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inhibition caused by ammonium sulphate concentrations in the.* range 25- 

150|JM appears to bo duo to the sulphate moiety, sinco sodium sulphate 

produced a similar effect whereas inhibition by sodium chloride was 

very low.

The finding of inhibition due to ammonium .sulphate? would account 

for the very low Tdr kinase activity noted during initi, d. purification 

studies when ammonium sulphate fractionation techniques were used to 

isolate Tdr kinase, on the basis that a 100'-. saturated (70g/10Uml) 

solution of ammonium sulphate has a concentration equivalent to 5.3M, it 

can be calculated that a protein solution which is 20;• saturated with 

amrsonium sulphate would have an ammonium sulpha1«* c jiicvntration of 1M. 

Assuming that, after centrifuging down the preeipitatxd protein, only 10'. 

Of the original atianoniuu sulphate concentration was present in the 

solution of redissolved protein, the data of Figure 23 show that an 

assay concentration of 5UuM anjiioniu::i sulphate could inhibit tho activity 

of all four of the Tdr kinase forms obt. lined from hunan normal liver or 

hepatoma tissues by atout 7s >.

Since axproximatel/ ouly . of tho total Tdr kinase activity 

could ho restored by aesalting tho enzyme preparat ion, a good proportion 

of the observed decrease in Tdr kinase activity probably represented 

permanent protein denaturation during ammonium nulphute fractionation. 

Kinetic Constant;: IV”- Thymidine*

Tho Michael is ce. nstunf s for thymidine wet e foun? to differ for 

the four Tdr kinase form'; in human normal liver and hepatoma. Tho con­

stants for the corresponding forms of Tdr kinase from these tissues were 

similar.



Thu Miehaul.ua constants for thymidine obtained in the presunttf

study, for tho Tdr kinase preparation.'.; from human liver arid hepatoma

tissues were of tho same order of magnitude an tha:iO repo* fed for other

mammalian Tdr kinases; 3.2uM foi. rat regenerating liver (Kizor and

Holman, 1974); 2.1uM ami .!. :.>tM i > s; • -<:t i w l y  for adult and foetal rat

liver (Klemperer and iLiynes, I'-.HV-O , OnM for human 1 aryngeal t:.-trr,inc.:;u

tissue (Gordon c-t Hi-., 1908); and 2,t> and i-i.*«ppcf;i. voly for the*

cytoplasmic and mitochondrial founs of the enzyme from human leukaemia

blast cells (Lee and Cheng, l'.'Vuc) .

It should be noted that, t.he literature K values were measuredm
at pH 7, E) to B.O whereas those in the present study were measuied at pH 

6.5, to minimise rossible eif< et;; due t.u ATPase contamination.

Due t o the y ' , '  ATlVu:;»; eoutaminat ion of moat of the human normal 

liver and hepat Tdr kinase prfparatioiiH, reliable K values for ATP 

could net be determined.

Phosphate I^noi rUjdies

The effuctivt n ' . o f  the nucleotide tripboBphat.es as phosphate 

donors decreased in the order:

ATP a.id CTP -• CTP and doTP and UTp > dA.TP and dCTP '■ dTTP.

CTP was equally a,; effective ts <\TP as a phosphate donor for the 

Tdr kinase forms from hoth human rnmal liver and hepatoma. These findings 

are in agiXHwnt with those reported for human adult liver Tdr kinase 

(Taylor et at. , 1072) and the miUujhondria) form of the enzyme from human 

leukaemia blast, cellr, (Let; and Cheng, 1 t/*.;•) . On the other hand^these 

findings differ from those obtained for the enzyme from human foetal livor,<wvJ 

HeLa and KB cell-linen (Taylor a l . , 1972) and calf thymus (Her and 

Momparler, 1971), where CTP was shown to be used to a lesser extent than
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The low activity fcmnd widi dCTP an a phosphate donor for tho Tdr 

kinase forms from human normal liver and hepatoma tifj.suc-K is in agreement 

with that for the, enzyme from human a.kilt and foetal liver (Taylor at al. , 

1972) and is similar to that for calf thymus Tdr kinase (Her and 

Momparler, 1971).

