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ABSTRACT v o ‘
. : j
~ O .
= Orotidylate decarboxylase was purified to’ near homogeneity
- ¢ . ’

by a five-step procedure. Sensitivity to sulfhydryl reagents and
- sttt - ) - - .
the absence of a M7 requirement for activity were\contlrmed, The
v ! ¢ . )
"sensitivity o sulfhydrvl reagents appears to involve a protein con-

formational change rather -than the blocking of an dctive-sulfhydryl
S ¢ /‘ “ ‘
group of the catalytic site. Two sulfhydryl groups of the protein<

appear to-.be freély_atcessible to the solvent. . 4
'A molecular weight of about.150,000 daltons wids détermined

for the proteiu,-which in the presence of sodium_dogeﬁyl sulfate
breaks down to eight subunits of apparentlv identical molecular

wcgﬁpt. Active subunits show no cooperativity. Pater- L v
- ' V : : Lo ‘ . ~
acltion. The value of the Michaelis constant of orotidylate is ' .

o~

only slightly. greater. than its dissociation constant under all con-
. “ o . ° - L’ . .

. ditions tested.

Reversibility of ‘the reaction. was demonstrated with the aid of

a producc trap. ProduCt\inhibitibq studies with uridylate and bi-

.
%

+ carbonate appeared to faﬁo;\g reaction.mechanism where uridylate is
- N b 4 . Lo

{ .
!

releaséd before bicarbonate with uridyiate being capable of binding

to the'central complex to form a'dead end complex.
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I. TINTRODUCTION  » = . . SR

The enzyme orotidylate decarboxylase (orotidine.S5' phosphate.

'carboxyLIYase, E.C. 4.1.1.23) catelyéee the reaction:

3

« ) -'? . X -
This enzyme was firsé discovered by Lieberman” KornberD and Simms (1)

A} 1 o
—”

from baker's yeast 1n 1954 durlng their’ studya%f the 1nda%1dual steps-
/\ v

I
1n“the de novo blosynthe31s of pyrlmldlne§ They managed to separaﬁe

the last two enzymes required for UMP. dynithesis, OMP pyrophosphbryfase
L ' ¢ ? ' - % -
— . : . ‘
) and'O}E decarboxylase”‘by ethanol'fractionation Spett%al differences-=

"

for orot?dyléte and urldvlate prov1ded a means of assaylng fo; the de—
&wy
carboxylase where, at pH 8.0 in 20 mH tris, the decarboxylatlon ii&oné'

7 mllllmolar orotldylate resulted in a decrease of 1.65 abser ance unlts‘
- . \ ) R
at -285 nanometers . (2). Trapplné the radloactlve carbon;oA

~ /f "

the car-
7

‘— . . ' ' ) N - \

o , ~ o -/
upon release hss also prov 7ed a sensitive means of assathg OMP
T : ; . o

decarboxylase. . , o ; ‘
. - | . o '5/ | '
OMP decar o¥vlase has been isolated from a number of sources

over the last eighteeﬁ‘&ears. Numeroes studies haxe been done on this.
et . . p
enzyme_with’respect to iﬁhibitionuof7growth of cancer tumors, inhibition
"of'pyrimidine metabelism, and the geneties of the enzyme; since the rare
_autdSomal disease;oretic aeiduria’apparedtiy results from the loss of

3

Fa '\/

-

Q}B to ; T : .-» x‘
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r

. / ) 1\
. & e .
activity of the last two adjacent enzymes in the pyrimidgkc pathway (see
. ’ . . N
. g y
Figure 1). b '

7 The propertics of the"enzyme vary depending on its source. The
¥ < ,

.

enzyme from rat liver has been studied by several authors. Blair and

. , o
co-authors first showgd that O0MP was involved in ds ggyg_pyrimidiné bio-
syuthesis in mammals \(3)." CGreasey and Handschumacher purified OMP
#decarboxylase sixteen-fold with twentyefive per cent recovery (4).

Liheweayer—Burkvplats (5), based on the rate of release of 14COZ'frbm

7= lZ‘C orotidylate, gave a Mlchaells vonstant for orotldylate of 4.5 x
10_6 M which compares well with that of 7-8 x 10 ~6 y>obtained.fbr yeast
Semi—carbazide éﬁpric.sulfate, bariu; Phloride3 sodiﬁﬁ'aziAe bodium
fluorldg, and hydroxylamlne did not 1nh1blt ‘the enyymes f;om either
llJer or yeast Neither magnesiumn.or manganese accentu;ted_activity,
and ethylenediamine~tetraa¢etic acid (ED&A) did not decrease activity.
Various coenzymes or sulfhydryl act1V1£ors failed to stlmﬁlate act1v1ty
The rat liver enzyme was unsta)le below pli 6 and stablé at pH 8.0 while
the yeast enzyme was just phe reverse. The pH opt%ma for the two in
tris—pﬁoéphate buffers were‘ffﬁ and 6.3 respectively. The liver enzyme
was unaffccted by 30 mM p*chloromg§curisenzoaté or ImghN;ethYImaleimidé
whereas the'féasg enzyme was éensitivé to theée sulfhydryi reageptsf
being inhibited 81% by 0.1 m N-ethylmaleimide and 100% by 0.3 m{ p-CMB.
The sensitivity‘of the eqzymes toinucleoﬁides is shown in Table I; De-
tailed kinetic anaiysis by:heans of  product inhibition of orotid§i;£e
decarboiyiéée hag not been reported, thdugh figUres implicating a

competitive nature of UMP product inhibitidn have been given by several

authors (4, 6).



e 4
., TABLE I -
The 1nuibition of Vérious'Orotidylate Decarboxylases .
. by Differcnt Nucleotides v
Yeast Rat ﬁiver Cow Brain
Inhibiter K, QD K, (M) K, (M)
i = i = i =
UMP 4 ox 107 . 1.5 x 107° 2.5 x 107%
CMP o7 x 107t 30 x 107 S 1ax 1074
AMP : 8 x 1074 inactive N.D..
GMP 16 x 10_4 ) 'inactibe, . N.D. -
6-Aza-UMP 7-8 x 10 1x 1077 | 4 x 1077
. CDP N.D. - N.D. 8.8 x 107" R
| | -3 3
UDP N.D. N.D. 3.0 x 10 7. . }
CTP N.D. ~ N.D. s 3.7 x 107°
3 - ) ‘ f\}\
N.D. - not determined. K :
/: . ',\
K. values .. .e determined on the assumption that competitive inhi-

bition existed. References used were (4, &) for yeast, (4) for rat
liver and (6) for cow brain. :
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Kasbekar et al. (7) were finally able to separate OMP pyro-
phosphorylase from OMP decarboxvlase by starch gel - electrophoresis

after a 600-fold co—purificatioﬁ. The pli~activity profile in tris- ' >

e
i

phosphate buffers showed a sharp peak of decarboxylating activity at
pH 6.9.. A dduble reciprocal plot gave a Km of 2.0 x 10~6/ﬁ, They
reported that high concentrations of the substrate, orqtiédne 5'- ' -

monophosphate;.inhibited enzyme activity. OMP pyrophosphorylase can
L S o

catalyze the formation of an unusual nucleotide, 5-fluoro-UMP, tha%

| | 6

inhibited OMP decarboxylase with an inhibition comstant of 3 x 10 = M

"which closely approximates that deen with 6-azauridine 5'-monophos hate,
: Ly app nate : p P!

the most potent inhibitor® of Table I. Handschuhécher (8) has shown that 7

the strong inhibitory nature of 6+aza-UMP is pH-dependent with an in-
{ : ’

s‘. N . '
creasing effect seen as the pH was raised above six whereas azauracil,

azauridine, and othef phosphorylated derivatives c” a;auridine were
non-inhibitory. |

Other unusual Pyrimidine ﬁucleotides that have shown pﬁtent'
inhibition of orotidylate decarboxylase from various sources include // |
5-hydroxyuridine '5'-monophosphate (9), 5-azaorotidine 5'-monophosphate,

4

and 5-azauridine 5'-monophosphate (these last two being metabolites of

G

. 5-azaorotic¢ acid) (10), and S5-aminouridine 5'}monopuosphaté (11). These

-analogues, as well as the two preﬁiously mentioned, give relatively

strong inhibition when compared to the inhibition of uridine 5'-mono-

phosphate, thé”broduct of the reaction. Howevér, this éffect could be

due to the slower conversion of these unusual pyrimidines nucleotides

to higher orders of phosphorylation and incorporation into nucleic acids.

Appel (6) co-purified the enzymes OMP\pYrophosﬁhorylase and‘OMP‘



decarboxylase 600-fold to apparent homogeneity by acrylamide gel
!
' C . . : o 0.
electrophoresis. The latter enzyme was stable to storage at -15 C

while the former was not. The'Kﬁ for OMP for the decarboxylase'from
_. . - .

P

. -6 . ‘ ' . .
this source was 3.0 x 10 ° M. Table [ reveals the effectiveness of
various nucleotides as inhibitors. Heat denaturatien studies at 55
.revealed an exponential decay of activity with concentrated amounts of.

enzyme and a Tinear decay with lesser gmounts. UMP, CMP, and 6-aza-UMP

‘\\fx\\ &ere able ﬁOJstaBilize_OMP-dgcarboxylase und@r,?hese heat cdhditions:
) : The présende of OMP decarboxylase has dlso been shown in
Neurospofa craésa-(lZ), in plégts.(13!'14l, in chicks (15), and in‘man
(16, 17)." '4

Thus it is now reéﬁgnized that the de novo synthesis of uridine

5'-monophosphate occurs by the pathway outlined in Figure I.
The control of pyrimidine metanliém appears to be complex. In
‘ . o S

Saccharomyces cerevisiae, the overall control of pyrimidine syntheéis

iis feedback‘iﬁhibigion by UTPiof CTP Qn.asﬁartate transcarﬁamylase and
carbamylphosphate synthetasé. in ;ddition to end préduct inﬁibition on
gﬁé various enzymes of the pathway, inte%médiatés of the-pathway appear
to induce the synthesis of enzymes found later i the pathway (18).
When various E; Egli_mﬁtants with genetic Eiocks"ét different points’

in the pathway to UMP are starved fer pyrimidines, induction of enzfme

synthésis occurs on both sides oﬁ;the genetic block (19). 'Synthesis of

-

the last four E. coli enzymes appears to. be, coordinately f&nked, even
though the enzymes are not -all together on the chromosome (20, 21,.

