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inhibition caused by ammonium sulphate concentravions in the range 25-
150uM appears to be due to the sulphate moicty, since sodium sulphate
produced a similar effect whereas inhibition by sodium chloride was
very low.

The finding of inhibiticn due to ammonium sulphate wonld account
for the very low Tdr kinase activity notud durding initisl porification
studies when ammonium sulphate fractionation technigues were used to
isolate Tdr kinasze. Ot the basis that a 100% saturated (70g/100ml)
solution of ammonium sulphate has a concentration equivalent to 5.3M, it
can bhe calculated that a protein solutioen which is 200 saturated with
ammonium sulphate would hove an armoniun sulphate concontration of 1M,
Assuming that, after centrifuging down the precipitated protein, only 109
of the original ammonium oculphate concontration was prosent in the
soluticen of redissolved protein,  the data of Figure 23 show that an

agpay concgntration of S0nM ammonivn sulphate could inhibit the activity
of all four of the Tir kinase forie obtadned froem human nermadl liver or
hepatoma tigsuces by akout 7hHo,

Since approxinately culy b of the total Tdr kinase artivity
could bhe restored by accalting the enegne preoparation, a good proportion

of the ohocrved deorease in Tidr Rinane activity probably reprecented

permancit protein denaturation during amaeonium sulphate fractionation,

Kinctic Coustants foe Phenidine
The Michaelis censtants Yor thymidine were found to diffeyr for
the four Tdr kinase forme in hawan uorwal liver and hepatoma.  The con-

stants for the correcspending forms of Tdr kinase from these tissues wore

similar.

s e



e EIR S e

can.

e

[T P,

e & P

ST P

179,

The Michavlis constants for thymidine obtained ia the present
study, for the Tdr kKinase preparations from human liver and hepatoma
tisgues woere of the same order of magnitude as Lhose reported for other
mammalian Pdr Kinases:  3,2uM for oxat regenerating liver (Bizer and
Holman, 1974); 2.1ud and 2.0uM respectively for adult amd foctal rat
liver (Klemperer and Havnes, 1969) ;0 9uM for homan laryngeal careinema
tissue (Gordon ob a/i., 1908} ;  and 2.6 and 5, 2uM respectively for the
eytoplasmic and witocteuirial forms of the enryme from human lenkaemis
blagt eells (Lee and Cheng, 1976Ge).,

It should be noted that the literature Km values were magoured
at pH 7.5 to 8.0 whereas those in the present stwdy were seasured at pH
6.5, to winimise roscible eifvoty due to KiPace contamnination,

Due to the V' ATDase wuu{néinatiuu of most of the human normal
liver and hepat oma Tur kitace prepooations, reliable Km valuen for ATP
could not e deterwined,

Ehosphate Douoy ftudivy

The effvctivencss of the naclentide trivbosphates ag phosphate
donors decreased in the order:

ATP acd OTP » OTP and Q08P and Ue » dATE and dQrb = d90D,

CTP was equally as effective as ATH as a phosphate donor for the

Tdr kinase forms from both human rorwal liver and hepatema.  These findings

are in agrecment with thoos reported for husan adult liver Tdr kinase
(Taylor et al., 1972) and the witochondrial form of the censyme from human

leukaemic hlast cells (Leo and Chenrg, 19760), On the other bandlthusc

findings differ from those obtained for the cngyme from buman footal liver,and

HeLa and KB coll-lines (Taylor of al., 1972)  and calf thywus (Hor and
Momparley, 1971), where CTP was shown Lo be used to a lesscr extent than

AP,
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The low activity found wiihi dCTP as a phosphate donor for the Tdr
kinase forms from human normal liver and hepatoma tissues, is in agrecment
with that for the enzyme from human adult and foctal Liver (Taylor 6 al.,
1972) and is similar to that for cal? thymus Tdr kinasce (Her and
Momparler, 1971).

The {inding that 44T was leoso eftfective than AP as a phosphate
donor for the Tdr kinases from humin noraal and cancerous liver differs
from that for the coeyme from human adnlt and foetal livers (Taylor gt
al,, 1972), and that for the cyteplaseic form of Tdr kinase from human
leukaemic blast cells (Lee and Chene, 1976g) . For the mitochondrisl
form of Tdxr kinvee from haman leokaenmio blast cells, however, the lattor
authors have shown that dATP s less effective as a phosphale dousr than
aATP.