The finding that dATP wan less e f  ft ct i V e  than ATP as a phosphate 

donor for the Tdr kinases from human normal and canonours 1 iver differs 

from that for the tv.nyrae from human adult and foetal liver:; (Taylor et, 

a l . , 1972), ana that for tho cytoplat-rr.ic form of Tdr kinase from human 

leukaemic blast eel It. (Lee and Cheng, 107Cc) . For tiie mitochondrial 

form of Tdr kinase frcm human leukaemia blast cells, however, tho latter 

authors have shewn that dATP is Iuuh effective aa a phosphate donor than 

ATP.

The results for ATP and CTP, and dATP and dCTP suggest that tho 

presence of a deoxyribose c.oiety renders these nucleotides leorj effective 

as phosphate donors for the hui.i-.ui liver 'l\iv kinase preparations,

Tho low activit.iuii neu::ured using GTP, d(;TP, and UTP as phosphate 

donors for the human liver and lu.'patoau Tdr kinase forms are in agreement 

with those for the enzyme.; 1 ran human ldult and foetal liver tissues 

(Taylor et al. , 1972) and calf thypiur. Tdt kinase (Her and Momparler, 1971). 

The higher activities obtained with OTP, d'dTl* f and UTP for the normal and 

cancerous „iver Ttir kinase IB and H A  preparations sugaesf that these 

forms show a lower npeuifici ty for tin1 phosphate donor than do the Tdr 

kinase IA and IIB prep irat.ions.

dTTP did not serve an a phosphat v. donor for tin.' human liver or Tdr 

kinaue form:.;, a finding which 1m in agreement with thane for Tdr kinases 

from human adult and fnet.al liver (Taylor cl a l . , 1972) , calf thymus (Her 

and Momparler, 1971), and the en:',yme forms induct'd in IleLa TK cella by
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Herpes simplex viruses; Type’s I ami II (Cheng, 1976) .

In general the results of the phosphate donor studios using the 

human normal liver and hepatoma Tdr kinase preparations showed close 

agreement with those reported l'or the onsymo from human adult liver by 

Taylor et- al. (1972) . With respect to the* phosphate donors studied, 

differences found for the cor responding Tdr kinase forms i'rotu human 

normal liver and hepatoma v;cre small and an-.* probably not significant.

Nucleotide inliili tot s’t u d.i-es

ThQ phosphory lat.iun of Tdt by ATP u;:in<j Tdr kinase preparations 

from human normal liver and hepatoma showed little or no inhibition due to 

CTP, dUMP, uG'tT or UTP. On the other hand, phosphorylation by those Tdr 

kinases was inhibited when dTMP« uTL-P, dTTP, dATP or dCTP were* included 

in the assay mixture. The nucleotides tested produced similar levels of 

inhibition of th** Tdr kiiuse forms from both human normal liver and 

hepatoma tissues.

The inhibition for huu-:m 1 iver and hepatoma Tdr kinases by dCTP 

and dATP is similar to that for the mitochondrial form of the enzyme from 

human leukaei.ao ulast tells ( I . e e  and Cheng, 1970c) . On the other hand 

these authors have reported that the cytoplasmic form of the eiw.yme from 

human leukaemic blast cells is not. inhibited by these nucleotides. The 

finding of inhibition by dCTP for the human normal and cancerous, liver 

Tdr kinases it; in agreement, with the finding of inhibition by dCTP for 

human adult liver enzyme preparations. (Taylor c l  at . , 1972) , but differs 

from the absence of inhibi t.ion by dC’TP found for Tdr kinases from human 

foetal liver, and Ileba or Yh cell-1 in'>s (Taylor f:t at . , 1972), HeLa 

calls (Kit and Leung, 1974), and rat t egeneratitig liver (Hresnick c l  at . ,  

1970). The finding of inhibition by dATP for human liver and hepatoma 

Tdr kinases differs from that oi Taylor et- al. (1972), who report no
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inhibition due to this; nucleotides for. the human adult and foetal liver 

preparations. It may be argued that dCTP and dATP compete with ATP 

fcr the phosphate donor subst rate-binding site, leading to decreased 

activity.