-In Saccharomyces cerevisiae, Lacroute (22) showed thz: the

pyrimidine biosynthesis depends on enzyme repreésion and induction as

B



well as feedback inhibition. Thé last three enzymes appear to-be
) <

induced by dihydroorotic acid. However, such induction studies are
performed with difficulty since the intermediates ureidosuccinic acid,
/ i

dihydroorotic acid, and orotic. acid are not signitficantly incorporated

by yeast, wheri7% uracil, u dlne, and cytosine are all dCthQly trans—

"ported by specific ;:;;ﬁidgnL permeases (23) and are then subs equently

converted to UMP by c¢ytosine deaminase or uridine ribohydrolase and UMP
phoéphafase.‘?The lasé—four.enzymes are ﬁot régulated By end produét
repycssion whereas those of E. coli are. Heterozygotes of yeast with
only‘ohe—hélf the(éctivity for aﬁy one of the pathway's-biosynthetic
enzyﬁeéh%%ew as rapidly as did the wild thpe yeast éuggesting that
pyrimidine biosynthesis in“yeast is controlled by enzyme indgction,

since there appear to be ample amounts of each present. The genes for

-the later enZymes'in the synthesis of UMP are not linked. However, the

n ’ . pd

firsf two enzymes, carbam?lphosphate synthetasé and asparate trans-
carbamylase, aré g&mﬁitaneously controlled by feédback inhibition and
repression and have been shown, by co—@urifiéation, to existlin an enzyme
complex,, the stability and pyoper;ies of whiéh depend on the presence

of. UTP (24). Recently, it has Eeen reported that the rare human disease,
orotic aciduria, may not'be due tb a\genetic"alterat%on pf two adjacent
enzymes but rather to an abnormal complex of QMP phosphofibosyltransfé?asé.

and OMP decarboxylase (25), both of which are substrate-induéed as’ in the

yeast system.,

<

Due to the variations in the control of de novo pyrimidine bio-
i N ) ) " :
synthesis, it would appear that the complete description of the properties

of each enzyme will be dependent on the source from which it is isolated.



! Y
The purpose of ‘this thesis will be to study aspects of the yeast

¢ B
1 -
OMP decarboxylase enzyme# its reaction mechanism as reve..lcd by initial

i

rate kinetics, product iﬁhibition and radioisotope studies; its peculiar
. R = o |

sensitivity to sulfhydryl recagents; and some of its other properties..

.

A
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IT. MATLRIALS

"o

Materials used in the course of thﬁgﬂstudy were of the highest
S oL,

purity aﬁhilable. UMP, orotic acid, orotidine, disodium EDTA, N-cthyl-

maleimide, jodoacetamide, and phosphocellulose were obtained from the

Sigma Chemical Company. Inorganic salts or acids werec obtained from

either J. T. Baker or Fisher Scientific. _Sephadex G-25 and G-100 (40-120u)

were obtained from Pharmacia. Protamineé sulfate (salmon sperm) was pur-—

chased from Pierce Chemical Company; and

1

'ultrapure' ammonium sulfate was

A from Mann Research Laboratories. -Phosphoribosylpyrophosphate was pur-
chased from P. L. Biochemicals. O was obtained from either Calbiochem
or ?$SL. Biochémic%ls.

. / )
Eleischmaé7 s baker's yeast (Saccharomyceés ‘cerevisiae), the

/// source for the enzyme, was’obtained»ffom a-local distributing firm.

T

a

Ntz
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ITI. SYNTHESTS OF OROTIDINE 5'-MONOPHOSPHATE

‘During‘the initial stages cf this étudy; orotidylic -acid could
not be purchased commercially. éMP was synthésized from orotidine
u;ing phosphorylchloride ;n a-trialkylphospﬁate solvent system.. This
novel method of synthesis, which gives preferential phosphorylation
at the 5' position of the nucleosidea used, was.devcléped by Yosﬁikawa
and Kato (26, 27) and by Imai et al. (28). Thg method was‘first used
by these two ggzups to obﬁain the more commonly fodnd 5% nucleotides
iMP, GMP, AMP, UMP; and CMP; Yields of 70 ‘to 100 pér éent were reported
for the 5' Qdcleotide (higher yields were obtainéd when 2'3'-0-isopropy-

e . : : ! .

fﬁdene nUcleosiEés were used).

The reaction mixture for OMP synthesis contained:

Orotidine : o= 0.33 millimoles
Phosphorylchloride - 4.4 millimoles
Double distilled H,O0 - 2 millimoles
- Triethylphosphate - = 19.6 millimoles

“

The reaction was started by rapidly adding the phosphorylchloride drép—
wise in a fumehood, and was carried out for twenfy—two‘hours at 2 to 4° ¢
. 7 . |

in a s;opperéd tube with® continuous stirring.

The: anticipated white dichloronucleotide precipitate did not form
: : Lo :

. R . . . .
with the addition of anhydrous ether. The ether was removed by flash

evapgtation leaving a residual yellow oil.

An anion exchanse column (AG-2-x8, 50-100 mesh, chloridé form) of

35 ml total volume was fepared'by washing with 0.05 N HCl until the :

optical density of the eluant at 260 nm was zero. The coiu@g was then

» -

-

washed witn water until the pH rose to five.

10 ¢
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"The oil was diluted to 25 ml with water and passed onto the

column. Elution fgpm the column with various solvents was followed

L

spectrophotometrically at 260 nm as shown in Figure 2.

Ultraviolet spectral analysis of the eluant could_not reveal

-
whether orotidine or-orotidine 5'-phosphate was the ultraviolet absorbing

*

compound present. Therefore, crude yveast extracts were added to blank
i _

/ - - . .
sol%Fio s and to aliquots of selected eluant fractions and the spectral

\

change$ were observed after two and one-half hours. Shifts in the peak
maximum from 266 nm to 262 nm for fractions 95 through 122 indicated the

presence of orotidine 5' phosphate]. since the breakdown of orotidine to

orotic acid would have given a different initial spectrum, withla:peak_

maximum nearer to 277 nm (29) and orotidifie itself is believed to be |

metabolically inert. ‘

Ffactions‘QS to 121 of Figure 2 were,lyophilizéd to dryness and
taken hp in 8 ml of water.. The lithium chloride &as rehovéa by péséing',
the OMP—LiCi solutionpthrougb a diethyl cellulose A23 c;lumn‘(previously
washed with O.dl N HCl, water, Q}Ol N‘NaOH, and water) and ah‘qual‘
volumé of effluent was collgctéd and checked for ultraviolet absorg;nce‘

to measure the binding to the column. The column was washed with water

until_the effluent tubes contained no chloride ions detectable by 1%

' AgNO3 addition,'and then the column was washed with 1M triethylammonium
‘bicarbonate until the optical density at 265 nm equalied'zero. ReCovery

of material initially bound was 85%. o

Fractions showing optical density at 265 nm were pooled in a
' : -4

"N

- ~

500 ml round-bottomed flagk.' Fifty per cent methanol was added and -the

aﬁﬂ?nium bicarbonate odor was gone. The residue was then taken up in

l\ ] . . “".

et

} /{

11

splution was then flash evaporated. ?his.was regéated until the triethyl- f
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water and a recovery of 58 umoles was obtained. The solution possessad
. ! . _‘ . .
. , Lo
. a deep.:rllow colnr. S

”

This solution was used for assaying orotidylate decarboxylase
. E) ‘
~ ' I ( 3
activity duriﬁg the developmént of a purification procédure in the
early stages of this wogk. Commercial OMP replaced iF when it became
b

. " available. - { : _ R _ ‘
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f%’ IV.& PURIFICATION OF OROTIDYLATE DECARBOXYLASE
‘The enzyme orotidylate decarboxylase has been purified from

a varlety of sources to various degrees (4,0 6, 7, 12).. !

The enzyme source in this study was baker's yeast (Saccharomyces

cerev%siae), selected because of:

1. its commercial availability,
2. its use by other authors in the study of OMP .
" decarboxylase thereby allowing comparlson with
prevlously publlshed results,
3. it is the source from which the zriginal discoyery
" of the enzyme by Lieberman et al. was made.,l ™
Since five pounds of yeast,yield apgfoximately 167 International

P

<\Units of orotidylafe decarboxylating activity, it appeared unnecessary
] + - . .
to seek unusual sources with elevated levels of this enzyme.or to pro-
7~

w .

vide a controlled nutrient broth for grodth to induce oMP decarboxylase,

1

A Assay Prdéedure , S . . S

o lhe spectrophotometrlc assay used was based on the decrease in
optlcal den51ty (maximal at 285 nm) as OMP is decarboxylated tquMP as

" N
gt this

' wavelength the change in molar extlnctlon coeff1c1ents was —1650 at

|.

in Figure 3. Lleberman Kornberg and Slmms (2). reported that

pH . 8.0. In our. assay medlum at pH 7.9, the molar ext:nctlbﬂ”“oefﬁiclent
;change calculated from Flgure 3 was —1930 at 30 C. The assays were

followed contlnuously on either a Cary model 15 or on: a Gllford 240

"(spectrophotometer) ' These assay.solutlons contalned; SR b,

85 mM pota551um phosphate - 5 mM EDTA pH 7 00~ 1000 ul

10 i OMP - 100ul

Enzyme fraction for testing ' s - 10 to 50 ul
The blank s

nfcontalnedeater‘ln place of OMP. ;ﬁfsﬁys were started

PN

",

3
,
.

‘14
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Figure 3:

\

,at 285 nm equals 0.182 -.0.360

Q

Spectra of the initial and final products of the
reactién catalyzed by OMP decarboxylase using
0.0924 umnrles of OMP. Spectrim of OMP (B).
Spectrum of UMP (@). At, pH.7.00 the millimolar
extinction coefficients ‘of OMP and UMP are "10.40 ~
and iQ.OO respectively. With. these values 100%

‘conversion of OMP to UMP is observed spectrally.
: . P y

Thus the millimolar extinction coefficient, change

or -1.93,

~0.0924

e
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with the addition of OMP to the one cetimeter light path sample. Under
these ‘conditions, the assays were linecar over the first ten minutes. A
unit of enzyme activity, by definition, decarboxylated one umcle of OMP:

per minute at 30" C. Specific activity was expressed as units per milli-
gram of protein, .

-Proteih.determingtions on the various aliquots éampled througﬁout
the purificﬁtion weré pérformed in two ways. Rough estimates of the pro-
tein present were calculated from -the absorbances at 280 and 260 nm (30).
More raccurate r:asurements ofhthé“pﬁbtein concentration were based'oﬁ

*the method developed by Lowry et al. (31) using bovine serum albumin as

. n
the reference standard.

B. Homogenization

‘Five pounds of baker's yeast were. crumbled into one liter of
0.05 M potassium phoéphate (KP) —1mM EDTA, pH €.8, in a four liter beaker

at 0° C, mixed well with"a stirring rod a~Jl left standing for 30 to 60

_minutes at 0° C. The slurry was then poured into a Gifferd-Wood Micromill

which had been previously chilled to rZOO by circulating coolant. Glass

beadé, of 0.2 mm diameter, to a total weight of 1.5 kilograms were slowly
added and the gap setting adjusted to 40.,.Homogenization resulted from
runﬂ&ng the mill for a. total of 30 minutes at 100 volts with intermjttent

cooling periods at 40 volts to keep the temperature of-the mixture below

10°. ;

v

Theggontents of the mill were then run off at a rheostat setting

: - ‘ : . RN . L
of 40 volts (after allowing the tefperature of the mill's chamber to

cool to 0° C) into a four 1iter beaker and left for 45 minutes to per-

mit the glass beads to settle out. The soluticn above the beads was:

’

<



S

tﬁen decanted into centrifuge bettles. ihe bottles were centrifuged at
1320Q>tg for 35 minutes at 0°, The supernatant was asptrated eff into a
two liter tlaSk, cooled in ice, and an aliquot termed ”Assaj Fraction 1"
was saved.