The resulte for ATP and P, and AP and JUIP suggest that the
presence ¢f a Jeonyritiose sodety renders thece necleotides less effective
as phogphate dronors for the hunan Liver Tdr kinase preparations,

The low activiries moacured asing GIP, 40P, and UTP ag phosphate
donors for the huwaan liver and hepatowma Tdr kinace formg are in agreement
with those for vhe enaymes from human odult and foetal liver tissues
(Taylor ot wl., 1972) and ealf thymue Tdr kinase (Her and Mowmparler, 1971),
The highor activities ebtaine-l with ¢Up, G, and Ur for the normal and
cancerous oiver Tdr kioase IB and IIA preparations sugaest that these
forms show o lovwer specificity for the phosphate denor than do the Tdr
kinase LA and IIB preparations.

dI7P Aid not gerve as o phosphate donor for the human liver or Tdr
kinase forme, a finding which 1o in agreement with those for Tdr kinases
from human adult and foetal liver (Tayler cé al., 1972), calf thymus (Her

and Momparler, 1971), and the cnzyme foruws induced in HeLa TK cells by

e NIy — - i
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Herpes simplex virusces Types T and 11 (Cheng, 1876).

In general the results of the phosphate donor studies using the
human normal liver and hepatoma Tdr kinase preparations showed close
agreement with these reported for the censyme Lrom human adult Jiver by
Taylor ¢t af. (1972). With respect to the phosphate donors studied,
differences rowsd for the correspouding Idr kinase Torms {rom humanb
normal liver and hopatona were ﬂmdlllunJ are prabably not significant.

Nucleotide Inhibiditor Stulics

N

The phosphorylation of Tdy by AP using Tdr Rinase preparations
from human normal liver and hepabcua chowed little or no inhibition due to
CTp, AUMP, JdGIPT or UTP. on the other hand, phocpiorylation by theee Tdr
kinagses was inhibited when GQUHb, JT0P, 30, dATP  or dUTh were ilncluded
in the assay wixture., The nucleotides tested produced similar levels of
inhibition of the Tdr kinase forms from both hunan normal liver and
hepatoma tisauus,

The inhdbiticn for huaan liver and hepatona Tdr kinases by 4CTp
and dATP ig siwilar teo that for the witochondrial frorm of the enayme from
human loukaenie plast eells (Loee and Cheng, 19700) . On the other hand
these authors bhave reported that the eytoplasmic form of the oneyme frem
human leukaemic blast eells o not inhibdted by theoo nuclootides.  The
finding of inhilition by O for the htaan normal and cancercus liver
Tdr kinases is in agreement with the finding of inhibition by dCIP for
human adult liver eneywe preparations (faylor of ., 1972), but differs
from the aboonee of inhibition by QI Feund for Tdr kinases from human
foetal liver, and Hela or FB cell-lines {Taylor o4 ol., 1972), Heka
cells (Kit and Leang, 1974), aud rat regenerating liver (Bresnick el al.,
1970). The finding of inhibition by dATE for human liver and hepatoma

Tdr kinases differs from that of Taylor of afl. (1972), who report no
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inhibition due to this nucleotide for the human adult and foetal liver
preparations, It may be avgued that dCTP and dATP compete with ATP
fer the phesphate donor substrate-binding site, leading to decreasiced
activity.

The finding of inhibition by dTMP, JTDP, and 4T for human liver
and hepatoma Tdr l;in;mu:' ivoin agrecwent with those for Tdr kinase
preparations from human adult and foetal liver, and human cancerous cell-
lines (Taylor ot ai., 1972, and calf thymus (Her and Momparler, 1971).