The finding of inhibition by dTMP, dTDP, and dTTP for human liver 

and hepatoma Tdr kinases it: in agtcement v;i.th those for Tdr kinase 

prcparatioiui from human adult, and foetal liver, and human cancerous cell- 

lines (Taylor et -al., 1972) , and calf thymus (Her and Momparler, 1971).

It has boon ;;uagested tint the Tdr kinases from human mammary, 

laryngeal, lung, and kidney t union rs are less susceptible to inhibition 

by dTDP and dTTP than the en.'.ymo forms from the curresponding normal 

tissues (Gordon f t  .ti. , 196b). In the present study the inhibitory 

effects of these nucleotides on the human liver and hepatoma Tdr kinase 

preparations appeared to be similar. This is in agreement with the 

finding tint inhibition by dTTP for Tdr kinase from human normal adrenal 

glands is iimilar to that from adrenocortical carcinomas (Nawata et  a l ., 

1976). The nature* of the inhibition produced by the thymidine nucleo­

tides is probably complex since, apart from possible effects on the 

phosphate donor binding site, dTDP and dTTP can also at t as feedback 

inhibitors of Tdr kinase (Hroitman, 190.* J Ives et a l . , 1903). 

Inhibition by dTTP has been sh<>wn to be competitive with respect to 

thymidine for the enzyme front rat regenerating liver (P.reitman, 19Co) .

Inhibition by dUMi' was tested to determine whether it could block 

the Tdr kinase salvage pathway, as it. nerves as. the substrate for dTMP 

production in the Jr ho;1 c pathway of dTMP synthesis. The results obtained 

suggest that, for human liver and hepatoma Tdr kinase preparations, feed­

back inhibition due to this nucleotide does not. occur.
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The finding that UTP produced littlo or no inhibition of the 

human liver and hepatoma Tdr kinane forms if? similar to tho findings for 

tho mitochondrial and oytapl.u'smi c forms of Tdr kinase from human lui’kao- 

mic blast culls (Lee and Cheng, 1‘JVlic) f and the mizymo from mouse ascites 

sarcoma (Cheng and Prusoff, 1')?•!).

The finding of the absence uf inhibition by CfP for human normaL 

and cancc-roua liver Tdr kinuses in in agreement With tho findings in this 

study (Talkie 20) that- C’Tl5 iu an efficient a phosphate donor au ATP. CTP 

has however been reported to produce flight inhibition c«f Tdr kinases 

fron human aJuJt and fuetal liver (Taylor v i  al. , 1972), and human leukaeniic 

blast cel Its (Lee and Cheng, l'j?0c) .

The finding c-i low or absient inhibition by dGTP for human liver and 

hepatoma Tdr kinases ir> in agri er.t nt with the finding for the enzyme from 

human adult liver (Taylor e* . il . , 1 j?.!) , but differs from tho findings 

of these authors; for the enzyme iron* human footaJ liver, and Tdr kinases 

from the mitochondrial and cytoplasmic fractions of huiaan leukaemia blast 

cells (Lee and Cheng, Vfhjc) .

Thymi dint; Analosn- ̂ t n d les

Thymidine analogue ivtudies; ur.ing a crude preparation from human 

normal liver, v.’hiolj contained all four Tdr kinase fonus, sugy^utod that, 

relative to thyjriidinei deoxy uridine, 5-f luoro-duoxyuridiric, and dccxy- 

cytidi.no were effective phosphate acceptors-:; cytidine, 5-iodo-deoxy- 

uridine, and 5"bronriMe'.xyuridine v.'ero effective phosphate acceptors;

and thymine, uracil, uridine, and rj~fluoro-m idine showed little or no 

ability to act au phosphate aoueploi:u.

