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SUMMARY

HE!!), \INCENT ij:., ANI) litIEI)KIN, Niolutls: Thymidylate synthetase in mouse erythro-
(�‘t(’5 infected \vitll Plasinodiuni bei-gliei. il/al. Pimarmacol. 9, 74-80 (1973).

rfI).�,mid�,j1t (� sviitliet ase in fl1 )Use eryt hroevt �‘s i nfected wit h Plasm odium berghei increases

markedly during cellular parasitization. The malaria enzyme has been compared with
enzymes from mn)rmal nlouse reticulocvtes and Escimerichia coli by kinetic and physical

means. When folic acid! analogues were used as (‘ofactors, distinct kinetic differences were
apparent wile!! thynudylate synthetases from P. berg/iei arid E. coli were compared. How-

ever, 110 significant kinetic dissimilarities were revealed in a comparison of enzymes from

P. berg/mci and the host mouse reticulocytes. Upon gel filtration tile P. berg/mci thymidylate

synthetase (‘xhil)its art apparent molecular weight in excess of 100,000 whereas the normal

mouse reticuloeyte enzyme shows an apparent molecular weight of GS,000, similar to the

enzyme from E. eoli.

INTROI)UCTION

rfhe emergence of drug-resistant strains of

Plasniodiuni falciparum in South America,

Southeast Asia, and other trol)ical areas is an

unpleasant reminder that malaria is still a

w-orldwide problem. Increasing reports of
drug-refractory malaria have spurred efforts

to develop I1C’*V Itntinlal�lrir1ls effective
against chloro luine-resistallt parasites.

As part of a study aimed at elucidating

the role of folic acid in inalaria (1), a folate-

re(�uiring enzyme, thyrnidylate synthetase,

\viIs investigate(l in mouse erythrocytes

parasitized ��-it h Piasnmo(linnm berghei.
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Thymidylate syntlietase catalyzes the fol-

lowing reaction:

1)eoxyuridine ;)‘-pilosphate

+ N� , N’#{176}-methylenetetrahydro-
Mg�

folate - deoxythyntidine

�)‘-phospi1ate + dihydrofolate

Our rationale has been that specific infor-

ination about this key enzyme in nucleic

acid metabolism could lead to the design

of more effective antimalarials. This paper

describes various kinetic and physical prop-

erties of thymidylate synthetase characteris-
tic Of mouse malaria.

M ETHOI)S

1. Preparation of Extracts frani Parasitized

Erijthrocytes

The strain of P. berg/mci (NK658) used for

this study was kindly supplied by Drs. H.

Most and M. Yoeli of New- York University,

Bellevue Medical Center, New York. The
strain was carried primarily in DBA/2J



P. BER UHEI THYMIDYLATE SYNTHETASE 75

male mice obtained from Jackson Labora-
tories, Bar Harbor, ?�Iaine. During interim

periods when infected blood was not re-

quired, P. berghei was carried in male Syrian

hamsters also supplied by Jackson Lahora-
tories. DBA/2J mice received an injection of
blood containing 2 X 10� infected red blood

cells. In approximately 5-7 days the mice
were bled by cardiac puncture. At term,
25-45 % of the red cells were infected. Ether

anesthesia was used to facilitate intracardial

sampling of blood.
After collection of i)lood, the erythrocytes

were centrifuged, \vaslled twice by restis-

pension in 0.15 M KC1 for removttl of plasma,

and then lvsed in buffer C. The lysate was
poured into a French pressure cell, and
10,000-13,000 psi were applied, after which

it was centrifuged for 10 mm to remove red

cell ghosts. The supernatant fluid was used
as the source of crude enzyme. All steps were

carried out at 0-4#{176}.

2. Assay of Thyinidylate �S’ynt/ietase

The method for determiuiing tilymidylate

synthetase activity was a modification of
procedures described by Smith-Lomax and