It has beon sugqgeeted thiat the Tdr kinases from human mammary,
laryngeal, lung, and kodney tumours are less susceptible to inhibition
by dTDP and JT7p than the enoyne forbs from the corresponding normal
tissues (Gordcn o J., 1908), In the present study the inhibitory
effects of these nuwleotides on the human liver and hepatoma Tdr kinase
preparations appeared to be sinilar., This is in agreement with the
finding that inhibiticon by J9Tp for Tde kinase  from hoaman nornal adrenal
glanés is ciwilar to that from adrenocortical carcinonas (Nawata @ o,
1976) . The pnaturs of the inbdbition produced by the thymidine nucleo-
tides ig prebably conplex sines, apart from possible effects on the
phosphate donor Linding site, JITDP and 47TP can also act as feedback
inhibitors of Tdr kinase {(Brodtman, 1963} Tves ed al., 1963).
Inhibiticen by JTTF Las becn shown to be conpetitive with reospect to
thymidine for the cneyne from rat. reqenerating liver (Breitman, 1963),

Inhibition by Uye was tested to determine whether it could block

the Tdr kinaze galvage pathway, an 1L gerves as the substrate for JTMP

production in the o noedo palthway o dTMP synthesis, The results obtained

suggest. that, for huwan liver and hepatoma Ty kinase preparations, feed-

back inhibiticon due to this mueleotide does not oceour.
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The f£inding that UI'F producaed little or no inhibdtion of the J
1
human liver and hepatoma Tdyr kinase forms is similar to the findinge for i
i
the mitochondrial and cytoplasmic Forms of Pdy kinase fyrom human levkace- i
i
mic blast cells (Lee and Cheng, 1976¢), and the enzyme from mouse ascltes I
sarcoma (Cheng and Prusotf, 1974). j
' i
The finding of the absence of inldbition by CUp for human normal
N
and cancerous liver Tdr Kinases is in agreement waih tho findings in this .
study (Table 20) that CIP 14 as efficient a phosphate doner as ATp.  CTP Y
|
has however boen reported to produce slight inhikdtion of Tdr kinases
4
£
from human adult and foetal liver (Yaylor of @é., 1972), and hunan leukacmic
blast cells (Loee and Cheng, 19700,
The finding of low or absent inhidkdition Ly 4GYP for human liver and
hepatoma Tdr kinases is in agroers ot with the finding for the enuyme Frow ’
human adult liver (Taylor «! ., 1272), but differs from the findings
of these authors for the enzyme frow human fortal liver, and Tdr kinases
from the mitschondrial and oytepdoaamic fractions of human leukaomic blast
cells (Lee and cheng, 1970¢).
Thysidine Aualoone. ctaoiies
Thymidine analogue studies using a erade preparation freom huaman
norwal liver, whizh contained all four Tdr kinage forme, sugg.sted that,
relative to thymidine: Jdeoxyearidine, Sefluoro-deoxyuridine, and deeoxy- ‘
d

cytidine were effective phosphate acoeplors;  cytidine, S-lodo-deoxy-—
uridine, and S-browo-de-sypuri-dine were less effeetive phosphate acceptors;
and thymine, uracil, uridine, and S-flouoro-uridine showed little oy no
ability to act as phovphate accoptors,