Tho finding!; for deoxyuridine (Ulr) and the S-dialo-derivativei; of 

Udr (5-F-iWr, 5-Hr-tJdr arid rj~I-Udt.) are similar to those for Tdr kinanos 

from rat hepatoma:; and sarcomas (in -snick and Thompson, 1965) and calf
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The finding that UTP produced little or no inhibition of the 

human liver and hepatoma Tdr kina.se forint; is similar to tho findings for 

the mitochondrial and cytoplasmic farms of Tdr kinase from human luukao- 

mic blast colls (Lee and Cheng, 1‘JVlic), and the enzyme from mouae ascites 

sarcoma (Cheng and Prusoff, 1974) .

The finding of the absence of inhibition by CTP for human normal 

and cancerous liver Tdr kinaauti is in agreement', with tho findings; in this 

study (Table 20) that ViV its a::, efficient a phosphate donor as ATP. CTP 

has however been reported to pro luce slight inhibition of Tdr kinases 

from human adult and foetal liver il’aylor ci a l . , 1972), and human leukaemia 

blast colls (Let1 and Cheng, 1970c) .

Hie finding of low or absent, inhibition by dGTP for human liver and 

hepatoma Td:, kinases is in agreement. with the finding for the en»ymo from 

human adult liver (Taylor ... t al. , \-j72) , but differs from tho findings 

of these authors for the enzyme from human foetal, lix’er, and Tdr kinases 

from the mitochondrial and cytoplasmic fractions of human leukaoroic blast 

colls (Lee and Cheng, 107tc)»

Thymidine Anal'>;n>; f fur lies

Thymidine analog1-;" studies using a crude preparation from human 

normal liver, vhich contains .1 all four Tdr kinase forms, suggested that, 

relative to thymidine: deoxyvu idine, D-i!luoru-duoxyuridine, and deoxy- 

cytidine were effective phonph.ite acceptors; cytidine, 5-iodo~dcoxy~ 

uridine, arid 5-bromo~dt.-oxyur idi ne wore loss effective phosphate acceptors; 

and thymine, uracil, uridine1, rind li-t luoro-uridine showed little or no 

ability tn act as phosphate acceptors.

Tho findings fur deoxyurid• .■ (UJr) and the 5-halo-derivatives of 

Udr (5-F-Udr, 5-Br-tJdr and f>-I-Udr ire similar to those for Tdr kinases? 

from rat hepatomas and sarcomas (Bresn, and Thompson, 1905) and calf
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thymus (Her and Momparler, 1971). The finding that dooxycyti.di.no and

to a leaser extent eytidine served as phosphates acceptors, differs from

the finditig>? for Tdr kinaso from ‘'on hi da sarcomas (Hashimoto e l  at . ,

321972). Because of the non-tipeci f icity of tho P-ATP a::,nay used in 

these studies, the possibility cannot be excluded that the effect,, 

observed with deoxycyt idine and cytiainu may have been due to the presence 

of contaminating erniytnes such as uridirie-cylidino kinase or deoxycytidine 

kinase. Howevwr, uridinc.— cyt id ine kinase from Ehrlich ancites tumour 

cells has been shewn to bo specific for uridine or eytidino (SkCld,

I960); and calf thymus deoxycyt idint; kin:u:e is specific for deoxycyti­

dine (Durhasi and Iws, ll)7'U; Ives and Durham, l'J70) . Attempts to 

explain the results of tho present study a;;, being due to contamination 

by these eni;y;:.:-s would reguiro the presence of both these contaminating 

enzymes in the liver Tdr kinase preparation, in which cabe there would 

not be an explanation for the failure of uridine to be phosphorylated by 

a uridine-cytidine kinase.

The ability of the thymidine analogue:? to inhibit the phosphory­

lation of thynidine was tested using the lu.'.-t v highly purified Tdr kinaso 

preparations from husuan normal liver an.'i hepatoma. It was found that 

deoxycytidine', S-l-Udr, 5-Br-Udr, mid B~F-ndr inhibited the Tdr kinases 

from both huaan normal and cancerous liver, wlu.*n present at concentrations 

five-fold greater than those of the saturating Tdr levels. An exception 

wan found in the case of the hepatoma Tdr K 2A preparation, which was 

apparently activated in the presence of D-P-ndr. The baser, thymine and 

uracil inhibited the liver and hepatoma Tdr K IA forms, but produced 

little or no inhibition of the other Tdr kinase preparations. Cytidine, 

uridine, and Udr produced little or no inhibition of the human normal 

liver and hepatoma Tdr kinases.
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The poor inhibition by cytiding whoti compared with the marked 

