
- i v ‘ . .y 4
. (2) el 420 : 65 .
7 e 600 . 95 : £
) — Ny 3
(3) 171 ' 27
‘ , . 302 48 @ iy
[ - i
. YT : .
' . (4 « 165 ‘ 26 - !
) ' 285 45 o
: : S Co
g 4 Fay
O . ’} b‘ * -, ¢
N &) 2. 34 ) )
: 250 © 39 . I BN
?.. - . AY @ ' .- , .g_ ’3-..
. . ~ > . ' , . .
. () ., . .2 . g
: . : 1 , ‘ 21 ) 3
\ xl . N o » - - : ; Vo N
- . ‘ - ‘
) . . : \ L
T M w@ﬁﬁq: Exp.. (2) or (3) or (4) or (5) or (6) »
- o L . . , .
2 v 0 *pyridoxine x 100, © . ‘
. . Bap. (1) + pyrldoxlne *n,
’. Smlarly_, for -pyndoxme
.70 . *
v
e .
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sf:ra'in MS845, grown with or without pyridoxine prior to sonicé'tion.

The 1 mples of pyruvate produced was then related back to the wet T

WElgbt (grams) of the cells. Th.lS was taken to be the total enzyme.
activity present in each set of cells. After the cells were sonicated,*

the whole cell assay was used to detect L-SD activity (Table VII,

exp. 2). Cells grown with pyridoxine show as much enzyme activity
after sonication as before. However, cells grown without pyridoxine,
.loslse 1/3 of their total L-SD activity. when the cell extract assay

4 | . \
was performed on the same sonicated suspension (Table VII, exp. 3),
e ] :
celds grown w1th pyridoxine maintain 1/2 of thelr total enzyme
&
' act1v1ty whe.rEas cells grown w1thout pyr1dox1ne maintain only about

1/3. fThis seens to mdlcate that sonlcatlon affects only. sane SO%
+ of the cells. SpJ.nm_ng dom the debrls did not 51gn1f1cantly alter
'these results ¢Table VII, exp. 4). 'The pellets contained about 40%
, (Table VII, exp. 5) of the total enzgme activity when the whole cell -
’ ’aséay was performed.. Hcmever, very small amounts (2 and 3%) of the
enzyme actJ.vn.ty were detected’ for both ‘growth conditions when the = .+

cell extract assay was “used (Ta'ble VII,-exp. §) i The :pellet, .
th;refore, consisted 1a1§é1y' of whole célls. Scme',enzyne molecules
did became apped within or between the debris and were as’a result
spm down. oo s . -
These results fay be exp ed in two ways. '.[h'é éej.ls grown

with pyrido:dne may be morﬁ‘ Y suscept.lble to breakage, &ue to a

dlfferenoe in tt\e:.r cell wall,

Y

son:Lcat.xon, or more llkely, the L=
enzyme in the presence of pyrldox’me is less lab].le to somcatlon.
\Qe observation was made ¢hat when the whole cell assay is performed_

‘ on the sonicate suspension contajning cells grown without
7

:
' - : . ® L. "
N . H \ " 4
* * - ‘ - *
«r . * . v - o : .
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pyridoxine, all the enzyme activity is recovered whereas those grown

1]

without pyridaxine lose sbout 1/3 of their activity. If one then

¢

;. considers the value 171 umoles of pyruvate/gram of cells for cells

%f grown wlthout pyridoxine to already include the 173~]oss in enzyme

. activity (when the cell extract asséy is

B

formed) in actuality

.52

sanication is effective in breakmg open

s

l/2the llsinboth

cases. that both pellets

P

‘ pyndmnne This,
activity observed is
i

sonication when cells are, grawn withe(it pyridoxine.

Increasing the pyridoxine concentration ‘%o 50 ug/ml in the growth ’ .
mec‘.a of E. coli cells dld not. alter any of the results observed in .
=, o1l

\\/,i') ' )

b

jEN

o thls sectlon

‘s

o

o

. (vii) Mucleic Acids and Histone

’

Cammercial preparations of calf thymu;! oA, pi

¥

farginine rich histones were tested as possible protestive ag

» E. coli K],’Z' strain I‘«B845. The expernnents were performed in' ithe

sani\e manner as for t'he varlous amino acids.

All the polyelectrolytes were able to increase the .1n1t1al

*
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Table 1

Effects of Nucleic Acids and Histones on 1~SD Activity

’

Campound Conc. in v | Initial S.A5 |S.A. |2 | Increase
Added Assay of after - | Protection | in
( ng/ml) Extract 3 min. Initial S.A.
. < L3
4 3 Q%)
= 1
0 0 3.16 “ | o.25 - -
crude DN 167 & 4.16 0.25 0 32
crude RA 167 3.87 0.25 o 22
histones 83 4.16 0.31 1 ;32
. (arginine) : W R N ) .
~ . ' B N . -
v R e
R . L

Cell extract of E. coli K12' strain MS845, diluted 1:10 was added to\tubes

cartéini.ng)cnﬂe DNA ( 167 ug/ml ), crude RMA ( 167 pg/ml ), and arginine

rich histones ( 83 pg/ml ). One set of assay tubes contained substrate from

thetinethemzynewasaddedardtotleotkersetlrserinemsaddedaftér

a 3 minute incubation at 20°C. The smount of pyruvate formed after 10

. minutes was calculated,

-

o
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act1v1ty of the enzyme by about 30% CI‘ablevVIIII .Nené were able to .

&

stablllze the enzyme. This m:LtJ.al act1v1ty observed may .

. well result from an ability of these campounds to inhibit same

camponent. toxic to the enzyme and/or these preparations may ccnta.m

same element thqg: enhances the mltlal activity of L—SD

w7

(viii) Compounds Affecting Proteolytic Enzymes

Since I-SD in crude cell extracﬁé of E. coli K strain

121
MS845, is very unstable the possiblity was con51dered that a

prortease may bé activated upon lysis of the cell. This prote%se

would then quickly digest the enzyme. To test this, various known

p%?:rtease mhlbltors were added to crude enzyme preparations and the:Lr

effects were noted. 4

Nane of the protease J_thbJ.tors examined stablllzed the

' .enzyme. Soybean trypsm'mhlbltor was tested at concentrations fram

1 ng/ml to i8 pg/ml, aprotinin at concentrations’fram 10 to 280 K/
ml, and phenyhtethylsulfonylfluorlde at only cne concentration of
@

570 ug/inl. Even when cell e.xtracts were made in the presence of 4

aprotinin ," no difference in L~SD stability was observed. -

In sumary, it appears t if. there is a protease acting on

this enzyme in stram MS845 it 1s hot susceptible to soybean tryps:l.n
:th:.bltor, aprot:mm or pheny! thylsulfmylflwrlde at the

concentrations tested.
N

»o

S
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(ix] Ethylahe Glycol and Glycerol *
Same of the enzymes which are partlcularly sensitivé to

N

p freez_ing and thawing can be stabilized by the addition of 10 to 50%

v/v) ethylehe glycol or glycerol. These reagents have been shown

\\

to;,have different effects, (éll of which are not clearly mderstood"
depend.mg on the temperature at which the enzyme is stored They
| | ‘can, however, provide protection smply by lowering the freez:Lng
/ po:mt of the solution _contalm.ng t{e enzyme from -15°C to -20°C,
P When 20% (v/v) ethylene glycol and 208 (v/v) glycerol were

|
- qdded to cxude cell extracts of E. coli K12’ strain MS845, both

"N
.L N carpomds were found to interfere with- the enzyme assay. 'Ihey
. were, therefore, not used. . : Cer
‘ —
Section IIT ! -
'FACIORS AFFECTING L-SD SIABTLITY IN EXTRACTS FROZEN AND
_— g:.boux , STRAIN MS845 .

4
N i

o

(i) Amount of Enzyme Activity Remaining After Fredzing

. In the course.of the study, it was notedothet crude cell
v extracts of strain MS845 could be frozen at -15°C for various
intervals‘ with cons:Lderable recovery of enzyme activity, after
thawmg at Q°C. ) ‘ '
'I‘o"d!emi:ie the actual’amount of enz‘yne‘/:ﬁts\ivity recoyered
 after freezing and thawing, crude cell extracts kere prepamd
.20% w/v m pgosphate buffer o 7.2, 0 .05M. These were \
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» : ’ ' D
J.tm\edlately frozen in 1 ml aliquots at —15°C. At various time

intervals (days), an aliguot was thawed .in ice water and diluted 1: 20

in cold phosphate buffer pH 7.2, 0.05M. The L—-SDassay was then

performed immediately. This protocol tested the resistar}pe of

ooncentrated cell extratts to freezmg and thawing. ) : C }

3
Frcm Flgure XV, it is clear that L—SD can be frozen. Enzyme
aétlwty is lost progressively over the first five days. The 30% ) i

remaining at day 5 is retained for several days, thereafter.

9

‘ ‘(ii) Comparison of L-SD Stability in Extracts Freshl;( Prepar\ and
Extracts Frozen and Thawed . ;
Concentrated extracts were prepared in the usual manner ~

' \ ) ) Inmediatrely»aaftef they were nad'e, aliquots of tﬁese‘extxacts were

‘ frozen. The renalnlng extract was diluted (1: lO or 1:20 as stated)
and the stability of the enzyme was detemu.ned After a certain
’, period of time, the frozen sample was thawed in ice water, dlluted .
\(1 :10 or.1:20) to the same extent as the freshly prepared extract, and
wl the IL-SD stab}llty was detemunefi.)‘he two condltlons are m?ened to,
as 'fresh cell extracts' and 'frozen cell extracts.' . .,

In Figure XVI, the stability of the enzyme between fresh and
frozen cell extracts (24 hours) at a 1:10 dilution at 22°C'is compared
It can be geen thaty the frozen cell extract is much less stable. It -
. o loses 678 of its activity in two minutes whereas the fresh cell o
| ' _extract loses only 27%, in the same time per:{bd These numbers refer
, to the total activity measured on the day the assay was performad '

Some activity is lost after freezing and thawing (Sectldn I1I, part ‘ -

(.1.)) In this experiment the frozen cell e;ctract retalned about 6;0%

- T, »
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Cell extracts of E. coli K12’ strain MS845,
. —_—

*'were prepared in the usual manner, These

concentrated cell extracts were frozen for 0,

1,3, 4,5, 7, and 11 days. An aliquot of the '

Grude cell extract was'then thawed in ice water

and dilute'c'l 1:?0. 'Ihe‘ 1-SD ';assay was carried out-;
- ‘inmediately.

i

) ! ’ f
| .
. i 1
o L% original activity ~ _ S.A. of'frozen cell extract' . ...
) remaining after freezmg S.A. of 'fresh cell extract'
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Comparison of L~SD Stability in Fresh and Frozen Cell

Extracts

A cell extract of E coli Klg", strain 5845, was
prepare;d in the usual manrer. Mliquots of the

concentr?t;éd cell extract were frozen. After, one - >
'y, the frozen sample w;; thawed in ice water,

diluted 1:10; and incubated for times varying

fraom 0 to 30 minutesl' at 22°C. On the rema.lnlng

fmsﬂhiy I;repared ext:c:act, the*1L-SD assay was

- performed immediately. This fresh cell extract —

1
>

ws also diluted 1:10 and incubated for times
varymg form 0 to 30 minutes at 22°C. The amomkt

.. of pyruvate produced m 10 minutes after the e -
addition of L—serme (0 19M) was detexmlned for

°

fresh ‘and fmzep cell extracts.