The findings for deoxypuridine (Udr) and the b=halo-derivatives of

Udr (5~F=Udr, S-Br=Udr and 95=T-Udr) are similar to thoso for Tdr kinasoes

from rat hepatomas and garcomas (Brosndck and Thompoon, 1965) and calf
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The finding that UTP producod little or no inhibition of the
it
human liver and hepatoma Tdr kinase forms is similar to the findings fox |
"
the mitochondrial and cytoplaswic forms of Tdr kinase from human leukac- ]
I8
]‘7
mic blast cells (Lee and Cheng, 197ue), and the enzyme from mouss ascites i
sarcomd (Cheng and Prusoff, 1974). f
N
The finding of the absence of inhibition by CTP for human normal '
. , o . - . . 1
and cancercus liver Tdr kinases is in agreement with the findings in this y
study (Tabdle 20) that P iu as efficient a phosphate donor ag AT, CTP X
*
has however been reported Lo proiuce slight inhibition of Tdr kinases .
1
from human adult and foetal liver (Payler of ae., 1972), and human leukacmic b
blast cells (Lee and Chong, 19700},
The finding orf low or absent inhibition by dGIP for human liver and
hepatoma Tdr kinases is in agreenent with the finding for the enzyme from Ny
human adult liver (Taylor .o ai., 1470), but differs from the findings
of these authors for the eneyme from human teetal liver, and Tdr kinases
from the pitochondrial and cytoplasnic fractions of human leukaemic blast
cells (Loe and Cheng, 197wa).
Thymidine Anal-oague Jtudieo
Thymiding analogue studics ucing a crude preparation from hunan
normal liver, vhich contaiued all four Tdr kinase forms, suggested that,
bl
relative to thymidine: deoxyuridine, S-fluoro-deoxyuridine, and deoxy- '
b
eytidine wore effvctive phosphate acceptors;  oytidine, S-iodo-deoxy-
uridine, and S-bropo-deoxyaridine were less effective phogsphate aceeptors;
and thynine, uracil, uridine, and S-fluore-uridine showed little or no
ability to act as phonpliate acceptors,
The findingn for deoxyurid o (Udr) and the S5-halo~-derivatives of
Udr (S5~F«Udr, S-Br-tUdr amd 5-T-Udr are similar to those for Tdr kinasecs
i1
Erom rat hepatowmas and sarcomas (Bresn. o and Thompson, 1965%) and calf
1
|
|
!
|
|
il
|
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thymus (Her and Momparler, 1971}, The finding that deoxycytidine and

to a lesseyr exteat cytidine scerved as phosphate acceptors, differs rom
the findings for Wdr kinase from “oshida sarcomas (Hashimoto et al.,
1972). Because of the non-specificity of the 32P~ATP assay used in

these studies, the possibility cannot be excluded that the effoect
observed with deoxyoyt idine and cytddine way have been due to Lhe presence
of contaminating enaymes such as uridine-eytidine kinase or deoxyeytidine
kinase. However, uridine-cytidine kinase frowm Ehrlich ascites tumour
cells has beon shown to be specific for uridine or eytidine (Skeld,
1960) ; and calf thyuus deoxyeytidine kinsae 1o specific for deozyoyti-
dine (Durham and Ives, 1970;  Ives and Durbam, 1970),  Attenpts to
explain thoe results of the prosont study as belng due to contamination

by these enecymoes would regidre the presence of both thece contaminating
enzymes in the liver Tdy Rinase preraration, in which case there would
not be an explanaticn for the failure of uridine to be phosphorylated by
a uridine-oytidine kinase,

The ability of the thymidine analogaes to iphibit the phosphory-
lation of thymidine was bested uging the wore highly purified Tdr kinasa
preparaticng frowm huan novmal liver and hepatonma. It was found that
deoxycytidine, S-1-Udr, S-Br-Udr, and S-I-0dr inhibited the Tdy kinases
from both hunan normal and cancerous liver when present at concentrations
five-fold greater than those of the zaturating Tdr levels.  An exception
was found in the case of the hepatoma Tdr K 1A preparatien, which was
apparently activated in the prescnce of S5-pP-Udr.  The bages thymine and
uracil inhikited the liver and bepatoma Tdr K OIA forms, but produced
little or no inhibition of the other Tdr kinase preparations,  Cytidine,
uridine, and Udr produced Little or neo inhibition of the human normal

liver and hepatoma Tir kinasern,

v
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The poor inhibition by gyhidinulwhﬁn compared with the narked
inhibition produced by the presence of deoxycytidine, suggests that the
Tdyr kinase enzyme forms show some apecificity for deoxyribonucleosides,
This is supported by the finding that deoxyoytidine, deoxyuridine, and
S5-flunro~deoxyuridine were more effective as substrates than wero
eytidine, uridine, and b=fluorc=uriding,

Deoxyuridine did not inhibit the phosphorylation of Tdr by human
liver and hepatona Tdr RKinasoe prepovations, although the analogue studies
suggested that it was an effective phesphate acceptor.  Similarly it has
been shown that Udr does pot atfect Tir phosphorylation catalysed by
mitochendrial or cytoplasnice Tdr Kinnge forms from human leukacmic blast
cells (Lee and Cheryy, 1270¢).  Leo and Cheng have demonstrated that the
inhibition constants (Kl's) for Udr for these enzyme preparaticns are
two orders of magnitude grealer than thoe Km's for ir. This may explain
the failure of Udr to inhibit Tdr kinase activity in the present studies.
On the other hand the ability of Uldr to act as a phosphate acceptor may
have been dus to the prosence of a contaminating Udr kinase, in which
case, when asing the more specific monitoring of the conversion of 33~Tdr
to 3H-dTMP, ne inhibitory effect on Py kinase would be expected.