inhibition produced by thu prnsonoe of dcoxyoytidina, suggests that the 

Tdr kinar.o enzyme forma show some specific,i ty for deoxyribonucleosidos, 

This is supported by tho finding that deoxycytidine, dooxyuridi ne, and 

5-fluoro-deoxyuridine wore more offuetive as substrate;!: than were 

cytidine, uridine, and 5- f 1 noro-urid ino.

Deoxyuridine did not inhibit thu phrnphorylation of Tdr by human

liver and hepatoma Tdr kinase prep..'‘.\iti cins althouyh the analogue studios

suggested that it was an effective phosphate acceptor. Gimilarly/it has

been shown that Udr does not affect Tdr phosphorylation catalysed by

mitochondrial or cytoplasmic Tdr k i m s e  forms from hunan leukaomic blast

cells (Lee arid Cheng, 137i'>c) . Lee and Cheng have demonstrated that the*

inhibition constant-j (i^'s) for Udr for these enzyme preparation are

two orders of magnitude greater than tho K 's for Tdr. This may explain

the failure of Udr to inhibit. Tdr kinase activity in the present studies.

\ On the other handy the ability of Ulr to act es a phosphate acceptor may

' have been due to the presence of a contaminating Udr kinase, in which
3i case, when using thu more specific* monitor m y  of the conversion of H-Tdr

3| to H-dTMP, no inhibitory effect on Tdr kinase would be expected.
i
\| Comparison of the inhibitory effects of the halo-Udr derivatives
jj shows that, in general, the L-bromo- and ri~jodo-derivatives producedJ
i
| greater inhibition than 5‘-F-Udj . Those findings are similar to those for

j Tdr kinaser, from human luukuen.io blast cells (Lee and Cheng, l’*'76c) .

| Tdr kinases from rat. care j nosai comas have also been shown to bo inhibited

| by 5-F-Udr, fi-Hr-Udr, and 5-T~Uur (Bresnick and Thompson, 1965). A

| possible explanation for the loss; marked inhibition due to 5-F-Udr is

! the finding by Lee and Cheng (l'f/bc) that the for 5-F-Udr, for the

| Tdr kinases from human leukaemia blast cells, in at least an order ofi i
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Tho pour inhibition by cytidine when compared with thu marked 

inhibition produced by thu presence of dcoxycytidine, suggests that the 

Tdr kinase enaymcj forms show some speci ficity for daoxyribonucloosides. 

This is supported by thu finding that deoxycytidino, deoxyuridirto, and 

5-fluoro-deoxyuridine wore more c?f ♦'ectivu at; substrates than wort' 

cytidine, uridine, and 5-t'lu«>ro~uridin*.-,

Dooxyuriuine did not inhibit the? phosphorylation of Tdr by human 

liver and hepatoma Tdr kina;.u* prej >,>rati« air:, n It hough the analogue: studios 

suggo&ted that, it was an effective phoophat*1 acceptor. Similarly^ it has 

been shown that tk'.r do.*;:; not affi ct Tdr phosphorylation catalysed by 

mitochondrial or cytoplasmic Tdr kinase f 01tut; from hutaati loukaomic blast 

cells (Lee and Cheng, lJ'Y-c*} . I.ee and Cheng have dcMonstrated that, tho 

inhibition constant..; iF. *3) for Udr for these enzyme preparation-. are

two order;-: of rcam.i tudo greater than the K 'a for Tdr. This may explaina in

the failure of Udr to inhibit Tdr kinase activity in the present studies.
i

< On the other hand^the ability of Udr to act as a phosphate acceptor may

have been duo to the presence of a contaminating Udr kinase, in which

• case, when using the moro- specif i„- monitoring of the conversion of ^II-Tdr
; 3| to H-dTKP, no inhibitory effect on Tdr kinase would be expected.1w
i Comparison of ti«e inhlbitory effects of the halo~Udr derivativesi
I shows that i in general, t.ltos !>“brom and l— iado-derivat' produced
i