‘The beads could be wSShed with one liter of the buffer used abpve
and the washing pooled with tne_initial extract if desired.

C. Protamine Sulfatc Treatment

Protamine sulfate (0.5 g per 100 ml of  the snpernatant extract)
was added slowly and stirred for 60 to‘90 minut. s éc'd°; .Tne solution
was.then centrifuged forione hour at 9000 rpm in the GSA rotor. The
supernatant solutlon was then centrlfuged for 10 to 18 hours at 19000
Tpm at 1° an a #19 rotor of a Splnco L2-658 ultracentrlfuge The lipid

layer was first removed and then the supernatant was aspirated off into

a flask cooled in ice. An aliquot (termed "Assay Fraction 2") was saved.

D. Ammonium Sulfate Fractionation (64-81%)

NHQOH'was added to the supernatant to raise the pH from 5.8 to

o b

6.2. Then (NHQ) SO4 (40 grams per 100 ml) was added slowly over 20 to-
. i ‘ o ‘ ‘ B , N

/30 minutes, with additions of 1.0 E_NHAOH.to maintain a pH of 6.2, The

solution was stirred for one hour at 0°. The solution was centrifuged
for 50 minutes - 13000 x g. The supernatant was aspirated off and an

aliquot saved ( 'Assay Fraction 3"). (NH \15 grams per 100 ml)~was

4)2 4
added to the supernatant and the solutlon stirred for 40 minutes at 0°
bfollowed by centrlfugation for l hour at 13000 x g ‘The supernatant was

aspirated off and an aliquot was saved ("Assay Fraction 4"y,

The precipitate was dissolved in a minimal volume of 20 mM KP -

1 mM EDTA, pH 6.2 and an aliquot saved ("Assay Fraction 5").

17
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E. Desalting

The dissolved protein solution was then immediately passed onto
a Sephadex G-25 (medium) column of 290 ml (25 mm dia. x 600 mm) qith é
flow rate of 60 to 80 ml per hour, and was eluted with 20 mM KP - 1 mM
EDTA, pH'6Q2‘buffer. 'lO.kai fractions Qere collecped and the protein-
containing fractions were aséayed for OMP decarboxyla;e activity. - The
fractions containing the enzyme were pooled (150-200 ml) and concentrated
to 20 to 30 ml through an Amiqgg Ultrafiitration cell apparatus using the
model 52 égil and a UM 20E membraﬁe. Several dilutions of this concen-

trated protein with buffer’ (and subsequent concentration in the cell

apparatus) ensured the complete removal of ammonium sulfate contaminatien.
-

&

A small aliquot termed "Assay Fraction 6" was saved.

NF.' Phosphocellulose Chromatography

Substaﬁéial'burificatipﬁ was achieved by the“selective elution
of UMP decarboxylase from phospﬁocellulose Ey the product of its reaction,
- .

The ‘concentrated sample was passed into a phosphoceiiulose colpmn

of 400 to 500 ml bed volume (2.5 x 100 cm). Elution was begun with-one~”

bed volume of the starting buffer (20 mM KP - 1 mM EDTA, pH 6.2), followed

By two or three bed.vo%ﬁées\of 20 mM KP - 1 m§ EDTA - 2 mM UMP, pH 6.2 and
thfee bed ;olumes of 300 mM KP - 1 mM EDTA, pH 6.2. Using a flow rate of.
10'to 15 ml/hr, 9 ml fractions were collected and were assayea for enéyme

activity. (The dilution of‘UqP upoﬁ addition to the assay solutibn obvi-

ated any significant inhibitory>effect.) ‘Fractions containing the UMP

decarboxylase activity were pooiqg and concentrated to 6 - 10 ml using a

ﬁodel,lZlultrafiltration cell and a UM 20E membrane. This sample or an
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Figure 5: ‘Analysis of protein homogeneltv by polyacrylamide
gel electrophoresis.

. . AL 6.2 ug of phosphocellulcse OMP dccarboxylase
applied to a 77 -gel and. subjacted to clectro-
phoresis for 3 - %-1/2 hcurs at 3-1/2 ma per
gel. G&l and sample preparation follewed the "
method outlined by Ornstein (33).

B.  6.ug of Séphadex G-106 OMP decarboxylase applied
to a 77 gel. The procedure followed was outlined
in part A, :

aining was accompllshed with Coomassie blue.
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“use of a substrate or substrate analog as an eluting device was |

h
__S;,/ r -

aliquot thereof was termed "Assay Fraction 7'".
A typical phosphocellulose eldtion‘profile pattern is' -
illustrated in Figure 4. Most of the proteih passes directlyswv

the cationic exchanger while OMP decarboxylase is tightly bound.

suggested by Koshland et al. (32). In the present case, the addition
of the reaction product, UMP, releases. the enzyme;from the column,
presumably by virtue of the increased negative charge of the E'UMPlcom—
plex. Recovery of apélied activity was 85-100% per cent.

- During repeated runé with the phosphocellulose column, a visible

'indicator of probéble success was the appz2arance .of a red band at the top

of the column chaﬁ”could be eluted onlyrwith higﬁ salt Concentratiggs.
The absence of this band almost inVériably was’indiqative of protein
overloading or other problemsvand’no resolution of OMP &ecafboxylasé from
the bulk of the prot=in was seén. The phosphocelluloée columné worked‘
bgst when the length to width ratio of tﬁe column was greater than 30 to.
1 andiwhen the §ample was completely void of‘(hH ) SO4 and was applied
in a‘volume less than 5% of the total column volume.

As can be seen in Figure 5A, OMP'decérquylagé preparations
following this ;tep are not homogeneous Q@v1ng two protein bands

detectable by elechophore51s in 7/ polyac1ylam1de gel.

G. Sephadex G-100 Chromatogfapby

The enzyme from the previous step could be passed through a’

Sephadex G-100 column (1.0 cm x 64 cm) and eluted with 50 mM KP, pH 7. .0.

The fractlons w1th decarboxylating actlvity could be concentrated by
ultr&@il:?atlon through a UM 20E membrane to give "Assay Fractlon 8"l

\,\

r’
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This step was not routinely used since the‘enzyme sample at the end of
the phosphocellulose step wvas of sufficient purity for this study.
Passage of the OMP decarboxylase through a Sephadex.G—lOO column

resulted in a homogeneous protein (Figure SB), though the recovery of

only 27/ of "the activity applled (based on two column runs) was less than

ant1ClQate

e

“» The sh there‘appeared to be no further purification by this step;

e made evident by increased specific activity, the loss of one protein band
2 © .
(see Figure 5) shows that removal of a contamlnant ‘had indeed taken place

J ~

. e
The lower recovery of activity in the 50 mgApotaSSium_phosphate, pH 7.0

v

buffer lnplles that- some 1raet1vat10n of the prOCeln has ‘probably also

\////?//gccurred. Lowerlng the pH of the elutlng buffer might: stablllze the
{ ‘ Y

enzyme increasing the yleld and giving a truer measure of the purifi-

@

catioﬁf This was not triep’in}the presentistudy. ~ e
4 ..The qverall.result of this five‘step procedure is a substantial
purification of OMP decarboxylase with.adequage\reeoreries. Teble IT
gives a summary of rhe results fromvsuch a purification run. The
simplicity of this method should mak /possible the ;tudy of tﬁi§ enzyﬁe‘

-

under more controlled conditions than has been previousiyfapplied to
: : g '
oMP decarboxylase from yeast. Only steps one though fiﬁe~were dctually

applied in all purifications. Step 6 was~ap§lied.;9 part of one

preparation for certain experiments.
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V. PROPERTIES OF OROTTDYLATE DECAREQXYLASE ~. =
o - - .) ( Lo N ~42. N N

@ partlcular enzyme brings out many‘of that enzymels
LB . O

£,

f'k1aet1c detall Meaction mechanisms, or cellu]ar'

The

~

pecularitiey.. -
control_proceSses an be explalned the most favourable conditions for

{ o N , ' |

enzyme activity must be determined.

’ o

A, Lack of a Demonstrable Metal Requirement

Many enzymes require the presence of a divalent cation as an

essential component of the reaction, either'as a prosthetic group on the

‘ .
.

enzyme Or as- a substrate comple xing agent to give a more favourable form

of the substrate.for bindihg to the enzyme. In the case of'OMP,decafboxy—
lase, 0 to 20 mﬁfténdentrations of MgC12 did not stimulate the reactijon.

'EDTA, however, stimulated the reaction 15 to 20%er cernt over. that of the

“

cantrol in the 5 to 26 mﬁ_eoneentratign range tested. 'Conseuuently, ENTA, AN
at a concentration of 5 mg; was present in all assays performed. o ‘
" B. Effectiof pH and Buffer Cbmposition bn.ActiVity and anbility‘ Cfl _
F Wurp 6 reveals the‘pH profile of OMP decarboxylase in tbré@-
dlfferent buffer systems tested Solutlons werd prepared w1thin/}”i pé
‘unlts of the pX of The buffers used. Two of these buffers are oﬁEs
commonly used in enzymatie-assay systems. The third one, sedium caeogy—
i late ((CH ) As(O)O Na ), was tested 51nce‘the pK of this buffer is closel
%to the pH optimum prev1ously reported for thlS -enzyme (4) ' H, o ‘ . o5

¢

Since the- actlvxtles were consistently hlgher for the phosphate

. buffer System over 1ts~pH‘fange thls-buffer system was selected for use
o . . -

“experimentally. fg.\::r-b\ o . ' ' - ////ﬁt

G’U - K e .
% : c . . o ) .
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‘The effect of buifer conconLratlon was tested at pH 6.0 where
the act1v1ty appedred hlghest After a fifteeh-minute pre-incubation
,period act1v1ty rose as the phosphate concentratlon was ralbcd to 50 mM
.Ihe act1v1ty then lcreled of f until the phosphate concentration reached
100 mM after which it started to decrease. An intermediate concentration
on the activity plateau, 80-85 mM, was chosen for etandara use. At roem
témperature the enzyme is quite stablé in 80 mM petassium phosphate (KP),
pH 6.10. The enzyme loses 50% of its‘activity after incubation.at room

-

temr *rature for about 8 hours in this buffer at a protein concentration

3

of 16 ug/ml.