Comparison of the inhibitory offoects of the halo-0dr derivatives
shows that, in gencral, the Le=breomo- and S-jodo-derivatives produced
greator inhibition than S~P=tkir,  These findings are similar to those fox
Tdr kinases frem human leukacnic blast ceells (Lee and Cheng, Do),

Tdr kKinases from rat carcinosareomas have also been shown to be inhibited
by 5=p-Udr, S-Hr-U.ir, and %=1-Udr (Bresnick and Thoupson, 190%). A
possible explanation for the less marked inhibition due te 5-F-Udr is

the finding by Lee and Cheng (19762) that Lhe K, fox AePedr, for the

Tdr kinaces from human lovkarmic blast eells, s at least an ovder of

e it ke
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The poour inhibition by cyt:i«line' when compared with the marked
inhibition produced by the presence of deoxyeoytidine, suggests Lhat the
Tdr kinase enzyme forms show some speeificity for deoxyribonucleosides.
This is supported by the finding that deoxyeytidine, deoxyuridine, and
5-fluoro=deoxyuridine were more cof fective as substrates than were
eytidine, uridine, and S-fluore-uaridine,

Deoxyuridine did net inhibit the phoaphorylation of Tdr by human
liver and hepatoma Tuir kinase proporations, although the analogue studies
suggested that 1t was an effective phosphate acceptor.  Similarly it hag
been shows that Uor doss not aricct Pir phosphorylation catalysed Ly
mitochondrial or cytoplasmic Tdr Kinoase forws from huwan leukaemic blast
cells (Lev and Cheny, 176e). Leo and Cheng have demonstrated that the
inhibition constants \Rl‘s) for Wir for theso enayme preparations ars
two orders of magtitude greatoer than the Km's for Tdr. This may explain
the failure of Udr to inhibdt Tir Rinase activity in the present studies.
On the other hand the ability of UWir to act as a pheosphate acceptor pay
have boon due to the precence of o contamdnating Udr kinase, in which
case, when noing the mors Specifis monitoring of the conversion of 3H—Tdr
to BH-dTMP, no inhiibitory effcect oo Tir Rinase would be expeeted,

Comparinon of Che inhibidtory effects of the halo-Udr derivatives
shows that, in gencral, the bS=browoe amd S-jodo-derivat’ produced
greater inhibition than Sep-idr, These findings are similar to those for
Tdr kinaves from honan leukaents: blast eells (Tee and Cheng, 19276c).

Tdr kinases from rat careinocarcowas have also been shown to be inhibited
by S5=p-Ulr, 5=Br-Ulr, and H=I-Udr (Breondick and Thompson, 1965) . A
possible explanation for the less marked inhdbition due to 5-F--Udr is

the finding by Lee and Cheng (19760) that thoe Ki for H=F-Udr, for the

Tdr kinases from bnusan leukaende blast eells, is at least an order of
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magnitude greater than those for L=-Br-Udr and 5-1-Udx. There is at
this stage no explanation for the apparent activation by S-F-Udr of
the human hepatomn Tdr K IA preparation,

The presonl study suggests that, with the exeception of the
differential effect of 5-F-Udr on the Tdr K IA preparations, the inhi-
bitory effvets due to Tdr analogues cu the correspondiug forws of the
enzyme from human normal liver and hepatowa tissuaes are not siogngfie-
cantly different.