- . . »
f

W.—WDacay of L-SD in' fresh cell extract:

V—/Decay of L-SD in frozen cell extract
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of: ltS activity afte.r freezmg and th&bn.ng but this 80% is much less

stable.
| . [
(iii) Various Amino Acids ‘

Some of the same amino acids which stabilized.L~SD in fresh cell

extracts were examined for their effect on frozen cell extracts. These

inclnded I~isoleucine, L-leucine,’ Irtnr_eorﬁ.ne, and their combinations
(Teble IX). All were able to stabilize L-SD. The $ protection
observed was, however, greater in‘frozen cell extracts (I~isoleucine
22% vs..11%, L-threonine 28% vs. 11% and L-leucine 19% vs ‘7%) .
Moreover, since the Fresh cell extracts were tested at a 1:10 dilution
and the frozen cell extracts at a 1:26 dilution, this difference in %
pmtectlon may be even greater {Table I vs. Table IX) . ”

These amlno acids in oonbmatlon showed much the same pattern as
w1th fr_eshly prepared ‘cell extracts. ~The combination of L~isoleucine
and L~leucine with or w1thout L—ﬂ‘zfeonine‘cancelled each others
effects in fresh ‘cell ektracﬁs. When tested on frozen cell extracts,

¢ e

however, they allowed same protectlon but less than either alone.

The Freezing_and thawing process may well alter the conformation

of the enzyne in such a manner ‘so that it can more readily interact
with these oarpounds This change may then be reflected in the %

pmtect.lon observed.

[

(lv) BSA and EDTA |

L~SD in frozen cell extrécts was stabl,llzed by BSA and EDI'A

- Thetinitdal activity of the enzyme was also increased by both
! a ) . ' .
‘ concentratidnsl of BSA tested (Table X). These results are similar to’

”n
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. ' , Table-IX Effects of Various Amino Acids.on L~SD Activity
. . » , = N
. ° [ . . s
.Campound : Conc. in Initial S.A.+| S.A. |8 - L
Added Assay of after _|Protection .
(x1073m) | Extract -| 3min :
[ —- - -
0 S 0 - 211 | o0 |* - |
I~isoleucine o122 . 1.94 0.44 22 ’
L-threonine a1 2.28 0.64 28
. I-leuwcine 12 224 0.43 v '
i [] £/ ) .
L~ileu/1~thr 12/31 - 1.69 0.19 11 v,
L-leu/L-thr ) 12/31 . 2.07 '0.55 26 - .
I~ley/L-ileu 12/12 1.67 0.24 14 - o
’ ' N 3
& IL-lew/l-ileu/L-thr 12/12/31- | . 1.88 | o0.28 I ,
v - . s - _’

\ . - N .
" e p
. . -
. . ) o . o S
! * . . . -
-

An aliquot of concentrated cell extract of E. 0311. K 127 stra.m M5845,

) vwhich was frozen for one day, was thawed in ice water and dlluted 1: 20. ’ R
A 0.05 ml aliquot of this dlluted enzyme was then -4dded to- test tubes, ¢
contm.mngL—:.soleucme(lZXlO M),L—threomne(BleO M), ’ / T

o) -7 Y IeTeucine ( 12 X 10” M ),and their ccmbmations. In ore set of assay <
' ) tubes, 0. 1%l of L-serine ( 0.19M ) was present from the time the enzyme
wasadded andmtheoth@rset, OlmlofL—serlne(019M)wasadded
after a 3 minute incubation at 37°C. 'Ihe’"amount of pyruvate’produced . e
after 10 minutes was calculated.’ . , /

i
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_ Table X Effects of BSA and EDTA on L-SD Activity

, W Conc. in Initial S.A. S.A. % Increase in °
Added Assay of ’ after | Protection |Initial S.A.
{mg/ml) Extract 3 min (%)
0 - +1.94 0.00 - -
BSA 1.43 < 3.10 "0.83 7 |. 59
“0 - 2.40 0.00 s -
BSA 2.86 3.08 1.05 - 34 28
. v LY
0 - 2.40 0.00 - -
EDTA 0.06 ’2.46 0.68 28 AN
0 - - 2.33 0.00 - -
EDTA 0.28 2.30 0.69 30 -
0 - 2.38 0.00 - -
EDIA/BSA | 0.06/2.86 | 2.18 0.55 L

Concentrated cell extracts of E.’coli K12' strain MS845, were frozen
(.and thawed in ice water. A 0.05 nl aliquot of a 1:20 dilution of the

concentrated enzyne preparation was agded to assay tut_:es cbntaining

BSA (1.43 ng/ml, 2.86 my/ml) and/or EDTA (0.06 mg/nl, 0.28 mg/ml).
One set of test tubes contained substrate from the time the enzyme
was added, and in the other set, L-serine was added “after 3 minutes

" at 37°C. The amownt of pyruvate formed in 10 minutes was determined,

O
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those obtained w1th fresh cell extracts except that 1.43 mg/ml of BSA
mcreased the J.m.tlal act1v1ty of L-SD in frozen cell extracts bhut not

. in fresh cell extracts. This may be related to the fact that the
engyme is less stable after freezing and thawmg (Figure XVI) and may,
therefore, be Tore sensitiie to protein concentratlon

The\effects of EDTA and BSA in combination were once again not

addiih:iveb.. The combination did not increase the initial activity of
1~SD in frozen cell extracts as it did in fresh cell extracts. The %

protection was about the same in both cases. .

b

(v) Ferrous Ion

i

, In frozen cell extracts, the initial activity of L—-SD was agaln
increased (Table X1j. 'Hmlever, ‘t‘:his increase was athut 30% gregter
than that observed in fresh cell extracts. The % Apmtection was aleo
7‘% gﬁeater when ferrous ion was added, alone, to the éesay mix in
frozen cell extracts as canpared to fresh cell extracts. When cell
extracts 'were frozen yith ferrous ion (0.1M), the % protection was
about the sam:a as tha4‘t: of fresh cell extracts made with ferrous ion

(0.1M). It appears ‘then that ferrous ion is:very much involved in the

¢

expression of 1-SD after the enzyme preparation has been frozen and ’ -

thawed | :

(vi) Pyridoxal Phosphate

Various concentrations of pyridoxal ‘phosphate (1.7 ug/ml o .
.430 yg/ml) were added to frozen cell extracts. Pyridoxal phospHate ;
had no effect on L-SD in froien cell extracts 'Sust as it did not in '

fresh cell extracts. oo . -
/

i
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{(vii) Ccmpounds Affecting Proteolytic Act_lv1ty

The same’ concentrations oﬁf soybean trypsin inhibitor and
apxt;t.min were tested with frozen cell extracts as with fresh cell j .
extracts. No;le were ablewto affect the stability of I~SD in frozen

* cell extracts. . -

Section IV

COMPARISCN OF L~SD STABILITY IN TWO STRAINS OF E, QOLY Kl2

(i) L-SD Stability in Strain W4977 ané Strain MS845
The strain of E. coli Ky, (i.e. strair}'lVBBLIS) studied in the

preceding sections of this thesis was chosen bécmse 'it expressed

1~SD acti‘vity at an 11msually high level. This high level is not
' further increased by growing the cells with the two amino acids,
L-leucine and glycine, ,which usually induce L-SD (Beéraj et al., 1978;
Isenberg and Newman, 1974). The increased L~SD activity and .its lack
of inducibility are accompanied by a lack of a protein Mfying enzyme, .
I-lewcyl-, L—phenylalanyl—-t’RNA protein transferase. This enzyme
carries either an Lrieucine or an L-phenylalanine to a specific "
protein acceptor molecule which hais a free basic e-amino growp of
afginine or lysine (leibowitz and Soffer, 1971). This post-transla-
.tional addition of an amino acid to an already made protein could then
Iserve as a rapid requlatory system for that protein if the activity of
the acylated form were different from that of the non-acylated form.
. Strain W4977 has normal levels of L-SD; L—ED activity is S

AP o -

\ incréased when coells are qrown withglycine or L-lelUcine. It is also
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known to possess an L-leucyl-, L—plilenyalanyl-tRNA protein
transferase (Soffer and Savage, 1974). Strain MS845 is a mutant of :
strain W4977 obtained by nitrosoquanidine treaénent (see 'Method').
If L-SD were an acceptor fox; the prot;ein trasnferase enzyme, it o’ould
then be that the L-SD would be acylated in strain V'J4977 but not“ in
strain MS845. If this acylation affects the conformation of the
en‘zym\e,' this might be reflected in a difference in the enzyme stability
in the type of experiment used in this work. |

L—S;D stability‘ in two strains of E. coli K, , which expreél‘s L-SD
activity at \;ery different levels was compared’ (Table XII). Fresh
cell extracts from strain W4977 and strain MS845 were made and diluted
1:10 in the usual manner. ‘A 0.05 ml aliquot of this diluted sample
was then added to the assay mix. One set of test tubes contained
substrate -from the timé the enzyme was added and in the other set,
I~serine was added after 3 minutes at 27°C. The activity remaining
after the 3 minute incubation in the absence of substrate was campared
to the activity seen on incubation with substrate and is expressed as
% remaining after 3 minutes (Table XIT).

‘ The 1-SD of strain W4977 appears to be considerably more stable
than that of strain MS845. Strain W4977 retains approximately 62% of‘
the initial e.nzyrnfa acti\:ity after exposure to 27°C for 3 minutes in
the ahsence of substrate, whereas, the transferase negative\.straih,

étrain MS845, retains‘only 26%. The data, therefore, clearly shows

that L-SD is more stable in strain W4977 at this ténperature. However,

strain W4977 loses alr'nost all (94%) of its.-activity in 3 minutes at

37°C as does strain@l\5845 when tested at the same protein concentration.
. (
Both enzymes are extremely labile at higher temperatures.

<
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Table XII  Comparison of L-SD Stability in Strain W4977 and Strain MS845
~ . Strain Initial S.A. SA. % Remaining
of after after .
Extract 3 min 3 min ‘
A . ) ‘
s ’ . W4977 1.45 " 0.90 62
. MS845 3.38 ’ 0.89 26 )
' - ‘ )
Fresh cell extracts:from E. coli K ,, strain Wd977 and strain MS845, were
. made and diluted 1:10 in the usual manner. A 0.05 ml aliquot of this
, diluted sample was added to 0.2 ml of Tris buffer pH 8.5, 0.05M. After
, 3 minutes at 27°C, 0.1 ml of L-serine (0.19M) was addéd and the amdunt of
. pyruvate produced was determined. The protein concentration of both the
-
diluted samples were found not to differ by more than t 0.02 mg/ml.
. 14 .
. N ' Bemaining  $.A. ( 3 min )
. . . after 3 min  —— X 100
| T K ‘ S.A. ( 0min)
‘ s . 4 “
! \ - 1 hd
| : . Cells from both strains were grown on +Nplg.
. Y .
i:‘ + N
. .
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No _d_glrute answer to t‘he qu‘estion 6f' whether acylation of I~SD
is 'responsible for the differences observed in L-SD activity in the
two strains .can be obtained until the enzyme has been isolated and’
purified to homogeneity. Thischas as yet not been -possible since the

. enzyme is so unstable.