i
i, greater inhibition than 5-i'MjJi . These findings are similar to those tor
I| Tdr kinase;; i rom human leukaemia blast cells (Lee and Cheng, liJVGe) .
1! Tdr kinases from rat caroi nos.it o,mas have; also been shown to be inhibited
J
| by 5-F-Udr, 5-Br-Udr, and 'j-l-Udx (Br»‘Mtick and Thompson, 1905) . A

| possible explanation f m  the loss marked inhibi tion due to 5'-F--Udr is

! the finding by Lee and Cheng (l'lVGe) that the for 5-F-Udr, for tho

| Tdr kinases from human loukaetaie blast cel Is, is at least an order of
Jf



magnitude greater than those for 5-Br-Udr and 5-i-udr. There in at 

this stage no explanation for the apparent activation by 5-F-Udr of 

the human hepatoma Tdr K IA preparation.

The present cjtudy iMujquuhi that, with the exception of the 

differential affect of S-F-Udr on the 'j'dr K 1A preparation.';, the inhi­

bitory effects due to Tdr analogue*;-, ou th" corresponding forma of the 

enzyme from human normal liver and hepatoma ti.'timers are not ;;ignj fi- 

cantly different.

Four forma of Tdr hinay*. w r y  purified froi;i both human normal 

liver and hop stoma. The coi tw.pondis.g Tdr kinauc.* formn in human normal 

liver and hepatoma were shown to bo nimilai v.*ith respect to tin dr 

proportion;: in the normal and cancerous liver tiacueu and, in general, 

with respect to their pay.-;leal and kinetic proper t-if n. Additional Tdr 

kinase forms, as described in hu::.an foetal liver and in some human tumour 

cell-lines (Taylor >, i aJ. , 107::) , were not present in the human hepatoma 

tissues frost which Tdr kin it,es v;..v puri f led in the present stttiy.

5-Fluoro-uracil and its. de rivativ:;, r.ueh an S-F-Udr, are widely 

used in cancer chemotherapy pyrimiaine antagonis.tr-. The drug has been 

shown to ha activ<- against a wide rang',- of no lid tumours, and nignif ieant 

responfjt;i; to therapy havi* b*.*cn reported in human cunr'crn of the largo 

bowel, liver, breast, stomach, ovary, thy mid, pancreas, cervix, pharynx, 

and urinary bladder (Dowling cl <d., 1-r/U; uates, . 5-F-Udr may be

converted to 5-F-dUMP by Tdr kinase and the r>-F~dUMP tluus formed will 

inhibit thymidylate f;ynl:hel.a:;i* and thus. block synthesis of dTTP and DNA 

by the* do no Vo pathway (page 12) . The ronulU? of t.hf present study 

suggest that O“f.]uorrj-»deoxyuridlne can be* used a;; a ruby Irate by both 

human normal liver and hepatoma Tdr kitKiwu. The finding that Tdr could



be converted to dTMP in spite of tlie presences of high levels of 5-F- 

Udr suggests that the Tdr kinase salvage pathway may tstill operutu in 

liver cells of receiving O-F-Udr chemotherapy,, This may

explain the finding by Barret and Cuhet; (i960) that fj-F-'Utir did not 

b lock dTTP synthesis in human regent bating liver following surgical 

removal of a hepatoma.
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SUMMARY

1. Thymidine kinat'f;;; from human normal liver: and hepatoma tissues 

were pur i fix'd. and r.omu of their physical and kinetic proportion were 

studied.

2. Four form:; of the* uni'.yme w o t s e parated from both human normal 

liver and hopatoma. The luriu;; wot.o dt-v.i<.jnulo<i thymidlni; ktuauoa IA,

IB, IIA,and TIB.

3. The,1 proportion:; of ouch of tho form:: itt normal liver wore shown 

to bo similar to th<- c..>rio:;pon.lin.f ft.raw in hopaUnai. Thu 1 IB form of

; the en.:ytnc* wa.• tho pr.” it'iun ust form in 1-oth human livur and hepatoma.