Greenberg (2) and Rol)erts (3). The assay
depends on the labilization of tritium at-

tached to carbon 5 of deoxvuridine 5’-phos-

phate.
Tile conipollents of the thyniidylate syn-

thetase assay system consist cdl of [3Hjdeoxy-

uridylate, 0. 1 ni�i (4.2 X 10� dpm/�anole);

dl-tetrahydrofolat e, 1 . 6 m�i ; formaldehyde,

3.0 ni�I; MgCl2, 7.8 m�r; and Tris buffer,

PH 7.4, 0.23 �i. The total volume, including

the ellzyme, was 116 �l. After 30 mm of

incubation at 37#{176},0.5 ml of 0.8 mu dUMP

and 0. 3 ml of charcoal suspension (200
mg/ml) in S % trichloracetic acid were
added. The mixture was then centrifuged,

and to a 700-1.d sample of the superriatarit

fluid were added a further 0.4 �mole of

dUMP and 0.5 ml of the charcoal Suspen-
sion. The suspension was centrifuged, and 1

nil of supernatant fluid was taken for assay

of radioactivity by addition to 15 ml of

DAM 611 liquid scintillation fluid (4).
Pn r�f1catinn of [5-311]deoxyn 1’i(l inc 5’ -m aimo-

phosphate. Radiochemical destruction of 3H -

labeled dUMP leads to increasing blanks in

the assay. A simple procedure involving ap-

plication of 3H-laheled dUMP to a small

column of DEAE-cellulose, followed by

washing with 1 m�i NH4HCO2, elution of

the radioactive nucleotide with 250 mu

NH4HCO3, and removal of XH,HCO3 l�y

evaporation under vacuum (water added
several times), yields material w-ith low

blanks.3

3. Catalytic Hydrogenation of I1’olate ztiia-

lognes

Analogues of folic acid were reduced as

follows. Approximately 10 mg of platinum
oxide � suspended in 1 . 5 ml of potassium

phosphate buffer, pH 7. 1 , arid hydrogenated.
This reduction took about 15-20 mm. Then
approximately 2 rug of N-pteroyl-DL-a-

aminopimelic acid , N#{176}-pteroyl-N - (tert-hu-

tvloxvcarbonvl)-L( + )-lysine, or N”-pteroyl-

L(+)-lysillC (5) were added to the reaction

flask through a serum cap after I)eing dis-

solved iii 0.3 ml of water with the addition

of 1 NaOH. Aliquots of tile mixture were

removed 1)eri�(Ii(ally f( )r sPectrophot ometric

assay in order to follow the progress of the

reducti )fl . After reduction ��as complete,

enough niercaptoethanol was added to make

the final concentration I �i

4. Preparation of Extracts of J?eticulocytes

A 2. 5 % l)henYlhy’drtlZilie hydrochloride

solution was prepared afl(l neutralized with
sodium hVdroxidle. �fh solution was stored
at 15#{176}in the presence of 1 m�r reduced

glutathione (6) . To pro(luce reti(ulocytosis,
0. 1 ml of tite �)hel1�lhydraziIie solutioii was

mi ected mt raperit oneally into mice daily for
4 (lays. No injections ��ere given on the fifth

day, t() allow- the j)henylhydrazille to be

met �ti)( )liz(�(1 . 1111 blo( )d withdrawn from t lie

Iflice 1)\’ cardiac j)uncture � �vashed twice

WitlI 0. 1 s M EC1 alId stored frozen. Au e�-

tract was prepared from these cells by SOS-

pension in buffer C and passage through the

irench pressure cell as described above.

5. BufJem.s

Buffer & � 50 m�i Tris-Cl (pH 8.4)-b
mM rnercaptoet halli )l-1 mM ethylenedia-

nnnetetraacetate; buffer B, sante as buffer A

but adjusted to pH 7.4 instead of S.4;

buffer C, same as buffer A except that tile

� L. Vaiide\Teiiter and NI. Friedkin, unpublished

method.
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concentration of Tris-CI was 5 nt�r instead
of 50 in�r.

RESULTS

Infection of 1J()!3.Se Eryt/i iocyte.s by P. berghei
(NK658)

The differerltial infection of ntou�e eryth-

rocvtes and ROt reticulocytes by tiu’ strain of

P. bei’ghei (Nl’�65S) used in our study made

i)(I)Ssii)le a comparison of thyntidylate syll-

thetases from J)#{149}berg/mci and froni mouse

reticulocyt (‘5.

Infect (‘(I ali(l 111 )llillfect ed nlat nrc ( ‘rythro-

eytes as well as infected and rioninfected

reticulocytes could be distinguished easily

by use of the following stainillg procedure.

A small amount of infected blood was

nlixed with an equal VOlklflle of new ntethyl-

CIte blue and allowed to react for 3 mill

(usually lIi a micropipette to reduce evapo-

ration). Then a thin blood �m�’ar was made.
\Vright’s stain was applied for 2.5 niin,

followed by rinsing w-itll w-ater and counter-
staining with Giemsa. After 25 miii the

slide was rinsed with water and air-dried.