C. Storage Procederes and Enzyme Stability o
; ‘, ' Lyophilization in thé!presence of dithiothreirol was the standard
storage procedure used by Creasey and Haneschumacher (4). However, after
freeze—drying OMP decarboxylase orernight and immediatelyhredissoiviné the
residue, there was a 60% loss of decarboxyléting aetivity in the absehce
of dirhiothreitoi,and a 40% less with O.Jlmﬂ dithiothreitol included.
Storage of the phosphocellulo¢ elutan;'prc 2in at concehtratione
of.less than 1 mg/ml in 20 mM KP - 1 mM EDIA,pr 6.20 a£‘<20° resulte&-in
very little loss of activityhover several monthe.(QOZ over a ﬁive;month
period with repeated freezing and-thawing).
OMP decarboxylase, desalted by Sephadex G-25 column chromatography,
was also stable to free21ng and thaw1ng in 20 mM KP - 1 mM EDTA, pH 6 20
] with a six-month period required before the decay of actiyity'reached 50%
of the “initial activiry. AdditionEOf ethylene giycol (33% v/v) to pre-

1) J- . . . .‘ . O . | . B v«
vent the protein solution from freezing at -20" resulted in a similar

retention.of activity. OMP decarboxylase from yeast thus appears to be

26

w2



b

27

c

quite stable and can be stored in a variety of ways. The ecnzyme used

~

for gtudies, the fraction from phosphocellulose, was routinely stored

at -20° C. : ' .

D. Proportionality of Reaction Velocity to Enzyme Concentration
The initial rate of decarboxylation of 55 nanomoles of OMP, in

a 1 ml reaction assay, was shown to be proportional to the protein con-
i .

-t

centration'from 0.1 to 5.0 ug/assay.

E. "Molecular Weight

ﬁo molecular weight for this enzyme has y:tEPeen reported in the
"literature, apparently because the enzyme has nét p;eviously becen purified
to homogeneity. OMP decarboxylase eiuted by UMP from a phosphocellulose
éolumn>gave only two protein bands follbwing d?sc el’ctrophofésis>(see (
Figure 5A,WChapter IV).. Passage of:tﬁe enizyme through a Sephadex G-100
column Qsing‘SO mM.KP, pH 7l00 as the eluting buf ‘er gave an elution
volume (Ves to void volume (Vo) r;tio of lf26 and .28 for two suc—
cessive run;.‘ From a piot'of the V 7V ratio e*“rmlned for protelns
of known molécular welght agalnst the logarlthr of that weléht as shown
in Flgure 7, « olecular weight of 153 OOO - 5, OOO was obtalncd for OMP
decarboxylase " The experlmeqﬁéi details for thls experlment are glvén
in the legend to the figure. p . .

Fractiohé from the Seﬁhadex G-100 column were céncentrated by
evaporatlon in vacuo (for 18 hours-with the aid of 51llca de31¢cant)
Polyacrylamlde gel electrophore31s of 6 micrograms of the progeln.re—
-vealed only one band with a - »ility similar to the fastér"of tbe two

‘bands seen with the phosphocellulose-purified OMP decarboxylase. appli-

"cation of the prbtedure of Weber and Osborn (34) for the determination
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Figure 8:

- . -.’ SN
HLS
T

2

Determination of the molecular weight of OMP
decarboxylase subunits. Relative mobilities
of proteins given are the average of three
separate determinations. Samnles applled
were composed of 25 or 50 ﬁkﬁdf dissociated
protein solutipn, '3 ul O, OSVAOfomODhenol blue,
50 ul glycerol, 5 ul 2-mercaptoethanol, 25 ul
gel buffer, and 25 ul water. This entire mix-
ture was applied to 0.6 » 9 cm polyacrylamlde
gels. :
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of the molecular weiphts of protein subunits in sodium dodecyl sulfate
revealed an average mobility of 0.697 ¥ 0.004 based on the resqits of
three géls.— From a plot of the logarithm of the subunit molecular

weight versus the mobility relative to that of a tracker dye (bromo—"

phenol blue) as shown in Fighre 8, the subunit molecular weight was

calculated to be 18,800. The protein mcbility was based on densito-
meter tracings at 540 nm with corrections made for gel expansion” in the

7% acetic acid. o

Thus OMP decarboxylase appears to be a protein of molecular
. 4 v *

weight near 153,000, perhaps composed of.eight identical:subunits.

L]
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VI. INITIAL VELOCITY STUDIES OF THE OMP DECARBOXYLASE REACTION

A. Introduction

The study cf the kinetics of an enzyme provides a means of
studying how a reaction may proceed. It can not prove, however, that a
mechanism is correct but can rule out zlternatives which are not con—.
sistenF with the experimental daga. Kinetics as such is a limited téél
~in the study of khelreaction mechanism of an enzyme. By initial vgiocity
studies, one can got determine the number of intermediape cémplexés that N
intervene before the release of products (35). Kihetic measurementséggﬁ/'
can,‘hbwever, shed light on.the order of combination of substfates and
release of products. The methods devised by Cleland (36, 374 38).have
been very helpful in the systematic kinetic examihationcof reaction
sequences.

1

No detailed kinetic study of OﬁP decérboxylase has appeared in
the literature though reports bordering on this écea have appeared.
‘Several studies with OMP decarboxylase, however, have dealt with the
use of'nqcleotide inhibitors as a’meaﬁs of limiting de novo pyrimidine
biosynthesis (8, 9, }0, 11, 39).

It is hbped‘%hat the results of this study will help lead to
tﬁe elucidation of this reaction.mechanism5
B. Methods

Initial velocity studies were carried out in.Gilford.ZéO énd _
Cary 15 spectrophotométers by measuring the rate bf change of absorbance
at 285 nm. Veiocities were determined ffomJthe initial slope of the

. i o g . . .-
reaction progress curve using a millimolar extinction coefficient change
N . ‘

R
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of =1.93 for OMP decarboxylation to UMP. 1Initial velécities were
: ‘ /

expressed as umoles OMP decarboxylated per minute per milliliter of
protein. Each miliiliger of protéin contained approxim?tely 250 ug
that yieldedAZ'bands.Qn éél électrophoresis. Concentratioms of sub-
sFrétés and inhibitors whicﬁ'va?ied with the experiments performed will
be given in the text or figﬁres.

Estimates of the Michaelis constant.(Km> and maximum;vclociié gy)

from the available data were obtained in two ways:, el 4

. . &'wl
l. By application of an unweighted linear regression analysfg

(0livetti prdgram #681009) to the reciprocals of both the velocities and

the OMP concentrations. Standard errors of the intercept (1/V) which SRS
- ) . : ,

were less than 157 of the intercent valué}&gre

ﬁ;v.v q(: ».

takenins indicative of
: N e,

<33R
X

wes o

NS4t

adherence to the Lineweaver-Burk equatiod#&k E
3t L .

“the slope

(Km/v) is not given by this program. - o

2, By'wéighted fits, to the Liﬂeweaver—Burk equation as
/’ ‘ 1,
developed by Wilkinson (40). The Olivetti computer program developed
: T ,

i

for this gives a corrected K

and V together with their respective
m .

standard er%ors, on the assumption that the data will fit the equation -
‘obtained by Lineweaver and ﬁﬁrk (5). In‘this case the slope was taken
as Km/V with the error in the.slope being equal to the sum of the per-
centage errors of Michaelﬁs constant and maximum velqcity respeéti?ely.

C. Results

l.. Initial Rate Studies with OMP

The mean maximum velocity and Michaelis constant for OMP from

i .
. . L + ,
five separate experiments were 1.40 - 0.04 umoles OMP decarboxvlated/min/ml

protein and 5.1 t 1.5 py.respectively. This latter wvalue agreeé well with
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vxglﬁes previously reéorted (4, 7, 8). Precise dgtermlnaLlons of the
;g;lmum velocity were difficult 51nce substrate 1nh1b1t10n wvas fre-
qyently observed at the higher concentrations of OMP tested. This

has previously been reported fd; OMP decarboxylase from calf thé%us

and was termed "substrate choklnp' (7). TFigure 9 is the Lineweaver-
Burk plot at pH 7.0 1llustrat1ng the existence of SJbstrate 1nh1b1tion
for the yeast enzyme. The straight line shown was obtained by linear
regression énalysi; that exclﬁded the higher OMP concentration velocities
that were subsequently added to the plot. Deviations from t%e éxpected
Iinear Lineweéver-Burk plot are ésﬁ?cially noticeable at QMP concen-—
trations of 0. 167 and 0. 223 mM Suzgtra;é inhibitiqn was also evidgnt
v‘at other pH Values tested.

Figure 10 reveals how little the Michaelis conétant for OMP and
the maximum velocity for decarboxylation varied with pll. The eﬁperimental
- details for this study are given 4in the legend of the figure. The maxi—'

mum velocity is apparently 1ndependent of pH over sthe region tested up

to pH 7.5, after which it drops off rapidly. Tﬁg/t of OMP shows a
very slight pH-dependence which may be negligi (e due to thg magnitude
"of the error in the Km;A - ’ »cx@f'

Data presented in Chapter V suggested tggt OMP decarboxylasei
has more than one subunit. Hill plots (41) were éonsfructed QE see “
if any cooperativity ex;stedvbetween thése subﬁnits. Since no sigmoid-
icity was apparent in the presence of varying amoﬁnts‘of OMP (as seeh%
by the linear double reciprocal plots), the ‘Hill coefficient of 1.0 ¥

0.1 for three separate determinations was not unexpected. The dis-

‘tior e At
sociation constant of OMP for these determinations was 5.3 ~ 8.1 x 10 ég.

EAN
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Figure 10: Hdydrogen ion effects on ti. lichaelis constant

and maximum velocity of the reaction.
ox : o .
A - K II.D;B —— V_ . Assay media contained
m max . o
7.5 ugm phosphocellulose elutant protein, 9-100
N uM OMP in §5 mM KP - 5 mM EDTA at the sclected

pH. Spectrophotometric assays were run in trip-
licate at each OMP concentration used at each pH.
i /Vwat,aﬁd’Rm‘along with their s:: lard errors were

determined by the second program method outlined
under Methods.. ° . - ’

& . g -
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This wvalue is very similar to the mean Km value of OMP determined

for this enzyme. g ‘ ' ' ;

2. ’geaction ﬁpversibili;y
The milliéolar extinction coefficiént of OMP at pil 7.0 1is
10.4 with the maximum absorbamce occurring at 265 nm. For UMP at pH
7.0, a Qalue of 1 1 at 262 nm is given i; the Pabst circﬁlar»(&Z);
'Anélysis of fﬁe cOncehtratioq of initial substrate and”of'thé final
pro&uct aftef the réaction had proceeded to completionnindicateé that
there is esSehtiallyleOZ converéion of OMP'to e, Thdugh this is.an

insensitive détermination, it tends to support the previous conclusions

of Lieberman et al. (2) and of Creasey and Handschumacher (4) that the

decarboxylation of OMP is an irreversible reaction.” Both groups examined

: s . R N
the reversibility of the reaction by testing C incorporation. into OMP

using isctopically labelled bicarbonate and UMP in the initial redction
Yo -

o

m&dium. Since no radiocactivity was detectable in Qﬁ?, they both separ-
~ately concluded that the reaction was irreversible.