4. The molecular v.-eiaht.; c>* tho 1 ivi.r and h«-|•atoina onr.ytuo forms 

wore: IA l->0 OuOi IB loo I1A ’• 1 x and IIB o0 000.

I 5, A Mij-ATi- ratio ■-.£ 1:1 aave opt ii.o;:ti activity at concou-
i
•i trations of ATP oroater tinu !>(';.M, vher oa.> thu; ratio increased to 5; 1
i
‘ at lower ATI1 level:-;.

5 6. The pH opt i:.a f> >r the liver and hepatoma enzyme forma wore:1
* IA 6.0 - IB 7.S - U.O; IIA 7.'» - o.H; an i IIB 7.0 - 8.0 and 9.0i
1 (hiphctait;) .

7. All the c;iu'.y:ao io* ms loot activity on heatinq at 55°C for five 

luinutuu. Ti,ilour; of activity conld l.e r.i<jni.fieantly reduced in the 

preBonco of IOO.iM thymidine.

8. Ammonium ,'.ulph.it o at oonc'-ntrat ioms fjreator than 20mM produced 

significant inhibi t.ion r>f al 1 four form:- oi the oinv/mo.

9. The app.iti.-nt. Michael it; oonrdanis for Tdr for the* etn’.yme forms 

from normal, arid canc^tous 1 ivor, ir.*“tj-... ivoly, were:

IA, l'i.b and 17. IB U.4 arid H A ,  4.8uM and •l.iiuM;
J

j IIB, 4.9 and 4.c>id4.
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10. The hepatoma and livur mir-ymv. formu uUtlir.ud ATP and CTP ao 

phosphate donorr., and to a lentun extent. GTP, dGTP, and UTP. dATP, 

dCTP, and d'i'TP showed J it.f lu or no ability t.o r:J"vc* ai; phosphate 

donors.

11. f”ne heputc-ma and .liver fennr- of the en/.yme were inhibited by 

dCTP, dTMP, ti'l’DP , dTTP, and a/Vi'P vhej.-.t;: CTP, dMMP, dtJTP, and UTP had 

little or no inhibitory effect.

12. Studies c:ii the ai ility l'’f thymidine analogues to act a:. phonphatt,- 

acceptors'; i-linwe.d that di.-uxym'idJiu-, ‘>-1 Uioio- ieoxyuridinu, and deoxy- 

cytidine wo it- aa effect wo a;; Uiy.i:i dj !*■- (whore.u; cytidj ne , Obrojno- 

deoxyuridine, and ii“ic\i“'-dei..'Xya2.idiue were le;,.- effective than thymi­

dine; and thymine, ura.dl, iniiin* , ,-,nd b-flijoi-'-uridiii'! shoved littL.- 

or no pho;'-j hct y 1 .ittcn.

13. Thymidine rb..;. i h. rylat ten ly the thymi.iin»- kinar.** fcaiiii? from human 

normal and CM .ce .rcuv 1 tv*.-* t,vu; inhibite--.! by the thymidine analogues 5-

f3uoio-ut "i>;yuridine, :.‘~bT.'-.i..*-de<..vyaridine, if-dc-deoxyuridiue, and 

dooxycyti i i.«• / with t*:»•■„* ».:xeepti..-n that phc.i.ph».rylatifiii by the hepatemrt 

thymidine f;ii,a:.e IA prej arat ion aetj ve.ted by h - f l  uoro-dwxyuridine.

14. In general the physical and Kinetic p! (..pert ie*.j of the corres­

ponding thymi line kina.:*.- foim:. fivm hr.m,tn 1 iver and hopatoma vroro 

comparable.
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Abbruvi ationn
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adenosine b 1 ~ti. i,phosphatase [ATP phonpho-
hydi oluse (hC i . b . 1. .i) J