\Vith t his technique reticulocytes, infected

retieulocytes, �titd infect ed mat nrc erythro-

C3Tt Cs Could be distinguished. Erythrocytcs
were stained a huff color and reticulocytes
exhibited 1)llie-stttiIied granules superim-

posed on tile l)uff background. lllfected re-

t iculocyt es wer( � easi ly dist i nguisiiable by

tile presence of the stained plasnlotliurn in a

retieuloeyte. P. berg/mci is characterized by a

i)lUe cytoplasm witit i’ed nuclei. The cyto-

plasm of the j)arasite was uniformly dense.

An infected Inature erythrorvte was dis-

trngrushable by exhibiting the stained plas-

modium on a huff background without
granules.

Nine 1)BA/2.J male mire received all

injectioll of the P. berg/mci (NKG5S) strain,

and a similar group of animals were treated

a strain of P. berg/mci known to infect reticu-

locytes (kindly provided by T)r. King, ITT

Hesearcil I iist it ute, Chicago). Blood smears

from botil groups of infected animals were

prepared as described above during the
first 7 days of infection.

Examination of the slides indicated that
1-’. berg/mci strain XKGSS was a mature
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FIG . 1 . �Separation of th ymni(lylate synthelase from

hemoglobin on 1)EA E-cellulose coluinmis

See the text for details of the procedure. The

solid lin#{236}erepresents elution of protein, measured
by absorbance at 280 am. The dashed line indicates

thymidylate syra hetase activity.

erythrocyte infection as carried in I)BA/2J
male mice. No reticulorytosis was produced
(luring the course of the infectioli. In con-

trast, the strain of J)#{149}berg/mci obtained from
Dr. King was SI1OWIi to infect reticulocytes.

I)uring the course of illfectioll 1)\� the King

strain no infected ervthrocvtes could he
(let ect ed.

�Sepaiat ion of T/mymidylate mSynt/m (‘tase from
hemoglobin by DEAE-celluiose Clironia-

tography

DEAT’-cellulose colunms wcr�’ prepared in

two sizes, 1.0 X 10 cm for 100 mg of protein

and 3.0 X 10 cm for 500 mg of protein. Each

column was equilibrated with buffer A, and

then an enzyme extract of parasitized eryth-

rocytes (see METHODS) was applied, followed

by washing with buffer B. At this point

hemoglobin was eluted from the colunrn and

the enzyme remained boulld to tile DEAE-
cellulose. Thymidylat e synthetase was eluted

with 0.4 u (NH1)2S04 ill buffer B. A typical

elution pattern is shown in Fig. 1. With the
removal of hemoglobin there ��-as a 30-fold
purifiratioii of thymidviate synthetase.
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Increase of Thyniidylate S’yntheta.se Activity

during P. berghei Infection of Erythrocytes

Preparations of whole blood from infected

and noninfected DBA/2J mice were diluted
so that all samples contained 2.6 X 1O�
erythrocytes. Cells were lysed with buffer C.

After centrifugation the supernatant fluid,
containing 60 mg of protein, was subjected

to chromatography on a DEAE-cellulose
column (1 x 10 cm) for removal of hemo-
globin (see previous section) ; 1.1-mi frac-
tions were collected and samples were taken
for determination of thymidylate synthetase

activity.

After removal of hemoglobin by chroma-
tography on DEAE-cellulose the thymi-
dylate synthetase activity in extracts of

erythrocytes was proportional to the time

of incubation and the amount of extract
used (Fig. 2). This validation of the assay

procedure allowed us to estimate changes of

thymidylate synthetase activity during the

course of parasitemia. As shown in Fig. 2,

the enzyme activity in erythrocytes in-
creased approximately 7-fold during the
infection with P. berghei.

The source of thymidylate synthetase in

blood samples from noninfected mice ��‘as

then investigated. Red cells were separated
from white cells by the following procedure.
Red and white cells were counted in samples
of whole blood from normal uninfected mice.
Rouleaux formation was induced by the

addition of 1 volume of fihrinogen, 2.7 � in

0.15 M Ih.Cl, to 2 volumes of wilole blood.
The erythrocytcs W(�rc allowed to settle

and the supernatant fluid was removed.
The eryt.hrocytes were diluted to the original
volume, and a fraction of blood equivalent

to 2 X 10� erythrocytes ��-as taken. Fibrino-

gen in KC1 was added to induce rouleaux

formation, and the procedure was repeated
tllree times. After the final sedimentation of

red cells, the blood was centrifuged and the

huffy coat was removed.