(i1) Various Amino Acids

Same of the same amind acids which stabilized L-SD in fresh cell
extracts of straim MS845 also stabilize fresh cell extracts of strain
.W4P'7,7. These includé L-isoleucine, L-leucine, L-threonine, and their

combinations (Table XIII). Thesk amino acids alone and in combination
show much ‘the same'pattern‘as that seen with strain MSB45 (Table I).

’

This data, therefore, does not give evidence that the structure of L-SD

¥

in the two strains is different.

(iii) 'Mixing' Experiments Performed with Strain W4977 ard Strain
[ .,

MS845

‘ll‘ 7

. L-SD fram strain W4977 is ;:onsiderably nore stable *(40%), than
1~SD from strain M5845 at 27°C (Section IV, part (i)). The stability

of L-SD that is observed at this temperature in strain MS845 could

well arise as a result of the fact that L-SD in strain MS845 is '
. AN
inherently less stable (i.e. is structurally different fram L-SD in

L]

. strain W4977), or that there is some factor which destabilizes L-SD in

I ‘ .
strain MS845 but which is absent in strain W4977, or that there is

. \

‘some factor which stabilizes L-SD in strain W4977 but which is absent
!
in strain MS845. An experiment was designed which might have been_gble
' $

to show which of these possibilities is responsible -for the instability

{
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Table XIII 1) Effects of Various Amino Acids op L-SD Activity

.

Campound Conc. In 7| Initial S.A. | S.A, 3
Added Assay of after Protection
(x 20" 3M) Extract 3min |} | B
0 < 0 . 1.04 0.04 -
L~isoleytine 12 0.96 0.15 1
L~ nine : 3 0.86 0:13 10
Leleucine 12 0.91 0.17 14
L-ileu/L-thr 12/31 0.91 | o0.10 6
L-leu/L~thr 12/31 0.88 0.12 9
L-leu/L-ileu 12/12 ©1.03 0.05 1,
L-1eu/Lilewfdthr 12/12/31 0.84 0.00 0

«

Conoentrated cell. extract of E. coli <12, strain W4977, was made and
diluted 1:1Q, in t.ho- usual manner. A 0.05 ml aliquot of this chluted
sample. was then added to test tubes contamlng L-isoleucine {12 X 10~ MJ ‘
L-threonine. (31 X 100 M) , L-leucine (12 X 10~ M) , and their combinations.
In ore set of assay tubes, substrate was present fram the time the enzyme
“was added and in the other set, I-serine was agicied after a 3 mnute
incubation at 37°C." The amount of pyruvate produced after 10 minutes

was determined. . . . .

1
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Table XIV °Mixing Experiments Performed with Strain W4977 and Strain &8845

i

{ € <
* Time of ‘ % Initial S.A. ‘ *

| Adding ——
. | I~Serine| Strain Strain Strains Strains

(min) MS845 w4977 MS845 : W4977 MS845 : W4977

‘ 1:1 1:2

) 100 100 © 100 100

o2 17 1

14 6

4
6 1

»

E. coli Ko, strain W4977 and strain MS845, were grown on +Nplg. .
ncentrated cell extracts were prepared in the usual manner. They
_ were then diluted 1:10 or mixed (\l:l or 1:2) and then diluted 1:10,
as usual. The decay of L-SD from 0 to 6 minutes at 37°C was determined.
The initial S.A. of the enzyme preparation (0 minutes) for strain
MS845 was 3.50; for strain W4977, 1.06; for strains MS845 : WA977

k. 1:1),.2.36; for strains M5845 : Wa977 ( 1:2.).2'.24. y )

. N ’ )
\ , o ,
.

.




of I~SD in strain MS845.

Concentrated fresh cell extracts of strainkMS845 and strain ‘I
W4977 were prepared. Varlous a:mounts of these two concentrated cell
extracts were mixed (Table XFV) and the mixture was diluted 1:10 in
the ususal manner. The remaining extract from each strain was also !
dilut::ed 1:10. The stability at 37°C was determined for each sample. o

These are referred to as 'mixing' experirrénts.
As can be seen in Table XIV, the addition of cell extract from
strain W4977 to that of strain MS845 did not, in any way, decrease
the decay of L-SD from strain MS845, although cell extracts from
stra;in MS845 may have an effect on the decay of L-SD fram strain
W4977. No clear cut answer could be cbtained from this data. The
extracts from strain MS845 and strain W4977 were sonicated
separately. The hamogenates were then centrifuged ( see'Method') and
- the' supernatants were used for the mixing e)peri{rents (i.e. the
extracts were first mixed and then diluted). This procedure requires
> the manipulation of the enzyme over extended periods of time 'durir}g :
which time the enzyme is spontaneously inactivatiné. Thus the decay
of I-SD in the mixing experiments is not directly comparable to the
*  decay of L-SD cbserved from either .strain MS845 or strain W4977. This
’ could have been préx;ented, in part, if each strain after washing was
 first measured out in wet weight' added to the same beakér ;“esuspendgd )
in phoé;:hate buffer and then scriicated simulta}leomly. This would
certainly have circumented the need for the extract to sit in ice ,
water for any length of time. .
1f the first mixing emerzﬁmt, oontaining one part of L-SD fram

strain W4977 and one part of L-SD from strain MS845, had given an

»
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additive effect for L~SD activity when the mixture was exposed for J
times varying from 0 to‘ 6 minutes at 37°C then 'the cell extract of

strain W4977 would have contained same factor which stabilized L-SD -

in strain MS845. If one-half of the activity remained, tHen the L~SD

of strain W4977 would be structurally different fraﬁ that of strain

. /
MS845. Only, the L-SD activity from strain w4977 would have been seen.

If, however, no activity was observe‘d, the cell extract from strai:n

MSB45 would have contained some factor which destabilized L-SD in

strain W4977. Unfortunately, thié experimental procedure was wnable

to provide any clear answers. Furthermore, mixing experiments, when

they were performed at 27°C in the s:me manner, were no more SuCaess- .

ful at qgiving information as to why L-SD in strain W4977 appears to

be more stable than IL~SD in strain MS845.
A

»

Section V - \
AMMINITM SIILPI.{ATE PRECIPITATION OF L~SD FROM E. COLI KlZ’ STRAIN
MS845 | -
4

(i) Effect of Ammonium Sulphate‘ Precipitation on L-SD activity

Certain enzymes, which are wnstable in crude cell extracts, are
much more stable after purification. The first most cénmonly used
step in purifying enzymes is prec':ipitatic?‘n by ammonium sulphate since
it is highly soluble and also effective. As a first attempt at
purifying I~SD from E. ooli Ky,, strain MS845, several ammonium
sulphate’ fractions were prepared and the.L-SD activity in each Was

assayed. ’ ' .

Cell extracts from strain MS845 were made 20% w/v in phosphate

®

l w
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buffer pH 7.2, 0.05M, containing 0.026M FeS0,, These were -then -
_ : >re -the

treated with protamine sulphate, as descrjbed in rnethods, to remVe

mx:lelc acids. The protamine sulphate pxempltamm of rmc:lelc amds

L

dld not affect (lower) the initial amount of the enzyne acta.v1ty

- .

present. , .

* Various amowunts of solid ammonium sulphate (Table XV) were added .
1 " '

to crude oell extract kept in ice water The, armormm sulphate did

not interfere with the-I~SD assay. H‘owaver, only 50‘ to 60% of the
1~SD activity was recovered after ammonium sulphdte ((NH4)2SO4) -
treatment. Most of the enzyie precipitated between 10 to, 508 .
~(w/v) (NHy),SO0, saturation. As can be, seen m Ta?lé‘ W, the 10 to
15% (w/v) (NH,),S0, fraction containéd 25% of the initial enzyme
act.1v1ty and the 25 to 508 (w/v) (NH,),S0, fraction contained 3l% of
the mltlal enzyme act.wlty Most of the” oell protein (73%) also
precipitated in the 25 'to 50%. (w/v) (NH4)2so4 fraction. No L-SD
activity was present in the supernatant fram the 50 to 75% (w/v)
(NH4)2SO4 fraction.. . ] )
'I‘he proteins that precnpltated out at 10 to 25%° (w/v) (NH4)2SO 4
‘saturatlon (containing 3.36 mg of probem) and 20 to 50% (v{/v) ‘

(NH4)2504 saturation (oontaining 11.40 my of protein) were resus—

pended in phosphate buffer pH 7.2, 0.05M, containing 0.026M FeS0,.

. N '
These samples were then dialyzed overnight at 0°C against two liters

.of phosphate buffer pH 7.2, 0.05M, oontaining 0.026M FeSO4. No
enzyme act1v1ty was present in either sample after dialysis. These
experiments were then rot purswed further. t

< .
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L DISCUSSION
L ‘ - ' . -
" The work prese.nted in ﬂus thesis deals with various aspects of
U /}aeez.y‘ne deaminase (L~SD) actlnty in crude cell extracts of E. ml;‘
o klz',,"jmumgh this eﬁzyme. has been studied since 1938 (Gale and
‘ <’y Stephensan, 1938), little is known about id\ To.date, purlflcatlon of -
L—SD to homogeneity fran oells of E. ooli has not been achleved The
Er\zyme is extremely lab:Lle, both under in vivo (Isenberg and Newman
1974) and in vitro conditions.
+ - '. - Various aspects of L-8D éctivit;v in crude cell qxtract:s of
- . E. ooli Kys have been examined. These include its in vitro instability, ™
its requirement for ooféctér(s) and compounds which act as inhibitors, .
et " as act.lvators, or as proflectors of enzyme aCt.'LV.Lty These tudies will
» be’ dlscussed in detail in the following sections. ' L ]
B ST .» ' | '
4 - (i) In.vitro Instability of L-SD
. | (a) Influencé of Protein Cmcentratlon \4’/\ , Y '
; During this work, it has been possible to develop a crude cell . ~
extract systen Wl‘l}d’l maintained L-SD activity at a level at which it |
" could be ;t\:died.: This crude cell extract system was used to
investigate varioué aspects of the enzyme act;ivity.
. The ;tabilify,of L—SD’ acdvity is markedly dpendent on protein
R - » , " concentration (Results: Section Ii,‘ part (i)). Extracts dllute;i 1:10
lose oniy abou£'30% of the enzyme “aptivity\ w1thm 4 minutes whereas
" . extracts diluted only two-fold more (diluted 1:20) lose most (93%) of
. tl}e activity. Both experiments were pelr‘gogned at 22°C. However, the
e ‘mbst eonc;ent;ated. cell extract studied even when allowed to sit in

g ice water, loses 40% of the enzyme activity within 4 hours. It is

.
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clear, therefore, that extracts can be manipulated in ;the cold wher; oon-.

;Jentrated but even under these conditions the enzyne activity is

L unstable. | l

) éoncentrated cell extracts are' clearly unstable even at 0°C. They
can, howeve;r, be sﬁored frozeri (Resuits: Section III, part (i)) but
lose 7.0% of tl;ei_r activity in 5 days. The epzyme activity in extracts

) | frozen and thawed is mich less stable (Results: Section III, part (ii)).

‘The frozen cell extract diluted 1:10 loses 67% of its activity in 2

? ' minutes at 22°C whereas the fresh cell extract loses only 27% within

the sare time period. Same activity is lost after freezing and |

'thaw:ing (20%). The remaining enzyme activity is much less stable.

~ Since L-SD activity is more stable at high protein

oonoe‘ntr:ati.on, ~the fact that BSA protects tiqe enzyme is perhaps not

surprising (Results: Section II, part (iii) and Section III, part (iv)).