However, the rate .at which © ' is decarboxyvlated leaves the

conclusion of utter irreversibility open to question. Formation of Ilow

1évels~of~OMP may not be reaqiiy.decectable dqe to t@e répiq,réversion
to UMP and biéargonate witharéspect fo thg réfe of dMP formétiog}

Meaéurementg of‘isétopefexéhange'intoba érefexisting\unlabelled“ppol of
OMP provide a'mére sensitive test. "

s i,

Accordingly,il;74 umdles.lac;NaHCO3'(46‘ﬁfllicuries/millimalé),
1.68 umoles UMP and 0.094 umoles éf OME (to gerﬁe és a»txép'fopbthe
‘possible 15belled OMP formedj were mixed.in 1050- ul of 85'm§_kE -5 my |
EDTA;”pH 7.5 to avtotaljvolume of 1.42 ml and the feactiqﬁ;was started

By the addition of 1 ug protein. The mixture‘waé,indubated at 300;‘200

3 —

3

6



aliquots were taken at various times and the reaction was stopped by’
the addition.of 50 ul 2N KOH. The mixtures were subjected to chroma-
tography on Dowex-1 columns (7.5°x 0.5 cm) with elution with 25 ml of

0.1} NH,COOH followed by 15 ml of 1.0 M NI, COOH. One milliliter

~

frections were collected. ‘Absorbance at 260 nm was noted and radio-~
activity was deteFmined.v %igure %1 reveéls the typical prefile seeev
in each ca .- The height of the radicactive peak ender thaf of ehe
optical density peek Qas a meésure‘of the 14C incorporation that
occurred. Slnﬁe OVP and UMP elute together in thlS proflle, the total
optlcal deD51ty at 260 nrt' &as esseqtlally constant with each aliquot’
tested The umoles of OMP remaining at the varleus times were calcu-
‘1ated-from a progress curve obtained by"following the reaction spec;yo-
photcﬁetricelly at 285 nm under identical conditions using enlebelled

bicarbenate{ This provided a means ef deterﬁining the eﬁecific radio-
;ctivity of the residual bMP. 2 - - &
‘The epecific éadioactivity of OMP was observed to increase with
e . . ) .
time. Tits to a linear increase of the specific raﬂioactivity with time
,Qe;e poor- as revealed bv large varlaelons in the value of the 1ntercept

g '
by llhear regre551on analy51s However the slopes from these analyses -

{rom duplltﬁte runs wér% equlvalent to velocities' of 0 39 and 0.65 umoles
HCO3*be1ng 1ncorporated per hour per mllllllter of proteln. The apparent

average veloc1ty 1n ‘the . réverse dlrectlon is ‘therefore approx1mately 6 6—

. : 1
12 nanomoles/mln/ml protein with CMP serving as a 4C—OMP trap. ‘These

results indicate that the Qecarboxylation’pffONP is reversible to a

- certain degree, in agreement with the law of microscopic reversibility.

Under the experimen;él'eonditions used, the ratio of the yelocity
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in the forward dira2cticn (measured spectrephotometrically at 285 nm)

to that ot the reverse directicn was 95. The wagnitude of this ratio

-

emphasizgs the virtual irvreversibilitv of :hefCﬁ?.dqgarboxyldtion
reacticn. ThUF the iwmprchabilicy cof dgteccion of OMP? formation from
bicarbonate and UM in the absence of an OMP traﬁ as previously
attempted is apparent.

OMP decarboxylase is a'highly specific enzyvme Rnown to decarboxy-
lgte only orotiﬁ?TBte and 5-azaorotidylate (10). The substrate analogs,
orotidine and orotic acid, were tested for their ability to irhibit
decarboxylation. Fifty per cent inhibition was seen with 0.8 mM

-
J
‘crotidine by interpolation of a plot of percentage inhibition versus

3

the orotidine concentration at a fixed OMP concentration. Orotic acid
(0.24 mM) gave bnly. 6.57 inhibition but higher concentrations could not
be used due to both the limited solubility and the high ultraviolet
absorbance of orotic acid. ' : '
Orotidine is believed to be metaboliéally inert (43). This was -
partially confirmed by the cbservation that incubaticn of 1.6 mY orotidine
with OMP decarboxylase resulted in no spectrcphotometric change at 285 nm
over a one-hour period, showing that the nucleoside is not decarboxylated
to uridine. The presence of theg%hogphate at the 5'-position of the
w0 _ .
ribofuranose ring thus-appearsiésgeptial for the binding of the nucleo-
tide in the proper orientation (that enablgs decarboxzylation to proceed).
/ N
The large ratio of the orPtidine concentration giving 507% inhibition
(G@gnmg) to the dissociation constant of orotidylic acid (5.3 uM) re-
flects the magmitude of the binding enhancement that the phosphate

moiety provides.' It is ncteworthy that the most effective inhibitors

\ - . . &



“\\
of OMP decarboxylase are primarily 5' nuclecside monohhosphates (6, 8).
The near irreversibility of the reaction severely iimitS‘the
kinetic methods'epplicable to the study of thig enzyme. It-is im-
possible toAdo initial velocity studies in the direction of OMP
syhthesis. The use of isotope exchange studies at chemical eduilibrium
is‘likewise impractical. The only useful kinetic tool remainihg for
eluciaating'reaction sequence possibilities is that of product inhibition.

In studying the effects of UMP and uco;, potassium chloride was used to

maintain an effectively constant ionic strength.. Studies;w £H. UMP (as a

product inhibitor) were carried out at pH 7.0 or 7.5 while a pH of 7.5 &
was used to help minimize conversion of the HGO; to CO2 gas or carbonate.

3. UMP Inhibition Studies S

Although kinetic analysis of the producﬁoinhibitidn_by UMP had ",

not been determined

'Veral°aubhors have reported data suggesting that:

UMP is a. competitive 1nh1bitor of OWP.binding (ﬁ,;6,;

Jz’/

ARY. The latter
5ge
58, =3 RIS
paper reported a K. of 2.08 x'10 W With UMP for the* yeast enzyme.

T %y :
Statistical methods were not used to verify that the, 1nh1bition was

indeed competitive.

-Replicate measurements of the reaction velocity in the presence
o .

of varyino ‘concentrations of UMP indicated that UMP was not alcompetitive

“inhibitor, as shown by the. data of TFigure 12.. ;he prg;ehégég% UMP causes

Zaa_change in the intercept of.the reciprocal plot which far exceeds the

standard error ;f_the maximum velocity. Thus it would appear that the
Ty v . ,

binding of UﬁP is hot exclusively restricted to the free enzyme.

Strikingly, the intercept plot as a function of the UMP concen-

treticn was not linear (as seen in Figure 13).‘ This figure implies that



Figuré,lZ:/

Double reciprocal plots showing product
inhibition by UMP at various OMP concen-
trations. Results are reported as the

mean, plus or minus the standard deviation

obtained for three velocity determinations

at each selected OMP and UMP concentrations.

A, 0.0 md UMP; B, 0.75 mM UMP; C, 1.29 mM .
UMP; D, 2.64 mM UMP; E, 3.20 mM UMP.
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Figure 13: Plot of the intercepts from Figure 12
obtained from a Wilkinson weighted fit
to the Lineweaver-Burk equation against
the UMP concentration. Deviations given
are based on the standard error reported
‘in the V determination.
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- Figure 14:

-

. Wilkinson fit if the 7% e fﬁf in the Vmax

s
Plot of ‘the slopes obtained from Figure 12
against the UMP concentraticn. Slopes . were

-y . )
equated to I\m/\max obtained by Fhe weighted

fit program (Method 2). Standard errors in
the slope determination are not reported
since neither program used provides an
accurate means of assessing them. A standard
error for the slope couldsb&)used from the
and

. Km determinations were summed before the Km

was divided by V . This method gave an
3 - max’ :

averége'errof of 15 - 20% in the value of the
slop¢ obtained. ‘
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other degree of complexity.in the reaction sequené&uexists that cannot

be explained in terms of a simple. ordered Uni-Bi mechanism. -

. Analysis of the slope replot, shown in Figure 14, gave an

inhibitory constant (Ki) of 1.6 mM.

4, HCO;vInhibition Studies
-

»

The double reciprocal plots of the rate of OMP decarboxylation

-~

. ) - .
at. various concentrations of-HCO3 are shown in Tigure 15. "Figure 16

' . ' V I3 ‘ Q ° N "". . 3 !
gives the slope and intercept r%plOCS obtained from this figure. The
inkibition by bicarbonate appears to be compétiuive with no statistically
signiﬁicant'changes in the interceptjvalue.'uHowever, the intercept value
at 300 m1 bicarbonate was significantly different from those »f the lower
bicarbonate concentrations. Exgrapolaﬁion of the slope:replot gives an
inhibition constant, of appfoximately‘375_mm. The apparwnt weakness of
the inhibitory effect of bicarbonate, as evidenced by the high concen-
trations ‘required, may obscure the precise nature of the inhibition by"
S [ - :
this product.

A . *

5. Inhibition Studiéé‘With Both Products Present

¢
Bidhrbonatg, which appears to be a competitive inhibitor in the

- S . ﬁ B )
absence of UMP (as seen from the intercept replots in Figures 16 and 17A)

. L4 ‘
apparently becomes a mixed competitive-non-competitive inhibitor in the

presence of UMP. This .transition is likely acéonsequence of the non-

competitrive inhibitory nature of UMP.

Slope replots élSO‘Appear'to be linear functiqné of UMP or‘HCO3

when used in combination as shown in’Figure‘l7B; -A slight tendency of

the slope replot toward non-linearity appears evident as thé concen-

“tration of the fixed product is increased.



.Figute 15:

-y
N

Double reciprocal plots bhOWng product 1nh1b1t10n'
by bicarbonate at varying OMBwconcentrations, .Re-
sults are plotted as the mea&z plus or minus the
standard deviation obtained from three or more
determinations at each selected initial concen-
tration. )

A, OmM hHCOB,.B, 150 mﬂ_KHCO3 Sy 225 mM hHCO3,

D, 300 mM KHCO KC1l solutions »00, 150, 75
bnd 0 mM were added respectlvelv to keep the ionic
erenOCh constant. : -

T



30

N
(@)

y ]/v ()Jméléé/min/ml)i]

(@)

-8

-

|

L
0o 004 008
J 1/OMP (pMm)

J
(

\,
N

-/

012

45a



*£1saT309dsax Ex pue me> m:udmw muouum.mwmuamuumm 9yl Jo uns ay3l
031 Tenba wmmucmuuwmydnmm possazdxo sem adols @Yyl UT 10113

2y weafoad uﬂm‘vuugmmmz.aomCﬂxHﬂz 29Uyl woaj 9ae S10119
piepuel§ *UOTIBIIUSDUOD mwﬁﬁﬁ@MwUH@ a3 3sutede ¢ 2an81j

woay -paureiqo (g) muamuuwuﬁw mﬁw (v) sadoTs 2y3 jJo s3014d

°
*
ST -~ & _ “
=~ -0 Rl - .
IR ~y { 3 .4
| A 4 .
Ao © " ~ e - <
. ~ : - A
- N
s L% D N s
- 2 To. - - ~ A
- . s e : -
- ES
EREEY . © - :
> > LIEI S o7 . ®
- A ~
- 2 .
. 2 . '8 - .
i > L ’ NN
N .