Despite tue fact that over 73 � of tile

white blood cells were removed 1w this

method of differential centrifugation, the
amount of tilymidylate synthetase per red

cell remained constailt. We conclude that

the basal level of thymidylate activity in

mouse blood samples is due to the intrinsic

activity of normal mouse erythrocytes. Al-

though very low, this activity was a constant

finding in all preparations of Iloninfected

mouse I)lOOd samples tested.

Miscellaneous Findings

The labilization of tritium from [3H}dUMP

was completely dependent on the presence

of tetrahydrofolate and active enzyme. The

pH optimum was found to be quite broad,

pH 7.0-8.8, in Tris-Cl buffer. The enzyme

activity in whole blood extracts was rapidly

inactivated by heating at 55#{176}for 2 miii.
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I�luo1’ )(le( xyuridylat ( � at a N)1!(ent ration of

0.1 ;.i:�I produced 50 (,; inhibition.

Localization of 1’/myin idylate Synt/m etase

Al 1 extrtict 5 of l)arasitize(l erythrocyt ( ‘s

were prepared from lysed cells followed by

passage through tile Irencli l)ressure cell

(see METHOI)S), a procedure w-hich disrupted

the parasites. However, the pressure treat -
ment \Vt15 riot necessary for i’(’lease of thy-
niidylate synthetase; gentle lysis of parti-

sitized ervthrocytes lit i)uffer C sufficed to

release 55 � of tile enzyme in a soluble forni.

WvilCll parasites were first separated front

lysates i)y centrifugation and then disruj)ted
in the Freilcil l)�(�55t1F(� (eli, less than 10 %
of the thvnli(lylate svnthetase activity (if the

original lysates was present. The enz\-nlatic
activity in the supernatant fluid from (eli-

trifuged l)arasit(’s ��as not dilninished 1�- the

pressure tt-ll 1 reatnient, indicating that this

procedllr(’ (li(l not (lenature the (‘nzyllte. \Ve
are forced to th(� conclusion that the plas-

lilodiufli thyniidvlate syilthet rise is probably

release(l front the j)arasite (luring lysis of

the erythrocytes. A nlu(li less lil�-ly, but

not excluded, possibility is that the enzyme

� (liffitse titrougit tue j)lasntodiunl cell

lnenll)rane (luring infection of the erythro-

cvte.

(]onmparisoim 0/ 7’/iymmm i(iylat(’ �“��jiit/i�ta.se.s �/roiim

Parasitize(i Li’!Jt/l roc!Jte.S (i/md �Vouinai .1[(Juse

Ret icUlOCfJt(N

I%inetie .StIL(li(R wit/i analo(Jues of tetra/, i�-

(l1’OfOliC acid. iIivlintlvlii t e svrltllet rises from

P. /W1’g/mei-ilifecte(l eryt lirorvtes afl(l fr mni
host reti(ulocyt (‘S \\er( exalnine(l for possi-

1 le (lifferenres iii kiriet ir pr )p(’rties i)\ using

a Va net y of t ( t rllliy(ll’( fl )la t e aiial )gues as

cofactors. iiiis lll(til()(l is t very UsefUl tuid

\Vell-kIH)\Vl! llleILflS of revealing Sl)e(�ie5 dif-

fel’e11es. I( )l� (XaliiI)Ie, th(! j)Itttert! of ac�

I iViti(’s �vitii VariOUS (OftI(’tOr analogues is

strikingly dissinlilar when thyniidylate syil-

tht’t�tst�s from E.sc/,erie/, ia eu/i :tiicl fll(fllSe

retirulocytes are (IllpILle(l (TI�able 1).
rI�Idlt (� svtithm’t ItS(’5 fr )1i1 l)alasitized

ei’vt hr()cyt(’s t1lt(l fronl ret icult mcvtes yielded

a iiiol�e sinlilar pattern however, sonic dif-
ferences were apparent when tetrahv(lro-

honlofolate an(1 tetralivdropterovl (tert-bu-

tvloxvcarhonyl)lysine \V(’l’( iist’d as rofartors.