Each test tube contained apprtgod.mately‘lGO ug/ml of protein. The

addition of 10 times more of inert protein (BSA: 1.43 mg/ml, 2.86 mg/ml)

this exogenous protein can. Higher concentrations of pmtéin (> 1.43

.mg/ml) did not further increase the protection cbserted. Adding BSA

d to test tubes containing diluted enzyme '(dilmfd 1:20) also increases
ye

the initial S.A. (39% for fresh cell extract and 28% and 59% for
frozen cell extract) observed. It i/s/tﬁen possiblea'that we are not
measuring the total eellular activti,ty present in the crude cell
Wh§; is the"enzyrreétivity in a conoggtrat;a& Jpreparation more
E stablf;-’? possib}e/,e{planations exisﬁt from what is known abcn.\xt controls

. .
. * ‘ s
/ ‘ . ’
.
_ .

e extracts. ’ e ‘

v g
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. may be enough to stabilize L-SD (approximately 30%) in so far as )
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" similar or different polypeptides) and (2) covalent conversions

_ (L.e. enzyme—-catalyzed covalent changes') .

of enzyme activity. Control of enéyme activity can occur either by a
change in the quantity or ca?aiytic éfficiency of the enzyme. The
quantity of an enzyme can be regulated by a change in either (its rate
of synthesis or its rate of degradat'u;n. The former involves »
regulatqry mechanisms that may act at the transcriptional level (i.e.
induction and repression) and tJ:.I;e latter involveé Iegulaﬁory 'mechanimps '

7
that act at the level of protein turnover.

(@1’}
4
b

We shall first be concerned here with requlatory mechanisms that
re'versiblyw alter the catalytic properties of enzymes. Following thls
discussion,™we shall examine mechanisms that iead to irreversible
alterations of enzymatic proteins. Both topics’ will be discussed as .
they relate to the data obtained on I~SD stability. . -

*  Requlatory mechanisms that reversibly alt;er the catalytic
éropert.ies of enzymes can be catagorized into (1) protein-protein

interactions (i.e. non-covalent and reversible interactions with

. «c
(1) Protein-Protein Interactions ' I o
Protéin-protein interactions can be founé in a wide variety of
biological processes (Fiieden, 1971). The -interactioﬁs are of two (j _-
kinds: hom:ﬁeric g:rc')tein interactions and heteromeric'protein |
interactions. In Flm':m\eric protein interactions' only similar s:ubunits <
of one prot:ain -are involved (i.e: the subunits are involved in changaing
the.ir degree of dissociatdion or polymerization). Examples of such
enzyn:es are acetyl-CoA carboxylé's? (Ndna_, 8974) . CTP syptl\mase (Levitz}éi, ’ .

1975), and beéf—liver glutamate dehydrogenase (Engle and)D\alziet, 1969) .
e ) : i




‘ polymerization of the enzyme back to the inactive monomeric form. In
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Acetyl-CoA carboxylase (Numa, 1974) is under allosteric control

£y 3

bécause polymerization of the inactive monameric form to a

~ filamentous structure or active homomeric form is triggered by the

binding of an allostericveffector, citrate or isocitrate. The

substrates, ;\TP and UTP, dimerize CTP synthase (Levitzki, 1975)\. Beef- ’
liver glutamate dehydrogenase (Engel and Dalziet, 1969) undergoes a

concentration deperndent polynerization—depolyneriza'\tion. In dilute

solutions the latter enzyme exis.ts primarily in ‘\che dissociated

inactive form. In concentrated solutions where beef~liver

glutamate dehydrogenase exists in a polymerized active form, the

presence of GTP or NADH (allosteric inhibitors) changes the ‘degree of

_heteromeric protein interactions two different 'proteins are involved.

:I'heir association alters the overall ’nature of the c‘atalytic act_ivit.y
of the aggregate (Frieden, 1971). Hetercmeric protein interactions
are classified into two catagories: molecular conversions and non-
covalent interactions. In the case of molecular opnver.%ions (Monod and
Jacob, 1969) the assoqiat_ion of two proteins, where both proteins may
or may not be enzymes (i.e. have catalytic activity), bestows new
catalytic properties onto the complex. Examples of such complexes
where both proteins jave enzyme activity are tryptophan synthetase
(Kirschner Aand Wiskocil, 1972), anthranilate synthetase (Zalkin, 1973),
and mammary gland fatty acid synthetase (Libertini and Smith, 1978).

Examples of complexes where only one protein has enzyme activity and

" the second .is a non-enzymatic polypeptide which acts as a 'specifier'

of the enzyme activity (i.e. specifies substrate specificity) are RMA ,

polymerase of prokaryotes (Duffy and Geiduschek, 1973; Horvitz, 1973;
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N Chamberlin, 1974) and Q8-replicase (Wahba et al., 1974; Thelander and
Reichafd, 1979) . In non-covalent interactions only one of the proteins
which associate has enzyme activity. 'I‘his_enzyme activity is increased
.or decreased (activated or infu‘bited) in the presence of a second, non-—
enzymatic pro‘teinj (Frieden, 1971). Often, if the enzyme has more than
one substrate, the non-enzymatic¢ protein component: determines which
substrate w;_ll bind to the acﬁve site (Frieden, 1971). Some examples
of such interactions include lactose synthetase (Ebner and Magee, 1975;
Powel and Brew, 1975), aspartate transcarbamylase (Schachman, 1972),
and protein kinase (Reimann et al., 1971; Krebs, 1972). For a
thorough discussion of each individual enzyme' the reader is asked to
refer .to the references given herein.

SN

Since the activity of L~SD from E. coli K12 (Results: Section II,

part (i) and (iii)) is markedly dependent on protein ooncent';ration' ,
and smge adding BSA to diluted enzyme preparations increases the
| initial S.A. observed it is then likely that protein-protein

interactions are stabiiizing 1~SD. L-SD from E coli Ky, may be a

polymer cc;nposed of two or more swbunits. Upon diluticn, the enzyﬁe

may dissociate into its subunits, being inactive or much less active

than the holoenzyme.‘ The addition of BSA to assay tubes could

prevent depolymerization of the enzyme thus stabilizing the enzyme

‘-against degolynérizatién and against inactivation. The increase in

initial S.A. cbserved would then resglt;. from increaséd polj/merization N
thus raising the initial S.A. observed over that found under assg[y

conditions without this inert protein. This ooncentration dependent
polymerization-depolymerization phenomenon is not uncommon in the

4
‘ ‘ ) 5 .
literature. As stated previously, it has been observed with beef-

ki

K,
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liver glutiamate dehydrogenase (Engle and Dalziet, 1969). The enzyme

is’ inactivated by dilutioﬂ . In concentrated prgpa.rations ::his enzyme
exists as a polymer and f5 active. L~SD from rat liver shows a

,_similall: inactivation pattern (Simon et al., 1973). Upon dilution this
marmalian 1-SD’ dissociates into two subunits. These subunits show no
or very little enzyme activity..' The dissociation'by dilution can be
prevented by the addition of K* and NHj* to the enzyme preparation.

The cations probably reassemble the submi£s to the native enzyme thus
activating the enzyme at low enzyme concentrations (Simon et al., 1973). °
Several investigators have indepéndently reported that L-SD in some

microorganisms ‘is unstable upon dilution. In Bacillus cereus (Rasko

et al., 1969) and in E. coli K1 (Alfoldi et al., 1968; Rasko and

Molnar,1971) the inactivation of L-SD was found o be a function of

its dilution. To date, no mechanism for this inactivation has beeni

discerned. Cw o :
The activity of L-SD from E. coli K)5 in extracts frozen and

thawed is much less stable than this same activity in fresh cell '

extracts (Results: Section III, part (ii)). The process of freezing

and .tha;wing r.nay alter the conformation of the enzyme in such a way so

as to make it more sepsitive to denaturants. The subunits of L-SD

after the process of freezing and thawing may more readily diséociate

or the process of freezing and thawing, itself, may partly depolymerize

the enzyme so that little ex%a depolymerization is necessary to

ccmpletely inactivate the enzyme ThlS could then account for the

decrease in stability observed. ’I‘he addition of exogenous protein,

(85A) Bould stabilize I-SD (Results: Section III, part (iv)) and

increas:\t.he‘initial S.A. of the enzyme for the same reasons as the

(]
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anes given for L-SD cbtaihed from fresh cell extracts.

(2) Covalent Cb’nvers_ion's ‘ \
Krebs and Fischer (1956) wére the first to discover oovale;xt
conversims when they cbserved that mammalian glycogen phosphorylase
can ex‘:Lst in ;wo interconvertible forms, phosphorylated a (active)
and'demosphozylated‘}g_ (inactive). To date, several enzyme systems
have been discovered which undergo enzyne—cataiyzéd'covalent_
oonve]:s.ions. So far, five types of conversions have been found. These
include phosphorylation (Krebs and Beavo, 1979), nucleotidation
(adenylylation and uridylylation) (Shrake et al., 1978), ADP-
ribosyiation (Moss and Vaughan, 1979), methylation (Springer et al.,

1979) and thiol oxjdation (S-S/-SH conversions) (Buchanan et al., 1979).

Each of the five covalent conversions is reversible by an appropriate

.

A8

enzyne(s). \ ’

Modification of peptide acceptors by NHy- terminal addition of °
aminoacyl residues (Soffer, 1974; Deutch and Soffer, 1975), tyro-
sylations (Raybin and Flavin, 1975), and proteolys'i.s can be included as
examples of covalent conversions; however, these proéesses are unidi-
rectiocnal. Deutch and Soffer (1975) believe that the purpese of some
.of these alterations (amincacylations) may be to prepare the proteins
fofproteolytic degradation. If this proves to be true, then these
alterations are not involved in regulating the activities of enzymatic
proteins. At the present t;une, the role of these aminoacylations and

tyrogsylations in living cells is unclear.

During this study, no a'ttempt was made to. determine whether 1~-SD

from E. ooli Ky, was modified. However, we did attempt to analyze the

differences in stability of L-SD from two different strains

/ ( i
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(strain MS845 vs. strain W4977) of E. coli K,, differing in a

part.lcular enzyme (i.e. L~leucyl-, L-phenylalanyl-tRNA protein

transferase)

Straln\MS845 obtained by mtrosoguarudlne treatment from strain

w4977 lacks t‘he tRNA protein transferase ,(Tam et al., 1978) and shows

. further increased when cells are grown ‘with glycine or L-leucine which

normally induce the enzyme (Beeraj et al., 1978).

particularly high levels of 1~SD activity. This high level is not

If L-SD was an

~acceptor for the pmteln transferase moleauile men L—SD may be

acylated in strain W4977 and not in strain-MS845.

If thJ.s acylation

then affects the conformation of the enzyme this might be reflected

in a difference in enzyme stability.

£

I~SD from strain W4977 is more stable (about 40%) than L-SD from

strain MS845. However, the type of experiments performed in this work

(Results: Section IV, part (ii) and (iii))were unable to show that the

-

1ack of the am.moacyl—tRNA protein transferase is in fact rvefalsponsmle

for the dlfference in the L—SD stablllty observed in the two strains

or if some other factor {s) stabilized L~-SD from strain wa977.

Next, we shall examine mechanisms, that lead to irreversible

alterations of enzymatic pnoteins. Following this discussion, we
' A\ .

shall examine how these alteratibns may affect the activity and ‘

stability of I~SD from E. coli Ki3-
from Yimited proteolysis such as with proenzyme-enzyme and prohormone-

hormone conversions and from protein degradation.