"!‘()a

.1\ ?
(u--m) odoig .
o
S Q e o
I = I | | | .
' \ o
— e Dt 3 — -~ O -
2\ & )
\ - -
\
\
A ;
-\ oy p
- \ 48
\ N -
\ O
\ ‘ .
A T
) \ . :
\ ' E '
\ &
\ @
B \ 12 )
\
\
v\
\ "' | \(2
© AN i,
i : E’l ' l!—\n—l b ] : o
= e o

| (>—9),- (|w/u'gw /s'a|owrf) J,daa-Jaqm[



“

$ o -

H(vimv) d0 HE 4y7T_PUB ‘(@—m) dHO WE SO'T ‘(6—e) JWn Wu o
.:Oﬂumuuq@ocou.moomx 2y3 3o uor3duny ® se jordaxa 3de9daazur (Qq)
B . ¢ o ) .A<MW<V mmozx
Ww GZz pue ‘(a~—m®) “OOHM Wu 0ST ‘(@—e) “OOHY Wi 0 -
‘UOTIBIJUBOUOD I} @43 JOo uoiiouniy e se joldsx 3dedisqur (®) -

*pPoXT3 ST 12Yljo 3yl S[Tym pafaean ST cOﬂumpucmucmw 3onpoad auo
L 219ymn sjonpoad yioq jo @dussaad ayj ur sjofdaa 3deoaajul  :y/] 2In3TJ

N B \



“7a

00t

SODHY WW

00c - 0oL

N

i—ﬂ@/uwykqowﬁ)4dan3w|




“(y—v) N m_o.m ‘(m—m) a0 WL 2970 ‘(@e—e) JHN Wu O
*UOTIBIIUIDUOD “QOHY @Yl Jo uolzouni e se siofdsx adolg (9q)

_ ¢ _ \ “(|E) mmomx

W Q0§ PuB ‘(v—v) “ODHM W& 0GT “(6—a@) “OOHM Wu 0

*UOTIBIJUIDOUOD JHf) @Yl 3JO uoridunI ® se sjoldax adols (®)

. *POXTI ST 19Y3jo 3yl STTym poaliea ST coﬂumwucwvaoo
jonpoad suo axaym sionpoad yioq jo @oussaad ayl ur siyoydea adoTs g7 2aANBEJ’



43a

T 1 1 ‘ T - i 0

s

"

Q

CODHN Wu S odwn oww
00€ 007 o4 - o0oc¢ . L - 0

o
N

L.
g |
(Jw/uw/sjowrf/wrf) adojg




49

The possibility of co-operativity between ehéyme subunits
contrib;ting to the non-linear plots appears ﬁo be slim since the Hill
interaction coefficient was 1.0 ; 0.1 with the ratio of the Michaeclis
constant of OMP to the dissociation constant of OMP equalling 1.0 + 0.04,
as shown in_TaBles 111 and IV, regardless of the inﬁiﬁitor concentrations

L

used.

v

.6; Heﬁhaﬁism Pfoposal

Upon appiiéation of Cleland's rules and nomenclature (36, 37, 38)
to the'study of t@e.reaction sequente, the following conclusions were !
deduced. The reaction could not be simp%y an égdered Uni-Bi reaction

" ‘mechanism since one product should give linear competitive inhibition
‘while the other would give linea;.non—competitive inhibition. In an

"Iso Uni-Bi" reaction mechanism (with isomerization between two enzyme
forms after the release of both products) both products would show linear

non-competitive inhibition patterns not’ observed here. If the mechanism

i

involved the rapid random release of products, .after the slow convefsion

of the substrate to products, both products should display linearcom-

petitive inhibition patterns not seen here. B . o

+ The existence of a dead end inhibition complex or complexes;
; . . . - O K

involving UMP has already been suggested. Since bicarbonatevfppe;rs“to

4"-,' o o, R
be a competitive product inhilitor (in the absence of UMP-as seen in

;.

Figures 15 and 17A), two possible dead end inhibitor complaxes with UMP
are shown in Figure 18.
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3

RN

m \\\i?

KHCO, o " 0.62 1.04 1.47

0. 0.989 0.970 0.984 1.210

74.7 1.094 1.003 N.D. N.D.
149 0.980 N.D 1.020 N.D.
2264 1.041 N.D. N.D.~
299 1.042 1.053 0.985

."// . .

N.D.‘— not determined.

‘-\_;,_\-



TABLE IV

Determined Under Various Inhibitoringnditioné

mM
mM UMP-

HCO 5 0 0.62 1.04 1.47
0 1.096 . 1.051 1.033 1.115
74.7 1.023 0.943 N.D N.D.
149 1.006 ~ N.D. 1.016 N.D.
224 . 1.080 . N.D. N.D N.D.
299 1.000 N.D. 1.000 1.049

N.D. - not- determined.
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(LA=EPQ) EQ E
P
V EAP

Figure 18. Schematic representation of.'two possible
B dead end inhibitor complexes with a pro-
duct inhibitor where A, P, and Q represent
OMP, UMP and'HCO3 respectively.
In the absence of bicarbonate, representation I of Figure 18-
s —_— 3,
would dfsplay slope-parabolic-intercept-linear non-competitive inhi-

bition with UMP as the product inhibitor, while representation 1I would

.+ give slope-linear-intercept-parabloic non-competitive inhibition.

of Figure'l8 appears consistent w}th the producﬁ inhibition patterns.
seen. The full rate equation (equation I) derived by the King Altman
method (44) gives the kinetic expression for the reaction_sequence as

shown in Figure 19 in terms of the rate constants for the individual

steps of the sequence.

\ . , -
v = _ \ (klk3k5A 2 41<6PQ)E @
k (k +k ) ¥ k (k +k )A+ k (k +k )Q +k2k4P + k k4 <1+k7P AP
- . k8
476

17577 ’ &

k

“F ok 1-5-1:7P)PQ + k., k_k_AP
k 8

8 -

Thus dead end inhibitor cdmplex as shown in representation II .

52°
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* Figure 19:

o

s

g B
; .
/
4 : :
/ )
/
/

"Schematic representation of a prebable
reaction mechanism of OMP decarboxylase
involving a dead end inhibitor complex
with the central complex. Rate constants
in the forward direction are kl’ k2’ kS"
and ks and in the reverse‘kz, k&’ k6,fénd 

# : '
kg : '
8 . i3

o
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~ (EOMPUMP === E-UMP-UMP-HCO;)

N /

N

k; UMP || kg

(E-OMP === E-UMP-HCO;)
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1. 1 - . 1 1 ' :
oy C v<i -K.')X+“v—~ W)
_ iq EERURRN .

- K . ‘ -
1L aft + K P 2 . , :
v vl< - > 'i_ * —l—<lv+ s fvﬁ, = 2) NAY

Lquation I can be ‘transtormed to

‘ ' VIVZ(A—PQ )
1 , N K
. Feq
2 2

s 7 + + S 0 + e v) 4 \_7 ; -+ i 0 - V ; ™ '7 ol
1\8&2 VZA K le {}\qVII. Z\P \1_1T N 2\1 o+ _\11 Q \ 0
‘ K. K K. K KK, © K K,
eq req 1p eq 1 1ip cq 1p

JOVRES

‘ Qs N .o .
where the constants are defined in térms of coefficients as outlined by

o , : o , o 2
Cleland (36) with the unusual coefficient terms Kip and Kip3 repre-

. . R 0 2
senting the coefficient of AP over .the coefficient of AP~ #hd the

) ‘ . . . 2 _ . - ) . ..
coefficient of PQ over the coefficient/of P Q respectively. Equation II,-

. > ‘
rewritten in reciprocal form in the forward direction only, is:

<
, o 2. : 2 -
1 _ KR /1+Q  +KP +PQ _+P0 ) & L LAFE RPN
v v _ :<i —9—~K 7 K Ki K Ki Ki A vl i Ki - K 2 :
1 q ptig P4 PraP a - P Piptip

- In the absence of the producté P and Q, équation III reduces to:

1
. T (IV)
- \1A. Vl "

In this form the maximum velbeity in tFé forward direction the Michaelis

'

constant for OMP can be determined directly. In the absence; of the pro-

duct P, equation III reduces to:

2
1 I

Thus bicarbonate (Q) should be a simple, competitive inhibitor in the

absence of UMP'in-agféemént with thé‘results seen in Figures 15 and 17A.
In the absencefof’the product Q, equation IIT reduces to:

7

t

K K, A \% K, . K,
P19 . ! Lo 1ip ip ip .
. . e — Y

~Thus a slope-linear intercept-parabolic non-competitive inhibition should

- !



be seen with the product P present. This is in agreement with the

results observed with UMP in Figures 13,‘l&, 175 and 17B.

1

From equation IIT, with both praduéts. present, it can be seen

that both Elope and inté?cept plots are pﬁfhbolic quctions of the
product P. With the product Q, .the intercept, which ordinarily de-

pends on the concentration of P and should-'be unchanged by Q, may be
affected by the ability of Q to keep the enzyme in the intermediate

complexes to which B binds thereby reducing the effective free enzyme
) : :

concentratian. : ' i i
. ¥ , ’

. . .
From equation IIT, with both products present, it can be seen

f
that both slope and'intércept are parebolic functions of the product F. g QQ

With tn. nroduct Q, the intercept should not be affected while the slope

e

“should be a linear function of Q. The results observed in Figures 17A

'
i

aﬁd 178 are nét completely consispgnt with these predictions. Ho&ever,

fhe intercept, which ordinaril? aependSAon the concentration of P and

shéuld be gﬁchaﬁged by Q, may be affqﬁted by the abili;y‘éf P to keep . .
the enéjme in the interpediate complexes thereby reducing the effectiye

free enzyme cqncentr;tion. ?He high Kiq value of 380 mﬁ_determined-;n

Figure 16 may obscure.- any curvature in thé slope plots until higher ~con-
Lo Y, a . .
centrations*of the product Q are reached. Similarly the slope replot,

which should be linear.function of Q, may be affected by high comten-

A\

' S . L o 2 -
- trations of P thereby giving it a non-linear form due to the P°Q term.

-

The~resﬁit§$obsefved in Figures 17A and 17B are consistent with this.” :
B L . .

~Thus, it appears that the results obtained for the OMP decarboxy-

lase catalvzed reaction can be explained in terms of an_ordered Uni-Bi

tion sequénce’ whe . ) 1 ~ &
- reaction sequence where UMP and then bicarbonate are released fromvtﬁé7 :



; ' ro 56

v

enzyne with UMP being éapable of forming a dead end complex with the

o

' ’ . . ) . ¢ A
central complex, 1ab}c V gives the kinetic constansﬁ that Yould be

determined for this reaction sequence. Reasons for the infévcrsibility
: : /

L

of the OMP decarboxylation are not apparent from the constants ghown.