CONCLUS T

Four forwms of Tdr Kiosage were parif{iced frog both hunan normal
liver and hepatowma,  The covrecponding Tdr kinase forms in human normal
liver and hepatoma were showh Lo b sipilay with recpect to thedir
proporticn: in the nersal and cancercus liver tlscuce and, in general,
with reespoct to thedr puysical and kRinctico properties.  Additional Tdr
kinase forme, as desoribed dn hunan fuotal liver and in some human bumour
cell-linva  {(Taylor oo wo., 1970), were not prosent in the human hepatoma
tissues from which Tdr Rinawes wors puriiicd in the prosent stuly,

S-Flunro-uracil and its derivatives, cuch as 5=F-U0dr, are widely
used in cancer chemothorapy s pyrimidine antagonists,. The drug has boen
shown to he active against a wide range of solid tumours, and significont
responses Lo therapy have beon poported in haman cancers of the large
bowel, liver, breast, stemach, ovary, thyroid, pancreas, cervix, pharynx,
and urinary bladder (Dowling o 0., 1970;  Qates, 1972),  5-F-Udr may boe
converted Lo H5=P-dUMP by Tdr kindse and the S-r=-dUMp thus formed will
inhibit thywldylate cynthetase anel thas block synthesis of JdTTP and DNA
by the do novo pathway (page 12). The resalis of the present study
suggest that Sefluoro-deoxyuridine can be used as a cubstrate by both

human normwal liver and hepaloma Tdr kinaces, The finding that Tdr could
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be converted to dTMP in spite of the presence of high levels of 5~-
Udr suggests that the Tr kinase salvage pachway may stilld operate in
liver cells of patiwats receiving LeF-Udr chemotherapy. This may
explain the finding by Barret and Coben (1968) Chat S-F-Udr did not
block &P synthesis in human regencrating liver following surgical

removal of a hepatoma.
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SUMMARY

e - et s

1. Thymidine kinases from bhuman normal Liver and hepatoma tissues
were purificd, aml some of their phyrsical and kinetic properntics were
studied.

2. Four forms of the ensyne were separated from both human normal

liver and hepatowa,  The Jorms wore designated thymidine Kinaces TA,

IB, IIA,and TIR.
3. The proporticns af cach of the forms in normal liver wero shown
4

te be similar to the correspendineg Yorms in hepatonn. The ITB form of

the enayme wao tler procdominant fors in both husan liver and hepatoma,

4, The melvenlar weiloehita of the Tiver and hepatoma onieyne Iorns

were:  IA a0 QG0 1B oS Gdd; TIA 1 s 16 awed IIB o 40O,

5. B Mo-nit ratic of Lol aave eptinam enagyne aotivity at concen-
o - + A o

trations of A0 greatoer than HOWM, wheroaos this ratio increased to 5l
1]

at lower AT lewvela.

JERS ]

6. The pil optina fop the Tiver and hepatons enayne forms were:

I8 G.O - ©.5; TR 7.9 - S0y ITA YLD - 800 and TIR 7.0 - 8.0 and 2.0

(hiphasic).
. ) O\ .
7. ALl the ensyie formg loct acrtivity on heating at 557C for five

minutes. This lous of astivity coald b sigrificantly roeduced dn the
presonce of 1000 thymidin .,
8. Ampmondium cotlphate at conocnbrations greater than 20mM produced

significant inhihiticn of all four forme or the enasywe,
9. The apparent Michaelic coredtants Cor Tdr for the eneyme forms
frow normal and cancerons liver, recpectively, wero:

IA, 1505 and 17.3uM; 1B 8.4 and 6.9uM; TIA, 4.8uM and 4, 4uM;

IIB, 4.9 and 4.5M,
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10. The hepatoma and liver enzyme forms ubllised AP and CTP au
phosphate donors, amd to a lesser extont GUP, doTP, aad yee,  JdATe,
dacry, and JMTP showed Jittloe or no ability to sorve as phosphate

Y ¥ 1

donors.

11, The hepatomae and Meer forme of the eneyme were inhibited by
dCTP, dIMF, JdTDP, JUTP, and GATP wherooas CIP, dUMP, duil, and UTP had

little or no inhibitory oftfect,
12, Studivs on the ability of thynddine analogues to acl as phesphats

ey

acceptors showed that deoxyuriine, S-tiaoro-deosyuridine, and deoxry-
cytidine were as effective an L:“l‘,'.:;i“‘;jhu".'-'}“,‘Z"'Hl."; vytidine, L-bLromg-
dooxyuridine, and sedodo~doonyaridine werye leos ef fective than thynd-

dine; and thyoine, uracil, gridine, and S-0luorco-uridine chowed 1ittle
or no phoupiawrylation,
13. Thynidine phooplorylation by the thymiidine kRinese forms from human