Irreversible changes may result

Examples of

limited proteolysis are the formation of serine proteases from their,

corresponding zymogens (Neurath et al., 1973), the cleavage of

proalkaline phosphatase to alkaline phoéphatase of E. ooli (Inouye

-
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and Beckwith, 1977), and the conversion of fibrinogen to fibrin

(Davie and Fujikawa, 1975)\, Most of the above mentioned systems are
well understood. The reqgulation in t,:hese cases is functioﬁally, but
not operationally, the same és induct{ion of enzyme synthesi.s and is not
involved with the control of enzyme activity. Much less '\:Jell understood
than the irreversible changes discusseé in the above systené is protein
degradation.

Degradation of proteins has been studied in same detai].\under
protein turnover. It was believed for some time that er;zymes'in
‘microbial systems unlike those in mammalian cells were completely
stable or turmed over slowly, that enzyme concentrations were a result
of their rate of ;ynthesis , and that the oonce’ntration of a protein
could only be altered by dilution through repea{:ed cell division
rather than by protein turnover (Holzer et al., 1975). These ideas
were dispelled once radidactive amino acids were used to label prote"ins,
and determine quantitatively their different stabilities. Generally,
th;a rates of total protein -tumnover are lower in growing (1-8% per hour)
than in resting microorganibans (5-20% per hour) (Holzer et al., 1975; .
Goldberg and St. John, 1976). The highest protein turnover thus far °
calculated (8% per ﬁom for growing cells) is not enouwgh to account '
for the L-~SD instability observed ;i.Ilt this study unless L-5D belongs
to a set of enzymes that turnover pafticularly rapidly. 1

Turnover has been described as a dynamic process -of intracellular

' protein breakdown and resynthesis (Goldberg and St: John, 1976). In
mammalian celis there is a constant balance of proteins which is

adjusted according to changing environmental conditions without

extensive cell growth, The turnover then reflects the equilibrium
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beuveén‘pthe synthesis and dec‘p:adation of the protein(s), both processes
being separately controlled (Goldberg and St. John, 1976). |

In 1970, Schimke suggested that the rate of degradation is
different for each protein (eg. ornithine decarboxylase, hydroxy-
methylglutaryl CoA reductase, and actin have half-lives (%1/2) of 11
minutes, 2 hours, and 120 days, respectively (Goldberg et al., 1976)).
He p,roposed that the degradation rate is determined by oonfor_métion._
Proteins can be degraded only if they assume one of several
conformations. Different degradation rates would arise depending con the
conformation of the enzyme. This would be detemi_ngd by the number and
nature of labile peptide bonds preédent in a given conformation and/or
by the interaction of the enzyme with some molecule that would alter
its conform;':ltion.

A wide \;ariety of factors have been found to determine the
degradation rate of a given protein. There appears to be a correlation.
between the size and charge of proteins and their relative rates of
degradation (Schimke, 19.73) .- The proposed correlation between the size

!

of a protein and its rate.of degradation is basedé-on the overall
’ s

. greater chance of a large protein being hit by a proteolytic enzyme.

It has been found that the'lower thé isoelectric poiht of a protein the
higher is its turnover rate. Therefore, highly negatively charged and Rhos
larée proteins are essentially designed for high turnover. There are,
however, n{a_ny excepti‘ons to this model so that structural (physic'al)
features do not necessarily disclose the reason for the varied rate of
turnover observed for different proteins. It is generally believed that

if a protein has substrate, cofactor, or coenzyme bound to it, the

protein will be protected against degradation (Katunuma, 1973;

- .

r
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Goldberg et al., 1976) .and that denatured proteins are much more
" sehsitive to proteolytic attack than ﬁative ones (Goldberg, 1972).
These aberrant proteins are selectively eliminated from the cell.
Proteases are thought to be responsible for the degrada{tion 61:' .
pProteins (Mandelstam and Halverson, 1960 Goldberg, 1972; Roberts et al.,
1977). In manmallan systems three( types of proteases (i.e. acidic
(cathepsins), neutral, and alkaline prloteases) are found (Segal, 1976).
The acidic protea'ases.are lqcated in t;lzxe lysosame and are active at acidic
pH's. Pro i% are fiegraded in the lysosame and the amino acids are ‘
transferred to the cytosol. Ne;utj.ral proteases are located V\e
cytosol as are a]kallne proteases. 'The latter act1v1ty is also
associated with nenbrane ffactions. Only alkaline and neutral protegses
are present in E. oli cells (Goldberg and St. John, 1976). Their
. localization within the cell appears‘ analogous to that of alkaline and
‘neutral proteases of mammalian oells . |
Since proteases are responsible for protein dec_}rédation and since

the stability and activity of L-SD from E. coli Kl in crude cell extracts

2
is noticeaBly affected by protein concentration then BSA or protein

oonoentratlon can help to stablllze 1~-SD by protecting this enzyme \

fram belng attacked or degraded by a protease(s) With increasing

amounts of protein present in the preparations (Results: Section II,
part (i) and (iii)) the proteasek)has more protein to act on and is

less likely to attack this enzyme. This can account for

ot

the increase in L~-SD stability and activity observed with increased

protein concentration.

When these same extracts of E. fcoli X, are frozen and thawed the

e

enzyme activity is much less stable (Results: Sect:%én\III, part (ii)).
. : A
, Lo
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The process of freezing and thawing m;ay a}ter the conformation of L-SD
" in such a way so that it is now nore,sm:',ceptible to protease att:ack.
The addition of exogenous BSA (Results: Section III, part (iv)) would
Stabilizé L-SD and increase the initial S.A. of the enzyme for the
_same reason "as the one given for fresh cell extracts.
(b) Influéi’x:e of Protease Inhibitors
‘Since’ D in crude cell extracts of E. coli K12 is very unstable
the possibi:fty was considered that masked proteolytic activity may’ be
activated upon disintegration of whole cells by{sonicai:ion. For this
reason protease inhibitors were examined for their effects on L-SD
stability in crude’cell ax:.:racts of E. coli Kjp. None of the
probeése inhibitors at the concentrations tested stabilized L-SD.
During this study, ap;otinin, soybean trypsin inhibitor, and
phf;nylrreﬁlylsulfonylflmride were examined for their effect on L~-SD
stability in crude cell extracts of E. coli K12 (Results: Sec_:tion II,
part (viii) and Section III, part (vii)). Aprotinin is known to
inhibit kallikrein (éritz et al., 1967; Fritz et al., 1979), trypsin
(Colman and Bagdasarian, 1976; Vogel and Werle, 1970; Fritz et al.,
1979), and chymotrypsin (Fritz et al., 1979). Kallikreins are serine
proteases found in the pancreas, submandibular glands, urine (kidney),
colon etc, of manmals. They exist m these tissues as inactive ) ‘\
proenzymes and are activated upon limited proteolysis. Soybean trypsin
Mibitor (type 1 - S also called Kunitz soybean trypsin inhibitor
(SBTT)) is known to inhibit trypsin but not chymotrypsin (Birks, &
1976) and phenylmethylsulfonylfluoride inhibits serine proteases .

(Proutry and Goldbérg, 1972). Of the three protease inhibitors
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added to crude cell extract preparations only soybean trypsin
inhibitor was tested at comparable concentrations to those used in
other studies on protein degradation in E. coli (Pééaud and Uriel,
1971; Pacaud et al., 1976; Pacaud and Richaud, 1975; Strongin et al.,
1979) . In fact, thex:e was no mention of the use of aprotinin in any
study involving degradation of pmfei.ré in microorganisms. A large
Variety of serine protease inhibitors (e.g. diisopropyl flL‘DIO"‘:Q
phosphate, phenylmethane sulfonyl flwride and toluenesulfonyl
flwride) and trypsin inhibitors (e.g. aromatic diamidines,
dibromopropamidine, pentamidine, and tosyllysine chloromethylketone)
are available, several of which could have been tested for their
effects on L-SD stability in crude oel.l extracts of E. ola Klz.g
It is not wmoommon for a protease to respond to different degrees to

each protease inhibitor from a given class of protease inhibitors.

Protease I (Pacaud and Uriel, 1971), protease II (Pacaud and Richaud,

1975), and ISP-A-Eco (Strongin et al., 1979) Af'E. coli are all
inhibited by diisopropylfluwrophosphate but not by phenylmethyl-
sylfonylflworide. Both chemicals are serine protease inhibitors.

They react covalently with a serine at the enzyme active site

(Gladner and Laki, 1958). During this study, it would have been ,
worthwhile to prepare the crude cell ex‘tracts of E. ooli K12 in the
presence of any of a b@d variety of protease inhibitors preseﬁtly
available (Colowick and Kaplan, 1976). Certainly rmore t}'na)?;‘one

protease inhibitor should have been examined in this"tegard. In o
suma;'y, one must ooncluée that the experiments in this,gectior‘l >
were incomplete.

N .
The existence\%f proteolytic activity in bacterial cells has

k™ i
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been known for sometime (Goldberg and St. John, 1976), however, very
few studies on purified bacterial intracellular proteases can be found

in the literature. Intracellular serine pfoteases have been purified

<

.

fram Bacillus sp (e.g. Bacillus subtili?j strain A-50, (Stepanov et al.,

1977) and Bacillus thuringiensis var. berliner (Lecadet et al., 1977)).

Their involvement in protein turr;c;ver, cellular distribution, and
other properties have been determined in thes;. species. Although
E. coli is‘the most widely studied microorganisms, limited knowledge
i;s available about its proteolytic system. This is due to the fact
Jthat the isolation of proteases from E. coli oells\prese.nts same

problems. The proteases are present at extremely low concentrations

within the E. coli cells and there is little knowledge about their

¢ substrate specificities. To date, some five proteases have been

purified to homogeneity from extracts of E. coli. The chymotrypsin-

| )
Yt

like protease I (Racaud and Uriel, 1971; Pacaud et al., 1976) and
trypsin-like protease II (Pacaud and Richaud,’ 1975) have been studied
in sawe detail. The three other proteases, ISP-A-Eco, ISP-L-Eco,
and protease III have been only recently purified to homogeneity and
little information is available about them. ISP-A-Eco (Strongin

a Coy

et‘al., 1979) is a serine protease. It has been found to be similar
in its properties to protease II (Pacaud and Richaud, 1975). Both

enzymes are completely inactivated by diisopropylfluorophosphate

s - '

whereas phenylmethylsulfonylfluoride.is without any inhibitory

effect. Chelating agents (EDTA and EGTA (édlyleneglycol—bis

*

(B-aminoethylether) N, N'-tetraacetic acid) and soybean trypsin

inhibitor do not affect their activities. It has been suggested

that protease II and ISP-A-Eco may ‘be one and the same enzyme

i
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-(Pacaud and Uriel, 1971) hydrplyses N-acetyl-DL~phenylalanine-2-