The results indicate the necessity for precise datasin the

/'«f . ,
saidetic treatment of enzymic reactions. , Authors concluding that UMP
MLV N ' - ,
A, A_; ‘%Y(ald.

. ) : , ¥
was a’'competitive inhibitor of OMP (4, 39) could have been working within

/

‘ ‘ . /o
the UMP concentration range where the determined maximum velocity dees
notsappear to differ significantly from the maximum velocity SCZ; in the

absence of UMP. Maximum velocities must be shown to be significantly

different before the' inhibition can be termed "non-competitive.' At
higher UMP concentrations, Figure 12 reveals that UMP. cannot be termed

a competitive inhibitor.
This study has revealed the difficulties involved in elucidating

a plausible reaction sequence when the tools available for the study

are limited,Ey'the peculiaf‘groperties of that system.

o
-

v
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TABLE V . ‘
Kinetic Constants Obtained for OMP Decarboxylase
K, - . . : 5.1 % 1070 1
A _ | R
K ' ‘; 5.3 % 107
‘ vy 1.4 x lvO—'6 Moles/min/ml
K, , 0,387y
1q &
Kg 1.6 x 107° M .
K K, T
P 19 *
A, Q, and P refer to OMP, HCO:—3 and UMP respectively..
By
\
K\: e



VIL. SULFHYDRYL GROUPS OF OMP DECARBOXYLASE

o .
A. Jntroduction
IS

/

S ' .
’ OMP decarboxylase from yeast differs from the enzyme from
. ) T vt > -
other sourcés in its sensitivity to sulfhydryl reagents. 7The Neurospora

crassa (12),-and rat liver (4) enzvmes do not displav great sensitivity

1

to either N~ethylmaleimide (NEM) or p-chloromercuribenzoate (p-CHB).

* Creasey and llandschumacher (4) have previously reported on the sensitivity

of the yveast enzymg to the sulfhydryl reagents p-€MB and XIM. A more

-

" detailed study of sensiEivity'of yeast OMP déCarboxylaée to sulfhydryls

\
o a7

\ . -
was undertaken. @' .
N - A\ - -

B. Methods e

\ >

‘The initial studies involved adding.a fixed concentration of.

either NEM or iodoacetamide (IAA) to almlcuveéette céntaining enzyme, in

P

85 m KP - 1 mM EDTA, pll 7.00 and starting the reaction by adding a
saturating concentration of OMP. . The reaction was follswed in a Gilford

240 spectrephotometer at 285 nm.

- o | | | |
5 Forinactivation stuqies, 90 ug of protein eluted from phospho-
. ) N

cellulose were incubated at 30° in 85 ﬁg KP—S'm§~EDTA, pH 7.0 in the

presence of NEM or IAA in a total volume of 1.5 ml. witﬁ.lAA, the protein

was pre-incubated ‘for 15—20 minutes at 30° before the sulfbydryl';eagent

was added. A control mixture contained 60 ug OE,érbtein in 1 ml of the-
. ~

: » . ) \ .
same buffer. Activity of these mixtur=c wous determined by placing 100

dl samples into 740 ul of 85 mM KP -1 mM EDTA, pH 7.0 containing 26.5

nmoles of OMP and following\the,reaction spéctrophotometricallf.at 285
nm, using the'millﬁholai;extinCtion coefficient change of -1.93: Sauwples

" -

'
s
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were taken before the addition of sulfiivdryl reagent to determine the
. R ) .

initial activity (100% value) of the enzyme. Tor subsequent samples,

the ten-fold dilution of inhibitor upon addition to the assay mixture

reduced further inhibitiory effects to negligible levels.

feé)
. n ’ - QJ . . . :
Pseudo-first-order rate constants for inactivation were obtained-

from plots of the logarithm of tﬁévresidual activity versus time (45).

Sccond order rate constants were obtained by dividing the pseudo-first-
order %ate constant by the concentration of the sulfhydryl reagent,

C. Results

| * OMP decarboxylase displayéd éqUal sensitivity to both icdoacetanide

]

and N-ethylmaleimide, being inactivated 80-90%-with 0.1 mM concentrations

!

of each after a 10 minute exposure. The addition of a twenty-fold molar
excess of 2-mercaptoethanol with respect to that of the sulfhydryl re-

' ’ i .’V . . - i v )
agent used prevented the redgent from inactivating the enzyme, although

2-mercaptoethanol alone did not increase enzymatic activity.

1. Sulfhvdrvl Sfudies with N—ethylmaleimide

The addition of NEM in a two-fold molar excess to 0.2 mM OMP did not .
inactiVate the enzyme (6ug/ml) if the catalytic reaction had been started

before the NEM addition. However, the additiof of NEM be.ore\¥1e addition

"
&

of an equal amount of OMP resulted in a progressive inactivht%on of the
enzyme,'the“degree of inactivation being dependent on the timé’elapsed
bet@eén the NEM and OMP addifions.. Thus the sulfhydryl reagent NEM

figaﬁho; be used tqﬁ§;gp a'ptoceeding reaction.

.

yconcentrations of 0.29, 0.44, and 0.73 milli-

o, e .
b .

N—ethylm

B ,';\' . ' . N - - - [ .

ér than 90% %oss of activity within 25 minutes.

Ror A S '
ty.to.these reagents

: ’ VLN
reveals that concerntrations

.

. v , :
[ ' ‘ -
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Jlower than those normally involved in sulfhydryl inactivation studies
~;ﬁu be used.

N_~With 0.033 m{ NEM, OMP decarboxvlase inactivation follows a

pattern that is biphasic in nature as shown in Figure 20.
210 uM OMP, 10.1 m UMP, 8.8 mM orotidine or 0.32 mM orotic

acid did not offer any protection to the enzyme from NEM activation.
Since the OMP:is rapidly converted to UMP in the.incubation medium, 1ts
possible protective effect 1§ quickly minimiZed by the decarboxylation
that proceeds. Higher concentrations: of orotic acid were not attainable

. . "

because of its ltmited solubility. The ineffectivéness of orotidine and

- UMP in providing protection from NEM inactivation; suggests that the (Wﬁ)

-

. » f . ) [
‘sensitive sulfhydryl group is not part of the enzyme's active site. In-

S o . _ : . / . »
activation coulg be a result of a conformational change invoked by the
LR . v . )

¥

.3 _ .
binding of NEM to.the protein.

Three separate deter@inations of the pseudo-first-order rate
constant for the fast phase of inactivation gave.values of 0.157, 0:215
1 %i . o o . -

¢ - “ . . . kY
and 0.203 min rgﬁpectlvely. The average value of the second-order rate

PR - . = 3 ., -1-1 = Lo
constant of inactivation was 5.8 + 0.9 x 107 min M - 1nd1%?t1ng that the
proposed sulfhydrvl group reacts veryy quickly with NEM.

2. Sulfhvdrvl Studies with Iodoacetamide

v

High reacti&ity of a sulfhydryl“gfbup with iodoacetamide may

. ) . o ' ‘ .
be taken as evidence of its availability to the solvent (46). The. rate
U T » , A 1 ‘ ]
. of 'reaction with iodoacetamide of glutathione in solution was 75 min M.
; ‘ | , R -, ; .
Comparable rates of reaction of enzymatic sulfhydryligroups is indicativé
N , 7 : : b

' o

.«0f the unhindered acceésibility on the surface of the molecule (46, 47).
The rapid reactivity of OMP decarboxylase with NIM suggested that

measurements of the rate of IAA reaction with OMP decarboxylése might

<
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reveal the availability of these SH groups to the aqueous media. Again
the biphasic nature of the OMP decarboxylase inactivation was observed,
as shown in Figure 21. FEvaluation of the rate constants for three

different experimental runs with TAA are shown in Table VI. The mean

values of the second-order rate constants for these experiments were

+ - -~ + - -1 '
126 -~ 9 g'lmin ! and 21.9 - 4.0 ﬁ_lmin ! for the fast and slow reacting

sulfhydryls respectively. The magnitude of these twoAvalués indicates
that neither of these SH groups is buriéd within the-proﬁein.

A fourth experiment was run simultaneéusly with the fir;t. The
presence o% orotidine in fhis incubation system has no appreciable effect
on the reaction rates of either group with iodoacegamide{

‘Ray and Koshland (48) ha&e previously showﬁ four possible inhi-
bitipn patterns are ﬁheoretically possible, dépending on how the

g

modification of amino acid residues affects enzvmatic activity. The

method is,particularly applicable when only one tvpe of residue is being

thesé,adthbfé. In this inhibition scheme, illustrated in Figure. 22, the

‘éaction of one residue with the modifying reagéqt still gives a protein

PN

that has partial retention of enzymatic. activity. Further modification

of the enzvme by reagent results in the complete loss of activity.

-
i s

It is~notewortﬁ% that this figdxe is-svmmetrical.: The pathway
that predominates will depend on the magniﬁpde of'klland kz. The com-
plexity of the kinetics of inactivation will therefore-largely depend on

the fractional activity left and E

9"

<

i%. the modified forms EI

-

o

w2
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Figure 22. Mechanism for partial retention of enzyme
‘ ‘ activity upon reagent modification of specific
residues. .F 17, and F, refer to fractions
of enzvmatic activity léft to tha protein as
a-—result of the modification of given residue.
The artl\wtv of the unminodified pEoLeln was arbi-

1

trarily given a fraetlonal levelj of 1. 00! %
and k, are pseudo flrst order 1naetlvatlon rate
constante

~

The observed_activity as a function of time for this case is

o . . /
- z

given by Equatibn I. - ' - )

-(k +k )t

1772 t

' ' > L. z
A/Ag = By + (1-F + (PR kst (F,~F)e k

3 ~F _+F )e

172 (D

Precise evaluatlon of the constants is feasible only when F2 //F =0

or Fl = F3 = 0. Flgqxé 23 indicates the method for graphlcal/an91y51s

for this case as applled to ‘the mean of the fractloqal actyﬁ;ty left at - j
. . R o :/ v . !
various times for experiments one to three of Table VI assuming F

2'= F3 = Q.

Table VII gives the values of Table VI reassessed igﬁaccdrdende to Equatioﬁ

i. S L ‘ g
; A , N 1O
From the results tabulated in Table VII, the generalized Equation’
. o -
. &
I for case 4 in-the case of OMP deearbOAVlase is 31npllf1ed to fquatlon II.

O C597L -0.0106¢t

A/Ao = 0.911e +.0.089%¢ ‘(11) e

65
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. TABLE VII
Evaluation of the pseudo-first-order and second-order rate constants
in terms of a model proposing a partially active enzyme species during.
sulfnydryl modification. ’ :
—— _ ) ) .
£ Lk k “
. T U e o 3
Experimeﬁt (mf)  (min 7) (m%guj) Fi & (min M ) “(min M )
. ¢ o
N
1 0.497 0.051  0.012 -0.100 . 102 - 2446
2 0.474 0...s  0.011 0.094 123 23.3
3" 0.474 0.053  0.008 0.073 111 . 17.3
Mean of 1 to 3 0.054 . 0.011 008 - - 112 21.9
. N o ' . L
f : 0.497 0.050 - 0.010 0.128: 100 _ 20.6
Figure 23 9 0.050  0.011 -0.105 Ty y
° ; / B . ’ - . ‘L“

L ’ .