T�nLF: 1

‘Jim ymni(lylcI It .�ynt/metase act ivitics wit/i curio us

tetrahydrofolate analogues

Tet rahv(lr(Ifolate analogues were prepared as

described under METHODS, section 3, and in each

case were used in place of tetrahydropteroyl-

glutamate in the incubation mixture (M1:TH0Ds,

section 3). P. berg/mci and reticulocyte enzymes
��-ere frac t i otis obt aitied by 1)EAE -cellulose chro-

matography of lysed cells by the method described

in Fig. 1. The thymidylate synthetase of E. coli

wis prepared by a mnodificat ion of previously de-

scrihed procedures (7).

Cofactor R elative rates

E. coil Retic-
ulocytes

Parasi-
tized

erythro..
cytes

114-l)t erovl -i�(4- ) -glut a-

mate I0() 1()0 lot)

4-PteroYl -DI-cr-anlimio-

pimitelate 133 2t3 21

114-pterovl-]’m’-L(+)-lv-

SIUC 40 11 11
114-pteroyl-.\ ‘- (icrl-bmn-

tvloxvcarh�miyl)-JV-

i(+)-lvsime 5() 124 91
I! 4-hlOnloi)terovl-L(-f )-

glutamate 0 13 3

It is interesting in r(gard to the low but
significant art ivity of tet rahydrohomofolate

wit ii r� ti(ltl( )(\‘t(� #{128}flZVlit(’I iiat this analogue

(Illi It(t as a (ofaetor of thynlidvlate svn-

thtase in �‘-mtm(ptoeoccmLs j(leeilliii and Lacto-

bwillu.s ca.sei (5) hut is a l)owerful inhibitor

(1)f tl!( enizyitie front h’. co/i (5).

G(�l filti(1tWiI o�j i/iyiii i(iylate syimlimetases

f 10111 j)arasit ized (I’yt/l r0C!jtC.S a 11(1 tI it injected

1(’t U’ U locyte.s. �Fl iyniklylat ( syrit bet ase Ironi

l�-sed (rVthr )(\t(5 l)arasit ized by P. berg/mci

al)l)eared at the \‘(O(l volttmiii klj)Oll filtration

through Seiliadex ( -100, whereas the en-

ZVIIt( ill uninfected retirul()(ytes �vas tIe-

t((t(�(l j rist 1)(fOl( the m-lutn mi of iieniogl )bin

(I’ig. 3). The reticulocyt( (nzylne showed
tiit sIIlll( (lUtiOl! pattermi ItS bovine serum

alhuniin 011(1 h mu thyrnidylate svnth(’t ase,

�vitl m a ti ilI)I)it r( ri t lil( )l(( tila f� ��eiglit of (iS ,000

(7).
In order to rule out the p()ssibility that

the P. bei-g/mci (nizymi- formed a high niolecu-

liii’ �veight ((mifll)l(X \Vit ii (1111(1’ l)l’oteillS, thi(’
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thymidylate sviit het asm s fronl infected eryth-

rucvt #{128}5li 11(1 normal ret iC lil( )Cyt 05 IVen� mixtd

and then subjected to gel filtration. As sliowni

ill tile bottom panel of Fig. 3, (WI) distinct

Pemiks of enzyme act ivity were seen, one
appearing at the void volume and the other
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FIG. 3. Gel filtration of thymnidylate synlheta.scs

from P. berghci-infected erylhrocytes and from

reticulocyles

Lysates (see METHODS, sections 1 and 4) of in-

fected erythrocytes (200 mg of protein) and/or of

noninfected reticulocytes (138 mg of protein) were
layered onto a column of Sephadex G-100 (2.2 X

64.5 emIl) that had been equilibrated with buffer A,
and then eluted with buffer A. Fractions 1-15 con-

tamed 4.5 ml, and each succeeding fraction, 2 ml.

Top, extract of enzyme from infected cells; center,

extract of reticulocytes; bottom combined ex-

tracts from infected cells and from reticulocytes.

peak.
These fitidirigs support the view that

thymidylate synthetase in l)arasit ize(l eryth-

rocvtes is (listillctlV different from nornmal

host enzyn�e obtained fronl ret icul( )cytes.
Although the exact niolecular \v(iglit of the

plasmodiunt enzyme was not determined in

this study, it nmust be 100,0(X) or greater in

view of its exclusion from Sephadex (‘m-lOO.