(Strongin et al./ 1979). ISP-I-Eco is also a serine protease and is

'similar in propertles to the serine protease 1solated from Bacillus

subtilis, strain A-50 (Strongin et al., 19%9) Both proteases show °

the same sxbstrate Specificity' (i e. rapidly hydrolyse N-benzoyl-Di~
argmme—p—mtroamhd—:) and both are oonpletely mact.lvated by A
dlmopropylflmrophosmate o? phenylmeﬂlylsulfonylflmrlde and EDTP
or EGIA. ISP-L—Eoo has a strict requirerent for Ca‘*‘*. 'Ih;.s protease
is.st;abl'e and can be stored for scmetife (weeks) at 4°C. Protease I

naphthyl ester, a chymotrypsin substrate. The enzyme is inhibited by

diisopropylflmfophosphéte ‘but is resisfdnt to phenylmethylsulfonyl-' *

‘fluoride. Metal chelating agents, sulfhydryl agen'ts,b and several

" metal jons (Catt, cu'™t, Hg™, m*t, 26+, mt, R, or gt hile mo

effect on the enzyme activity. Protease III -(Cheng and Zipser, '1979)
requlres a dlvalent metal ion (zntt, Co++, or MnH') for act1v1ty and
is very active against small molecular welght proteins (< 7, 000 MA)
(e.g. auto o and ‘insulin B chain). 'Ihe enzyme is sens:.tlve to

dithioth:ceitol It has .been proposed that protease IIT may be the

. major enzyme mvolved in the degradatlon of small proteins in ‘crude

A

has been 1solated and partially purified by Regnler and Thang (1975)

1 extracts (Cheng and leser, 1979). Another protease, protea.se
l

crude celhextracts of E. ooli. tlhé enzyme is most active at
9. Its enzyme act1v1ty is sensn:x.ve to EDm and resistant to
dlLtthﬂlreltOL The EDTA-inhibited protease A can be reactivated by
Mg, Mt oor CaH' but not by Zan These same authors (Regniier and °*
" Thang, 1972; Regruer and ’mang, 1979) have been able to demonstrate |

that proteolyt.lc act.wlty is greatl.y enhanced by som.catlon and that
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this activity is primarily (70 to 90%) localized in the outer \

mﬂ.ini;rane of E. ooli. It is not known %at najnbrane—bound pfotease (s)
is responsible fortthis proteolytic activity. Another _intersestingx
feature of intracellular protéin degradéxtion is its apparent energy -
requirement (Murakami et al., 1979; Goldberg and St. John, 1976) .
Récently, Murakami et al. (1979) examined the rapid degradation of
abnormal proteins in E. coli by an energy-dependent process. ATP was

found to stimulate the hygirolyslis of nethylapqhelmglobin; EDTA and

diisopropﬁzlflmrophosphate strongly inhibit this degradation process.

N—etlrly"ht\aleinliae, a sulfhydryi inhibitor, causes some inhibition.
This inh_ibitiox/m is mcreased in the pnesencé of ATP. It is not known
what proteolytic‘er;zyrre(s) is involved in thJ.s degradaﬁon syst’en.
Although geveral proteasés:»%ave been purified from E. coli cells their
role in the proteolytic system of these cells is uﬁclear. At the
present time, there is no co?relation between the degradation of a

given protein and the types or nuber of proteases involved in that

degradation. In fact, it is not known how many proteases are present ‘

within an E. ooli cell.

r

-

(c) Influence of Various Amino Acids
Twenty~three amino acids were exanu'.ned.;‘.’or theiriébility‘to
affect 1~SD stability in crude cell thragts 'oE E. ooli Kjj. Several
allow the retention {from 7 to 24%) of the enzyme activity. L—Ser:u;e

is a very effective protector of thé enzyme since the ‘reaction with

L~serine at 37°C is linear for 24 minutes; without substrate the

enzyme activity is. 1ost in’4 minutes. That D-serine then protects “may

not be suwrpriding thouwgh many enzym;s _do discriminate strongly anong

¢

4
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stereoisamers. The presence of the o-amino growp (the o ~imino gmup

of L—proiirie)‘ of the various amino acids (Results: Section II, part
(ii)) appears to be sufficient for the enzyme to integgct with ghem.
The inability of Dlrserine met;hylester to protect L~SD suggests%at
‘the cdrboxyl group may be involved in the binding of L-serine to the

active site since this’ oorr;bgnd differs from serine only in that it

(has a methyl. group attached at the carboxyl end. That sodium acetate

and dlycine fail to protect the enzyme may n.ot be surprising (sir’\cve
: ’ oo

they lack the B-carbon one of the carbons on which the enzyme /

Pprobably acts. ; /

when combinations of IL~isoleucine, L-leucine, and L-threonine "

~are used in cell extract preparations, an interesting and consistent ‘

\result is obtained (both for fresh and frozen cell extracts). A
cammédon of I~threonine with either L-isoleucine éar L-leucine
has about the séme effecf; as any of these tested alone (Results:
Section II, part (ii)). When both I-isoleucine and I-leucine are
- present with or without L-threonine, no protection is cbserved.
| Therefore, the c/:ombi'natiqri ‘of I~isoleucine and I~leucine cancels
.the effect pnbduded by either of these compounds  alone.

This ev'e.nt may be attributed to any one of several ‘emlanation‘s.
. Both L-isoléucine and I-leucine may bind to t)he enzyme in such a
manner that the conformation of L~SD is so altered that the enzyme is

[>]

no lor;ger stabilized by these amino acids; neither bind to the

2 K K3 13 ‘ . [ )
enzyme because both are competing: for the same binding site (as in the

case of competitive irhibition) and are therefore antagonistic to one

- another; or since the study deals with crude cell extract, the

possibility cannot be dismissed that these amino acids (any of the
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. 23 tested) may be. affecting some other conpg)nent other than L-SD

which in tumn dffects L~8D acuvity. '

Since L-serine igthe moit effective stabilizer of L-SD, crude .
cell extracts can be prepared m the presence of L-serine. "I'he ,
enzyme may ﬁ'len pqs§ibly be purified¢by passing the crude cell extract
through a i.—serine—agarose affi-nity colum. The enzyme should bind ¢
bo the immcbilized sxbstrate $arose particles. The protein could
then be eluted specifically with L—-serme in phOSphate buffer.
Although such an experlment was never perfomed durJ.ng this study, it
may be used for future purification studies on L-SD.

The ability of various amino acids to affect L-SD stability from

various sources has been examined 'in a number of studies. In 1968,

Alfoldi et al. reported that L-SD from E. coli was sensitive to

 dilution and sonication. Saturatj.ng concentrations of D~ or L-serine .

were found tq protect the enzyrrsjfrom inactivation. chever, these
two amino acids could not protect the enzyme during purlflcatlon .
p:o'oedunes'.' Rasko and l;b\;nar.(w?l) ¥eaffirmed that when L-SD from . '
E: coli [Strains E. coli HEXC (Met™)and E. wli HEC (Met~, Teu’).
§ - 2] was incwbated in an assay mixture containing high L-serine

’ [

concentration (40 - 50 ug/ml), the dil‘uted enzyme ‘(diluted 100 to

200~fold) was protected "against inactivation. Slbseqmﬁtly, Carter

and Sagers (1972) were able to show that L-serine or glycine could

stabilize L~SD from Clostridium acidiurici during dialysis, possibly
/

. by ooccupying the active site. All these studies were performed on

preparations which contained different degrees of purity of the L-SD
molecule. Studies on preparations where the enzyme is not pure are

subject to the same limitations as described for our studies on crude
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(ii) Cofactor Requirement;
The maintenance of enzyme act;ivity and/or conformation may B
require the presence of various cofactors (Lehninger, 1975). -A ‘
- ‘oz;f;actor can be a metal ion (e.g. Fe' of carbonic anhydrase (Gibbons
~and Edsall, 1963)) or an organic molecule referred to'as a coenzyme
(Lehninger, 1975) (e.g.l lipozc acid and thioctic acid which partici-
pate in the enzymatic oxidative deca.rboxylation of o-keto acids
between thiamine éyrophosphate aﬁd boenzyme A{Guirard and Snell,
1964)). A distinctibn between a prosthetic group and a coenzyme

' (i.e. cofactor) is often made. Prothetic group refers to a cofactor

which is tightly bound to the enzyme (Lehninger, 1975). Its loss
may render the protein inactive and would then be an absolute |
- ' requirement for enzyme activity (e.q. pyridoxal phosphate in I-SD

of Clostridium acidiurici (Carter and Sagers, 1972)). Some enzymes

reqlﬁm the involvement of both a cofactor and a coenzyme for
ex;ﬁession Qf the enzyme's catalytic activity. Seri;qe hydroxynet}'n;/l—
transferase is an example of such an enzyme. It requires both | §
pyridoxal phosphate and tet-:rahydrofolate (THF) for activity (Schirch
a;ld Mason, 1963). A cofactor may be used (a) to stabilize the.
conformation of the enzyme thus Irendering it catalytically active; v
(b) to bind substrate and enzyme; or (c) may be part of the cgtaly‘t;ic
| center (Lehninger, 1975). In the case of uridine diphosphiogalactose-
4-epimerase, ’uridine diphosphate glucose acts both as coenzyne an‘d D
substrate (Kalckar, 1957). Coenzymes generally serve as acceptors

or donors of functional groups, of atoms, or of electrons, that are

ro
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_transferred in the overall reaction (Lehninger, 1975).
The cofactor requirement of L-SD has been studied in many systems;
mfor;tmately, not always on purified enzyme preparations making any
". clear deductions sometimes hazardous. In non-homogeneous systems,
it is difficult’ to determine whether (a) the cofactor is tightly bound
to the enzyme and is not ’releas'ed despite its extraction from the cell;
(b) the cofactor is present in the extract at a sufficient ‘
L concer:tration to maintain enzyme ac;tivity; or (c) the enzyme does not
. require a cofactor for activity. For e;xample, while 1-SD from!’
mammalian cells (Selim and Greenberg, 1959; Goldstein et al., 1962;
Simon et al., 1973; Hunter and Harper, 1976) and from Clostridium
acidiurici (Carter and Sagers, 1972) requires pyridoxal phosphate as
a wfagtor, it is not a yequirement in the assay for L-SD from(
E. ooli. Part of our intention is to clarify the role of pyridoxai
phosphate with respect to L—SD‘from E. ooli Ky,.
, . While the addition of émqe.nous pyridoxal phosphate has no effect
on L~SD activity, it may nonetheless be tightly bound to the enzyme.
’ yPyridoxal phosphate may not be released fragﬂ the molecule despite tﬂe
enzyme's extraction from the qell. _ 'This is a common enough phenomenon
with transaminases and decarboxylases (Guiraf:d and Snell, 1964). When
an enzyme is available in purified form, various reagents (aminothiols,
sodium borohydride, ketonic, and reducing agents) can be added which
release pyridoxal phosphate from the protein moletule. If the enzyme
is pyridoxal phosphate requiring, it is inactivade by these ocompounds
(Guirard and Snell, 1964). Since L-SDrcannot as yet be purifie ,M
such attempts were made here 1 . |

' The addition of pyridoxal phosphate (1 mM) to the assay mi
A | :
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containing I~SD purified 970-fold from Arthrobacter globiformis