— —

Determined in the presence of 4.72 mM orotidine.

A

v . . N ° . . . ’ N
7Second-order rate constants were not determined since the means were \

" based on values using two concentrations of IAA that were not identical. \

-
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The ¢alculated values of A/Ao, using tn}s equation, agreed well

-t

o

with the mean values determined for the* three 7xper1nents wrth a. deviation
of the talculated value from the mean‘value belng,less than 15% over the
vtirst 40 minutes of incubation. The deviation of, the calculated observed
percentage variea by less than 3% after 40 minutes.
. This'refinement”also eonfirm% the faet that both snlfhjﬁryls.
are freely available to the solvent The rapid binding of the first
sulfhydryl yields a modeled proteln that -has only about 3.9% of the !
unmodified'protein's actiyity. 6rot1d1ne, present at 4 highly inhi-.
bitor? level fcr OMP decarboxylation, did fbt appreciably a;ter the
1nact1vatlon rates of either’ sulfhydryl group | ‘
fhuﬁ it would appear that the two. sulfhydryls or OMP decarboxylase\

that readily react w1th NEM and IAA are not at the artlve slte of the
protein. Their access1b111tv to the- solvent and the resultlng reduction
Pof act1v1ty upon moélfrcatlon sugge‘ts that a conformatlonal change of

the protein followrng reaction with NEM or IAA is the cause of the

actlvlty loss A0.5 -.1.0 g diSplacement of the amino acid residues

at the catalytlc site due to sulfhyﬁryl reagent blndlng could completely
— e - . Lip
dlsrupt the precrse space orlentatlon (49) needed at the active site for

enzymatic attivity.



. " VIII. CONCLYSION . e

" The enéyme-orotidylate‘decarboxyiasei(E.C. 4.1.1.23) has not
. . i ¢
beeri studied in .the past to any great extént. Ir .stigations on it

L
<3

~ have taken place in péssing during'pyrimidine analog studies on
“fbyrfTidine metdbolism (8, 10, 11, 50, 51;,52), and during studies of c

the rare human disease orotic aeiduria (16, 17, 18,753, 54, 55). 1In

' marn, ﬁhe last two enzymes in the synthesis of UMP, OMP pyrophosphorylase

and OMP decarboxylase;-are thougHt to be geeetieelly linked (17). !Ini
R 2

other systems, however, this is not the case, thus showing diversity in

the genetlcs of pyrlmldlne blosynthe51s (20, 56) . Studies on the con-

trol of pyrimidine biosynthesis in S. cerev151ae(22) in E. coli (19, 20), )‘
. \ — == —_— .

. . L } ) .

in’Pseudomonas aeruginosa (51), and in Neurospora crassa (58) have re- -

vealed an uneXpected degree of non-uniformity in the control'pfocesses.
This makes it highlyvprobable that the:individual:enzymes, ih:the pathway
w'may'have uniqueyprbpetties dependent oh.che source from which they are

isolated. . . ’ S . _ .
- . . .

OMP,dECerboxylese:used in the cou%se’of these studies was ﬁearly‘
‘homogeneoue»showing oniy two detectable pfetein bands’on ﬁolyaérylamide
.gels after phosphocellulose coiumn'chromatography‘uaing 2 mﬁ;UMP in the
" eluting buffer. The protein at this spege displeyed remarkable eiebility
;to a vafiet§ of storage‘proceduresoand 3$3ctivated very’sloel/ in 80 mg
KH Poa,\pH 6 10 at ‘Toom te;perature Magnesium was‘noe esSential for the .
»reactlon as revealed by ‘the retention of act1v1ty upon the addltlon of

L o

EDTA to the assay system Klnetlc'assays.were carried out at pH 7.0 or

7.5 though»xhe enzyme stability was greater,near.pH‘6. The maximum
. ) . E . . N @ ) . o
r. /( . ) .
69
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velocity and Michdelis constkant for OMP were not altered‘gppreciably
over a pll range of 6.2 to 7.5, indicating .that a hydrogen ion coricen-

tration of 3.1 x IO-SM to 6.3 x 1077§ does not altéf the idnization

state of either substrate or protein. N

’

, . : ‘%
- OMP decarboxylase was ‘shown to be a protei

Y

of eight identical subunit§, each with a molecular weight of about V}}
. .ot &

19,000. This suggests that each enzyme molecule ﬁayThaVe eighf;
f ‘ s . . LT

catélytic sites. Though the number of:-active sites actually present

+

~was|not determined, Hill -in the presence of neiﬁher,,éicher, or

both products gave a clnstant interaction coefficient: of unity,

) ) \ . . o )
- indicating an apparent absence of interaction between subunit active, .

. . T : *.;
sit :s. - S e

The‘ssbétrate inhibition observed at higher'orotidylaﬁ%

concentrations dis therefore'likely'due to erroneous binding of orotidy-

~

late rather thaﬁ binding to a distinct site on the enéymelmolecule.

.3 ’ . . ’ +
This -weak inhibition indicates that this is not & normal method of

1

controlling enzymic activity. Substrate inhibition byvOMP and a Hill

interaction coefficient of one have been reported preViously for this

‘anzyme (6, 7. : N

The enzyﬁe's épecificity is high, with only orotidylic and

6-akaorotidylic aEids {10) being known substrates. ‘Orotidine waf

‘shown to” inhibit theifeactidn, with 50% inhibition seen at 0.8 mM.
[ P ) ) .

However, orotidine was completely inactive as a substrate for decarb-

’

oxylétion“emphasiziﬁg the reqﬁirement of a phosphate.at thé—g?\position

o

of the furanose ring for catalytic activity.

The kinetic study of this enz&me subported an Uni-Bi reaction

n prdbably‘coﬁposed [

70 -
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proteln.M Each mllllllter of prote n contalned 730 Lgvnn two" ban 5 g %
: : ‘ _ mﬁb :
égﬂ electrophore31s. The essentlal 1rrchr51b111ty of the ggactlon -

. . < ! : . Q/? PR AL
makes the ca lculatlon of klnetlc constants (such as the Vlcnaelis con% ’ ;“ :
stants of the products).impossible. . o EO Y §§ e 9

. . : 3; e ) ‘ vy :
~ v oY i
Hill piots revealed that the dlssoc1at16n constant of OVP nearly = :
\ oo . e ¥ ;3"/ LT
equaled the value of the Mlchaells constant in all ‘tases uhere. 4 LN
P - . ) . >ul
o : - : i : R .
OMP - 4 ' 5 ’ T e e
K, =k /k and . 7 WS -
" 2% . o h{%
- o ) %) PR
1% ‘ . Co o ' - . r
O R - . ; ‘ Lol ﬁ’
m
—
-~ R

The Mlchaells constant approaches the value of the d‘"soc1at10n constant

. o, .
wWhenﬂkB is approximately zero. The dissociat;on constant for a substrateé

v

would mot be expected to equal the Miéhaelis constant espec1ally in the ?'
case of an irreversibletreaction. Thls 3mp11es that the rate of release

of ‘the first product is* verv slow w1th Tespett to the rate of conxersione_

-
Mg ' - 1

to products w1thout pladlng llmltatlons on the rate of rclease of the

L b
'-.v, \~<

second product of the enzyme. ~The apparently slow release of the(flrst ’

R

contlnuous conversxOn»of‘oroﬁké ac1d to orotldvllc acid where th7 equ111br1um

N
.



A

constant’ for the OMP pyrophosphorylase reattion is only 0.12 (2). -
Essential irreversibility of the lgst step in the biosvynthetic path—
way of Vb$ maintains low levels of the intermediary métabolites pre-

venting product inhibition within thé pathway. The non-specific

B . y v
inhibition observed with monophosphates may be a weak control in
N - ‘
Qe

maintaining levels of purine and pvrimidine phosphates in a fixed

ratio. « . .~ ]
-Ihterpretation‘of‘nucléotide inhibition studies may be complex. .
- } . .. . . N

. The question arises as to whether the inhibitors are acting as structural
analogs of OMP or of UMP. Orotidine 5'-monophosphate has been reported

to“ekiSt in tﬁeksyn conformation due to the bulky-nature"oﬁ‘the'carboxyl

gfgup on the C-6 position of the pyrimidine ring (59). Uridine 5'-mono-

. pHosphate has bec shown to exXist primarily in the anti-conformation in
!solution (60)." Thus the favored structures for these two nucleotides .

='in aggeous solution are:’ ' - oy
« -, .

Sl
ha

UMP

‘j;hﬁucleotidéé\aiLhﬂ£2e anti-conformation favored in solution probably ‘act
ot Ty e - : T

. B oo s .
s andlogs-of UMP while nucleotides with a favored syn corfiguration act

A

v

..:»éf én§}0éé bf“oMP.  The;latter should be strict COPpétitiv

\
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ability.of snch -t s torform a dead end complex with the central
~compl: -k ) would be displayed by curvature of the
il T - « . 7 trensition bétween svn end anti-

- ’ . ) e ira. .
o i 15 ior © - ..:luotides may enable the inhibitor to act
o .

18« of both and U ? simultaneously, making kinetic inter-

“retal.so the o ion Jdifficult.

£ . . '
L . "+ .ensitivity to SH reagents shcwn by OMP
. ) i ! % ;. .
decarboxvlases froim 1 us sources may gpot be important kinetically.
g
Inactivation of 1 .- yeast enzyme is largely a result of conformational
,
changes resulting from -the sulfhydryl reagent reacting-with-two sulfhy-
- L .

A r—. . . ; . ., - . '
dryl groups that are both frzely accessible to thejsolvent zand in close

proximity to the active site. The absence of protection by orotidine

‘at a concentration of 6.4 mM, eight times the concentration that gave

v
N

1507 inhibitioﬁ,.further,substaﬁtiatés the. conclusion that the sulfhydryl.

. : v S ' o
groups are not at the active sitegwm This indicates that caution must be

\.

I3

used in determining the effects of spec%ﬁ&c modifying égents on catalytic

éctiVity. Destruction of enzvmatic activity by such reagents is not con-

clusive proof of the presence of a given amino acid grodp‘at the active
or catalytic site of the enzyme% Loss of activity may well be a. conse-

© quence of configurational changgs with}n the protein at the acti§e7or

Cataiytic site due‘to ligand bindiﬁg of modifiéatian at a site'distinct
from the active site. An independent mears .- indiﬁating the :involve-
ment of an amino acid group in.é éétalytic rc .e on the enzyﬁe should be

used. . C N

This study has provided some insight into the mode of action of.

OMP decarboxylasé from yeast even though the pfoperties of the enéymib

73"
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reaction obviate a complete dcéailcd inecic study of the reaction

in both directions. s
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