I)ISCUSSION

Pyrilfli(lilie Sylltllesis in l)arItsit (5 hi�os been

itt! obvious target for (1i(fllOth(’rapelltiC

attack, gemierating a large nunli)er of bio-

(�il(�flli(aI st tidies. The remit r:ol role m)f f mlir

acid iii ittirleir atiti lnetabolisnl and the

knowni �irt ion of the stil fonri mnicics amid ant i -

i4)lmltes, such as PYrini(tiianlim!e aiitl chlor()-
guani(le (9) , have pr )n11)t(d invest igations of

folic IfletItbOlislli in Plasmoclia l)v �Frager ill

19(;1 (10), by l(D)mle amid Hitrilimigs in 1966
( 1 1 ), :111(1 hV Pint zer in a very r((�enit �vork

(12).

( )f special i nit (0 st I ( ) 115 1i�ts 1)((fl t lie

emlZVfltiIt ic svmit liesis ()f t hvnlidvlate de imoi’o

from (leoxvuri(lylat ( via a t(�t rahvdrofolate-

dependent 1-carbon transfer reaction. Thy-
niitlylttte sVIlthietaSe has i)een detected in a

nunil)er of l)rOtozO1l-----in tile avian malaria

J)arasite Pla�smnodiunt lop/i itiae ( 1 3) , in Plas-
1110(1 lUll! chaba mid i, Trypanosonia gamnl)iens-e,

and Trypanosoina leicisi (14), amid now, as
reported imi this i�rtper, ill l�las,,,odiunr

berg/mci.
In the l)resent stittly we have siaa�mi that

upon infectioli of lflOU5� erythroeytes by

P. berg/mci it mark’d increase of thymidylate

sy nthetase occurs iii the red cell, a result

very similar to what happens when nucleated
avian crythrocytes become infected with

P. lop/murac (13). In view of the fact that tue

salvage patilway for utilization of thymidine

is apparently inoperative in P. berg/mci (15),

we (�oIlN1r with Walsh anti Sherman (13)

that the synthesis of thymidylate is probably

the point in the pathway of nucleic aci(l
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syntilesis most sensitive t() the actioii of

folate analogues. There is strong evidence

that folate-dependent purine synthesis de
l1OV() iS not required by the l)arasite, since

endogenous host purines can be utilized

(13, 15).

Our interest in comparing the plasmodial
and host thymidylate synthetases was
aroused 1)y the strikingly selective action of

pyrimetilamine on plasmodial and erythro-

cyte dihydrofolate reductases. As shown by
Ferone, Burchall, and Hitchings (16), pyri-
methamine is 50 % inhibitory at 0.5 nrsi with

the plasmodial enzyme, compared to the
much iligher value of 1 �z�i required to affect

the host dihydrofolate reductase.
Although our kinetic data with tetra-

hydrofolate analogues did miot reveal sharp

differences between the plasmodial and host

thymidylate syntiletases (Table 1), the

finding of a much higher molecular weight for

the P. berg/mci enzyme, 100,000 or greater,

compared to a molecular weight of approxi-

mately 68,000 for the host enzyme (Fig. 3),

convinced us that tile two enzymes are in-

deed dissimilar.

During the early stages of our investiga-
tiOli the similarity of activities with the
tetrahydrofolate analogues suggested that
tile plasmodial infection might result in the

production of more /most thymidylate syn-
thetase. Another possibility was tilat para-

sitized erythrocyte preparations also ron-

tamed reticulocytes, kllown to i)e a source of

thymidylate synthetase. We believe this to

be highly unlikely, since during the period
of infectiomi in winch blood was sampled

there was 110 increase in reticulocytes.

The exclusion of plasmodial enzyme on

Sephadex G-100, iii contrast to the retarda-
tion of the reticulocyte (flzyme (Fig. 3),
strongly suggests that P. berg/mci thvmidylate

synthetase is indeed a proteill �vitii different

properties from those of the host enzyme.
It is It curious roiiicidence that P. berg/met

dihydn folate reduct ase also has a very high
niolecular weight, HX�,0OO (16), in contrast

to a host (rVth!rorVtc enzyme molecular

�veigiit of 20,000. Thase unusually high

molecular weights of two plasmodial en-

zvmes that are so closely linked in function,

dihydrofolate reductase and thymidylate

synthetase, may 1)0 a reflection of unknown
regulatory mechanisms unique for plas-

modia.

Iii any event, our finding of a major

physical difference between plasmodial and
host thymidylate synthetase holds out the

possibility that specific antimalarials can be
designed that will cut off j)lasmodial thy-

midylate synthesis without Ilarm to the host.

Certainly the experience with dihydrofolate
reduetases from different species (17) serves

as a promising model for screening com-

pounds that may act as specific inhibitors of

the protozoal thymidylate synthetase.
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