(Gannon et al., 1977) did not increase’the activity of the enzyme. The

same result was obtained when macta.vated enzyme was preincubated with

‘ pyrldoxal phosphate for 30 minutes'prior to assay. The activity of

L~SD from Clostridium acidiurici (purified 400-fold) (Carter and

Sagers, 1972) did not increase or decrease upon the addition of

pyridoxal phosphate (1 mM) to the assay tube., However, spectroscopic
. |
methods indicated the presence of pyridpxal phosphate within the

enzyme .’ Treating L-SD with sodium borohydride resulted in the loss of

, most (90%) of the activity of the enzyme. Sonicated samples from

E. ooli Ky, (aAlfoldi et al., 1968) containing L-SD activity showed no

apparent ‘cofactor requirement. The addition of pyridoxal 'phospr‘late

or other possible mfaé&rs (e.q. adenos:'i.ne triphosphate, nicotinamide,

adenosine dinucleotide, glutathione, or vitamin Bg) did not alter the

enzyme activity. (
Several other studies were able to shaw a pyridoxal phosphate

involvement in L~-SD activity. In Neurospora crassa (Yanofsky and

Reissing, 1953) the addition of 4 x1077 M pyridoxal phosphate to
inactivated enzyme was required to restore the activity of the enzyme
to one—half maximal velocity. Griffiths and deMoss (1970) added 40

n moles of pyridoxal phosphate to each assay tube ocontaining toluene-

treated whole. cells of Bacillus alvei, although providing no
explanation for ‘i:his addition. “

During this study, cells were grdwn in the présence{of
pyridoxine, (Results: Section .II, part (vi)). In this way, ‘fhe
internal pool of ,i:yridoxal phosphate might 'be affeJcted. Pyridoxine

bemg an unphosphorylated form of vitamin Bg can be taken up by
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E. ooli cells wherea§ pyridoxal phosphate cannot unle'ss it is
dephosphorylated (Yanada et al., 1977). Cells grown in the presence of
pyridoxine show a tremendous increase in initial S.A. (approximately
2.6 times). This is the most striking result cbserved in this work and
would "then seem to imply that pyridoxal phosphate is involved in the

expression of L~SD ac:ﬁ.vityi , Though pyridoxine is able to increase the

a

s

- initial S.A. of L-SD, it is unablé to stabilize it.
‘ A comparison of L-SD activity from toluene-treated whole cells
and cell extract was made. No difference in the initial S.A. of cells
grown with or without pyridoxine can be cbserved whe;l toluene-treated
whole cells are used in the L-SD assay.n A comparison of the two assays
(using toitxane—treated whole cells and cell extract) reveals that the
.increase in J_I'thlal S.A. observed with cell extract prabably results

from the fact that L-SD cbtained frpm E. coli cells grown without

pyridoxine is pore labile to sonication (Results: Section II, part

(vi)). By fomparing % recovery (in S.A.) of another enzyme (e.q.

phosphofructkpkin to that of L~SD when E. coli cells grown with
and without pyridc;x' and subsequently subjected to sor;icaition, one
can determine if I-SD\is indeed less labile to sonication when grown
with pyridoxine. While such a comparison was never made during this .
study, it muld,‘ however, be used in future examinations of the

N

' pyridoxine phenomenon. .
Tt is then inviting to postulate the following: pyzfidbxal phosphate
must be incorporated into the enzyme “(I-SD). during assgmbly and. is not
v 7released from the molecule despite its extraction from the 6?11.
‘Pyridoxine would th;n increase thé amount of pyridoxal phosphate
ayailable within the cell for assembly into L-SD. If }his ingded vere
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L
true, one would expect L-8D actiyvity to also increase in toluene-

treated whole cells grown with pyridO);J;ne. However, this is never
observed. Since the sttldy deals with a crude cell extract, pyridoxine
m:':ly affect same camponent other t}'1an'L—SD 'which in tum affects the
initial‘activity of the enzyme at the time of sonication. Addition of
pyridoxine or pyridoxal phosphate to cn'lde cell extracts at any time '
after sonication has no effect on L-SD activity or on L-SD stability.l

- The E. coli cells used during this study cannot be py;ridoxine; auxo-
trophs since they grown normally in .the absence of pyridoxine. ’Iheil':
growth rate is not increased by'addition of exogenous pyridoxj.ne fto the
growth media. At the mament, this inconsistance cannot be resolveé. i

Many enzymes require a ;retal i_on for activity. In some cases the

requirement is specific for a particular metal (e.Lg. carbonic anhydrase
for Zn™ and pyruvate phosphokinase for Mg*t and K*). None of the
. deaminases fram microorganisms thus far studied show an absolute
requirement for metai ions; howeverv, many of the enzymes are stimulated
by monovalent or divalent cations. Mn'' and MgH increase D-serine
dedminase activity from chicken kidney (Grillo et al., 1965) and NH,",
K, “Li+, and Na' 'inérease L~threonine deaminase activity from .

Salmonella typhimurium (Burns and Zarlengo, 1968). IL~SD from Arthro-

bacter globiformis (Gannon et al., 1977) shows a nonspecificu requirement

L N

for a univalent or bivalent cation (e.gq. Nat, K+, MgH, and Ca++). This
enzyme may simply require a higher ionic strength for stab{ility. In

Clostridium acidiurici, ferrous ion (Fe'*} has been shown as a require-

ment for I~SD activity" (Carter and Sagers, 1972).
With the last point in mind, the effect of ferrous ion on L-SD

activity fram E. coli K,, was then examined (Results: Section II, part -
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(v)). The metal ion was found to protect L-SD activity {about 13%) and
to increase the initial S.A. (between 7 and 35%). Its greatest eff‘ect
appears to be when cell extracts are made in the presence of ferrous ion.
Adding ferrous, ion to the assay, tube does not affect L-SD éétivity to |
any great extent (the % protection’ increases fram about 8% to same 13%).
A low concentration of ferrous idn (6x1073M to 17x1072M as can- /
pared to 0.1M (Carter and Sagers, 1972) is needed to affect L-SD acti-
A vity. This may indicate that the role of ferrous ion is to. activate or
participate at the catalytic center rather than to stabilize the tert-
1ary structure of I-SD. Since crude cell extract was used, it is)also
possible that ferrous ion is affécting same other camponent other than
1~8D th.ch modifies the activity of L~SD.
In frozen cell extracts, the initial activity of L-SD is again in-
creased‘ (about 60%) (Results: Se;tion IIT, part (v)z). This increase is, , '\,
however, éreater (30%) than that observed in fresh cell extracts. The %
protfaction 'is also greater (8% vs. 15%). 'I‘hen process of freezing and
. thaw:mg poss!ibly alters the conformation of the enzyme in such a manner
[s) th/'at I~SD becames more susceptible to interaction with ferrous ion or
perhaps the ferrous ion effectively counteracts the dissociation of 1-SD
“ ' into subunits Zrefer to 'in vitro Instability', part (@)). This study’
' was performe;i with crude cell extract. The possibility then cannot be \
excluded that ferrqus iOl,’l is acting on same campcnent other than L~SD
which affects I~SD a}étivity. This campanent may then be affectec by
freezing and thawing. ’
Since these studies are dealing with crude cell extracts, saturat-ﬁ A ‘ }
ing levefs of cofactor(s) may already be available in our preparations

4

or the cofactor may remain bound to the enzyme despite its extraction

~
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fram the cell. That there should be different cofactor requirements for
1~SD in various organisms is not sr.n:'prJ'.sing'.u -Conclusive evidence about
cofactor requirements for Ir—EQ from E. coli K, cannot be obtained until
the 1~SD molecule hés been purified to hamogeneity.

. ‘ ‘ . )

"
(iii) Inhibitors of L~SD Agtivity

Studies of inhibitors be llzsed to determine what compounds

:inhibit the enzyme activity of a given protein and then such studies can
"be used to characterize the means of that inhibition (Piowman, 1972} .

In this discussion, inhibition of enzyme activity will be taken to mean
‘tﬁat the initial S.A. of the enzyme in the cell extract preparation is >
less in the presence of campound as campared to without compound.

There are two kinds of enzyme inhibition, r.eversible and
irreversible (Lehninger, 1975). Reversible inhibition can be divided
kinetically into-three types: canpetitiv? , un—campetitive, and non-
campetitive. In campetitive inhibition, the inhipitor competes with the
substrate for binding to the/ active site of the enzyme. This
inhibitic;xl can readily be :ct/aversed by increasmg the substrate
concentration. In un—-campetitive inhibition, the inhibitor combines
rapidly and reversibly with 'die’ enzyme-substtate camplex. This
inhibition is, howa\;er, not reversed by elevating the substrate
concéﬁtration. Un—campetitive 'inhibition is cammonly seen with
two-substrate reactions but n0.t with a ond-substrate reaction. For ,
this reason, we will not be conce_med,‘ here, with this type of inhibi- |
tion. In pon-campetitive inhibition, the inhibitor cambines with either

the freé enzyme or en%wie—wbs&ate camplex. Such inhibitors bind to a

> S

site other than the #Jbstrate binding site (i.e. allosteric site).

s
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The activity of ‘the/enzyme cannot be restpred by increasing the
substrate concentration. Irreversible inhibitors (i.e. irreversible
inhibition) inactivate the enzyme mOlecule by permanently modifying
one or more functional groups which are required for activity.

Metal ions play an important role in bioclogical processes (Mahler
and Cordes, 1971). .They are caéable of associating with variously
sized molecules. Oxygen, nitrogen, and sulfur are the at&ns tto which
metal ions typically bind in proteins. All amino acids are capable ofﬂ
binding metal ions. In particular, cysteine and hi_stidj_ne are ca_pable
of fomming in the presence of a metal ion a variety of metal complexes.
These two amino acids are, therefore, thought to be involved in metal
ion-protein camplex formation (Mahler and Cordes, l§71) . In many
casesq(i.e. many proteased (e.q. carboxypeptidase)) the loss of a metal
ion from a protein renders that protein enzymatically inactive
(e.q. ;rmetalloproteins) . In other cases, enzymes are inactivated by
metal ions (e.,g. pyruvate dehydrogenase, (PDH,) kinase by Mgtt, CaH' ’
and Kt (Krebs and Beavo, 1979)). There is no general model.of action
. of metal ions that can be uged to conclusively predict the effect of
metal ions on a given protein. At present, it is not known whether

the I~SD molecule fram E., coli is directly affected by a metal itn(s).

e

\,

EDTA which is an active chelating agent of metal ions was found
in this study (Results: Section II, part (iii))to protect L-SD
activity in extracts of E. coli K;j,. This suggests that the L-SD
molecule may be sensitive to same metal ion(s). No .aitﬁempt was made
to determine which metal ion(s) may be involved. When EDTA is added
to cell extracts in the presence of BSA, the extract behaved as it does

when only BSA is present. ‘"This result is rather surprising. It may
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o “ be that the BSA preparétion contains same ccmponen;: th.ch binds
EDTA so that ohly the BSA effect is observed or it may be that BSA,
lﬂ;e EDTA, binds metal ions — BSA'is a polyelectrolyte. Perhaps a
s more likely explanaticon is that EDTA is affecting a metalldprotease.
If BSA protects L-5D by providing more pf:votein for a protease to act -
on thus maKing it less likely that it will attack the L-SD molecule
and if this same protease requires a metal ion forl activity then
‘ applyihg both BSA and EDTA to.the crude cell extra?:t should vield an ‘
' /

additive effect. However, EDTA and BSA were added to the preparations -

at concentrations that produced maximum protection of I~SD ’

(a.mmx%' tely 30% each). If BSA and EDTA affect the same ‘enzyme

(i.e. a protease) to the maximum extent each can (i.e..each campound

/ ’ protects L~SD fram the protease a lOQ%) then gi&i.ng them éimuktaneousl’y
e " into the cell extract p'reparation would not produce an additiye effect.

We should have attempted cambinations of EDTA and BSA at concentrations \

where each occmpound proi:ects L-SD to a lesser degree (say 15% each).