—1 ji i. m ’iXi’ui'i'iiii" ■

ad e iiu s in e-.i ' - 1 - c y l i e  jw>mpho: .piiata 

cyt id: ii'*’ S1 - da; . ; i. it < • 

deoxyeytidine 

C’Ul'ie

cyt. vdi i.e f. * - tr i j i.e.- j i..<f 

2 ' -duoxyaden.':..ino “.> '-tripho-i-ph.ilo

2 1 -ui>oxyuy! idine 1 -dipl.usphate

2 ' -deoxycyt i li;*e :»1 “l.̂ -ne-phGnphciti;

d* •: t:-:y..•*,•! i ivlat in [ ICMP arainohydro- 
lase (EC -i.b.4.12)]

dCTP

dGTP

DNA

DNA poly*:.- ‘rase

dTDP

dTMP

dTMPanc*

dTMP kinase

2 '-deoxyey*. r.1 — t riphont hate

/■ ~deuXy:j',;.il. -ti iphosj h.lU-

duf ixyr 11 >- )U'.tc 1 vi c a* id

tl»!oxyrjb- ■U'i’j lei c acid pfdyiueray" [deoxy- 
nuel • - t v i;bi-r phat< •: I>T,.\ d’*uxynucloo-
tidyl t rart. .u rase (EC .’.7.7. 7) ]

2 1 -deoxyl hy;:> i line ' -di-phosphal e

21 -dei ;xythytiiidi ne !>1 »tunuophor>t 'hate

thymidylate fi '••pin>sphat ase (Ihymidylate 5'- 
phosph* *hydi < d use (EC 3.1,-i.Jb)]

tbymidyUif «* ki nano [ ATP:deoxy t i.yiuidlno-
mniiuph< <sph.11 e ph< *sphut t ans] eraso 
(EC .!. 7 . >1. ‘I) ]
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dTMP syuthHtaae * , 5 1 0thymidylatu nynthotant' [N ,N - methyl onu
tctrahydrofalato: 2 ' -dooxyuridylatu C-
mothyltrannferase (EC 2.1.1,-) ]

dTTP 2 1 -dooxythymidine 'J1 -triphun£;hatfj

5-F-Udr 1 -duoxyuridino

5-F-dUMP 5-flu«;>rn-21 -dwxyorldino 5 1 -monophosphate

GTP ijuanosi m ■ ri1 -t rij'h' >nphato

5-I-Udr 5-Jodci-iJ1 ~Ut?uxyur idi.no

Km Mi chad 1a um.-.tant.

3' Mo-DAB j 1 — iituI hyl.“4"ditinjt Iryl ituiiii*.u’< ibi'inuaic'

5-Mfi-dCMP 5**mothyl' -dcoxyaytidino T>1 -luonophonphdtu
5 10 N ,N -Mo-THFA c) 10N' ,W -iin’t i.yluiu:“tftrahydroiuli e acid

NADP+ nicot in.iiuid. ■ udoni m  ■ . i i ;;u \1 uotldL- phonphatu

NADPH nicutin.uuido ad*-nino dii.uelrotido phosphate 
teduood ] rail

OMP arot idin>- fd -monophosphate

PLC primary liver cano^r

Rf migration relat ivo to the solvent front
in chrc-'S:.;? vijrapuy

Rmm migration relativ- to the nnrker front in
V. .] *. * I » ■ 'j .1 . • i . •

RNA ribonuelei c ao-id

Tdr *’ thymidi.no

Tdr kir.ane (or Tdr K) »*»thymi 'ii no kisnae [ ATI*: thymidine S'-phos- 
photraiintVraao (EC 2.7.1,7b) ]

TUFA Lu tr ahydrof ( ,d. i; _• ac id

UDP nridi.ni* rj'~dipho:;pi1.it.i•

Udr 2'-deoxyiui i i ti«■

UMP uridine ' -monoi >honphate

UTP uridine '■>'-t riphoaphat

* The pi <.'fix 'd'lxy**1 ir;, by convention, freguent.ly omi tted when
d e s c r i b i n g  «.il*i<* a m i  it;', d<-rival i v o n ,  a l l  U i y m i n o

deriv£itiv»;.'i a r o  irmuid o n l y  a n  <1.*i>xy t i b o i m * • l.i-u:; .i d o a  a n d  d o o x y r i l ' o n u *

cleotidua,
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