If these two campounds then affect the same enzyme and if they do‘not

act by the same mechanism their :addit'ion to the preparation should |
'y ' | yielduan additive effect (i.e. 30%). There is ample evidence in the
literature which supports the idea that many proteases found in E.
ocoli may be metalloenzynes. Certainly, the recently isolated ones,
such as ISP—I.r-Eoo and ISP-A-Eco (Strongln et al., 1979), protease‘ I
{Pacaud and Urlel 1971; Pacaud et al., 1976) , protease II (Pacaud
and Richaud, 1975), and protease III (Cheng and Zipser, 1979) all v »
appear to be H\et;allopmteases. Several metal ions (i.e. cutt, pptt, |
or Hg at 0.1 u moles/ml) inhibit .I~SD activity from Clostridium

acidiurici (Benzunan et al., 1960) The metal ioh inhibition was
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)
canpletely overcame with the addition of EDTA to cell extracts which
were prepared by crushing frozen cells in a Huwghes press at -20°C and

contained partially purified L~SD. L~SD from Arthraobacter globiformis

(Gannon et al., 1977) is inhiBited by HCL, (5 1). The inhibition is
not instantaneous but rather it occurs progresmvely over a period of
4 minutes. This inhibition oould be partlally overcame by L-cysteine ) -
(1 mM). Concentrations above 40 mM MgC12 were also inhibitory. The
activity of L~-SD decreag.e 50% of its maximum value at 80 mM MgClZ. : © .

-+ ++ - . vy . .
AgT, cut, and Hg'' (at 107°M) inhibit L-SD activity From Crookes

“

strain of E, coli and the enzyme is not reactivated by glutathicne
(Wood and Gunsalus, 1949). None of these studies could determine the
relationship between the metal ions and 1-SD activity. 4

Since a common cause of enzyme inactivation is oxidation of
sulfthydryl groups (~SH) to disulfide—cross——links (S-S) or to sulfate N
(-SO4) , three suvlfhydryl reagents were tested for their effect on
I-SD activity (Results: Section II, part (iv)). These reagents
interact with thiol groups that are necessary to maintain the enzyme-
active conformation (Clglan&, 1964). DTT and DIE appear to inhibit the
enzyme. These Ccanpounds, however, were f'o'uﬁd to. reduce INPH' (Carter |
‘and'Sagers, 1972). Their effect on the L~SD activity éould, therefore,
not be assessed with the type of assay used ‘in this work. MSH has no
effect on L—rSD activity at the concentration tested

The inhibitors (EDTA and sulfhydryl reagents) mentloned abqve ' o

affect the enzyme act1v1ty of d w1de varlety of enzyrnes’! Other

o

inhibitors Wthh are more spemflc for L~5D have been examined in -this
study and by ot_her 1nvest1qators Glycine and D~serine inhibit L-SD

activity in Crookes stram of E. coli (WOod and Gunsalus, 1949), in

) 4
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© _its swbstrate, L~serine, with the same efficiency as the native

_,,,
4
\

E. coli strain B (Pardee and Prestidge, 1955), and in E. coli Ky,
(Alfoldi et al., 1968; I d Newman, 1974). L~Cysteine has an

1nh1b1tory effect in extracts of E. ooli K12 (Alfoldi: et al., 1968) .

1~SD from Corynebacterium sp (ATCC 21050) (Morikawa et al., 1974) is

- . inhibited by. I~cysteine, L~alanine, D-serine, and L-tryptophan. In

‘Arthrobacter globifommis (Gannon et al., 1977) I-cysteine and D-serine
act as competltlve inhibitors of L-SD. L—Cyéteine at concentrations
greater than 4.9’mM.ca1_sed a élow irreversible inhibition of L—éD'. . :
In this study,’ L;cysteine and L-arginine inhibited L-SD activity '
.‘ (Results: Section I 'part (ii)). I~Cysteine differs from the
swbstrate, L—serlne, in that it has a sulfhydryl group attached -at-the
B-carbon in place of a hydroxyl group. Almost all (99%) of the enzyne
actw1ty is lost in the presence of L-cysteine. This amino acid may
reduce a sulfhydryl grr.;n.p at the active site Wthh is essential for- .
malntalnlng the enzyme-active conformation or it.may.be conpgting wig.h\-~
I~serine . for the active site on the enzyme. IL-Arginine inhibits I~SD
’é.ctivity by 26%. It resembles L-serine only in that it has :the a-
amino group. It, therefore, seems unlikely that this amino ‘acid would.
bind at the .}ct-.i.ve site on I-SD. L-Arginine may interact with the
enzyme at a site other than the active sj.te (i.e. at an al:losteric
site). By the binding of this amino acid the conformation of L-SD

\

may be altered in such a way so-that the enzyme car no longér utilise

¢

.enzyme. As these studies were performed in c?de cell extracts, the
¢ ! L3

effact of t.he amino acids or metal'icns (susceptibility to EDTA) ocould
A
then be on some canponent gther than I~SD which in tuxn affects L-5SD

l activity. Defmlte answers as to hcm Incysteme and L—arg:.m.ne
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. interact with the IxSD molecule can oniy be obtained once the enzyme

1)

Y

has been pﬁrified to hcmogeneity.

(iv) Actlvators of L~SD acti{r?'. . s

' In tk;e oontext of this. thesis, the terms activation of enzyme
activity (activator‘s) , lncrease in jnitial S.A. of the enzyme or

" increase in enzyme activity, and stimulation of enzyme activity are
meant to include specific :and nanspecific reagents which increase

| enzyme activity either by converting or maintaining the enzyme in its

active form.

i : e .

The well kriown role of metal ions as necessary components for

¢ enzyme activity was discussed previously. .Deaminases from several

microorganisms are stimulated by monovalent and divalent ions. I~
: g : !

o

Threonine deaminase activity from Acetobacter suboxydans is increased

!

when Mgt (10 p ﬁoles)' is present in the assay sfstem (Kexrwar et al.,
1964). InE. ooli,P—serine deaminase activity is stimulated by K
(10 ) and NH;*+ (10 h) (Dupourque et al., 1966). D-Serine deaminase
from éhicken kidney (Grillo et al., 1965) is activated by Mg** (1.4 x
" 1072%4) and W™ (1.1 x 10-4M). L'SD activity from Arthrobacter

»

globiformis (Gahnon et al., 1977) is increased byoa univalent or

. biv@nt; cation and L~SD activity from Clostridium acidiurici (Carter
- . * .

and Sagers, 1972) is increased by ferrous ion (1'mM). In this. stu/dy,

1~SD fromE. ooli Ky also shows increased activity in the presence

of férrots ion. A detailed discussion of this result can be found in
. “‘ Ad N -

,r'& .the 'Cofactor Requirement' section, :

s . , : v »~ ) .
Sane ‘of the recorded activations of enzyme activity by nonspecific
¥ ' : . . . '
reagents will be 'discussed. In 1951, Cori et al. reported that

'

s
s
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"
‘

‘phosphpfructokinase in liver }mmgenates is ‘activated by glutamate.

Veibel (1937) noted that toluene activated f~galactosidase. The' -
activation of nitrate reMsé by inorganic phosphate (Kinsky and .
McElroy, 1958), and of dehydroascorbic reductase by inorganic phosI;hate
(i) and by arsenate (Yamaquchi and Joslyn, 1951) have been described.
The well known protection of Iehzyme activity in dilute solution by

BSA,-so that an increase in enzyme activity is observed, can also be

- " - ! y s
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.. = included here (e.qg. glyoxylase (Racker, 1959)).

1

" In this study, several nonspecific reagents were found to increase
v ’ 11

. the initial S.A. of 1-SD from extracts of E. coli K,,. BSA, when

12
added to diluted extracts, i;'lcreases I~8D activity. A f(homugh

. e t s - s - ~
&% TR TN R A ST e

: discussion of this phenamenon can be found under 'in%’tro InStab\i}ity, ’ ‘

¢F,

‘S

part (a)'. Var'ous. polyelectrolytes also i*crease ‘the enzyme activity

-

e
STy !

but are wable to s lize the L-SD"molecule. Ethylene glycol and

glycerol are cammonly added to'crude enzyme preparations during

- S,

. © purification procedures. These campownds appear to ’be m?st effective

with enzynes that are particularly sensitive to temperature and ' .
. protein conbentration (Thach and Newberger, 1§7z) . ‘Both compounds ‘ |

were found to interfere with the astay and could not therefore be
as;sessed for their effect on I~SD activity with the type of assay \

C . used in this vork.

' Because ethvlene glycol, :glycefolg, and the sulﬂlydri(i reagents, -

DIT and DIE (Results: Section II, part (iv)), were found to interfere ’

with the I~SD assay used in this study, an alternative assay rmft be

- : ‘used -to émnﬁne the effect these ccxr'pomd; have upon L-SD act:ivity

. and staiaility. To circuwent the interference, the L-SD assay used’'in

- this study. could be substituted for by one coupled*to L~lactate

!
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dehydrogenase (LDH) (Von Korff, 1969). LDH catajyzes the following
. reactjon: - ' )
. pyrwate + NADH + HY &= lactate + napt ’
In such an assay, L~SD activity is neésm:ed indirectly by monitoring {
" the reduction of pyruvate to lactate by following the oxidation of
_ NADH to NAD* as NADH but not NAD' absorbs strongly at 340 mu (i.e.
. o o .
decrease in absorbance at 340 mu).
, / \
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* SUMARY

| The @rk in this thesis deals}with various aspects of L-SD
o activity in crude cell extracts of E. ooli Kjj. I~SD catalyzes the E
conversion of L-serine to pyruvate and amonia. Although the enzyme
has been studiea for some tine,-limite information is availab}e abo.ut,

it. This is due to the fact that this enzyme is wnusually wstable

both wnder in vivo and in vitro oondit.ioné..

’Iznlg this study, an enzyme assay system was det\seloped which
\nlgintained I-SD activity at a level at which it could be studied.
This assay was used to investigate various aspects of.the enzyn'e
activity. ‘

I~SD was found to be extremely unstable J_n crude cell extracts
.of E. ooli K12' These cell ex&acm oould,l however, be stored frozen
for some, time (days) . Various factors were found to stabilize,
inhibit, or activate L~-SD activity. . Se-veral factors stabilized L-SD
(i.e. concentration, substrate, certain amino acids, EDTA, and
ferrous ion). Other cnmponer;ts (i.e. pyridoxal phosphate, 8-
I;E.rcaptoethanol, polyelectrolytes, and certain protease inhibitors)
hrad no effect but somehow when cells were gro‘m\in pyridoxine the
activity of L-SD was increased but not stabilized. The increase in
initial S.A. observed with crude cell extracts most likely r'es‘lzlt;e\ci
from the fact that L-SD obtained from cells grown with pyridoxine
was‘gess labile to sonication.‘ Sare factors were found to inhibit
‘(i.e. L-cysteine, L-arginine) and activate (i.e. pyridoxine, ferrous
ion) tﬁe initial S.A.wf L~SD. The in vitr'o instability of 1~SD was

, considered in terms of the organizational structure of the enzyme

129
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(i.e. possible subunit structure) and in terms of proteolytic activity o

; (i.e. protegse(s) acting on I~SD). Studies of inhibitors and '
activators were con31dered in terms’of alteratlms in protein

structure of 1~SD upon its assoc1at10n wn.th various llgah
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