pormal and canoorous liver was dnhabiteot Ly the thymidine analogues 8-

fluosro=dennypuridine, D=lroooedecsaradineg, S=iedo~deoxyuridine, and

I3

et e P 4 4 . asa i [S b i « -3 ey - . g
Guompsytidine;  with tho exeepticon Shat phosphorylation by the hepatoma

thymidine Rinace I8 proparatiosn woas activeted by be=fluoro-deoxyuridine.,

14, In gureeral Lhe phesical amd Rinctic proportics of the eorrec-

<

ponding thynd Hine Riwros forns fron Wsian liver and hopaloua were

coniparahile,
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ADP
Ara-Clp
ATP

ATPase

5-Br-Udr
c-AMP
cop

Cdr

Ci

cTP

daTp
dacpp
dCMP

ACMP deausinase

acie
dop
DA

DHE polyeoras:

d'rny
aup

ATMPase

armMpe kinane

%

Abbroviationg

adenosine 5'-diphonphatoe
eytosine arabineside 5'-triphauphete
adenosine H'-triphosphate

adenosine 5'~triphosphatase [ATY phospho-
hydrolase (B2 3.0.1.3)]

Hebir ot deoryuridine:

adenonine=3'<Ltweylic monophonphate

CYLidiM\‘ ‘lv'-ﬂ(iii‘iﬂ)p} dut e

deogyoytsdine

Curie

eyt idinge Webriphonphiare

2l=deeryadenocine bl=tripheasphiate

2redpesyoyt dine W'=diphonphiate

Sl=qeorypeytd Uoe Y'=nonophonphat

deoryoyti ivlat avomitaase [IOMP aundnohydro-

lase (BC $.5.4.12))

Al=deaxyoptidine Dr-triphaophato

2Vedeonypugacine W-trivhosphate

denxyribotacledo acid

deoreritonneloed e actd polymerass [deoxy-
raclocside-tyiphorphato s DLA dooxynuclon-
ruerl braeet ficrphiatoeel Iroxynucld
tidyltranarorase (BC 207.7.7) )

2t wdeonytiyni dine b '=diphospliat o

2t =deonythynidine b -nonophosphiate

thymidylate Sfephonphatae {[thymidylate G-
phosphobiydrolae (B0 3.1, 3,453 )
thymidylate kinane (AT sdeoxyl hymldine-
menaophosphat e phesphot ransferase
(ke 2.7.4.9) )
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® 5 10
; 5

drMp synthetase thymidylate synthetase [N7,N ~methylene
tetrahydrofolate: 2'~daoxyuridylate €=
methyliransferase (BC 2.1.1,~)]

arrp 2'-deoxylhymidine 5'-triphosphate

5~-pF-Udr H-fluoro-2'=deoxyuridine

5-F-3UMP Seflunro-d'~deoryoridine S'=monophosphato

GTP guanonsine Gtetriphogphate

5~I~-Udr Hedodo-2 ' -deaxyuridine

Km Michaclis constant

3' Me-DaB 3'=methyl=d-dincthyl eninoasohensene

SeMe~dCMP Sepethyl-sedvoryeoytidin: S -nonophosphate

5 .10 . 5 .,10 e .

N7 N " =Me=THEA N7 R wmethylene=toetyadopdrofolic acid

NADP nicot iaide adendne dincleotide phocphate

NADPH nicotinamide adendine dinucleastide phosphate,
reduced Yram

oMp orotidine S encnophonpliato

PLC primary liver cancer

Rf migration relative to the solvent front
in chromatography

Rm migration relative to the marker {ront in
claoois “"W;L‘—'a’ A

RNA ribonucleic oaid

w c s
Tdy thymidine

Tdy kinase (or Idr ¥) “thymidine  hinase [ATP:thymidine 5'~phos-
pholransterase (EC 2.7.1.75)]

THEA tetrabiydrofolic acid

upp uridine L'-diphesphoate
Udr 2'=deoxyuriline

UMp uridine S'-nonophionphate
urp uridine H'-triphosphats

* The profix 'deoxy-! i5, by convention, froquently omi tted when
degeribing deorylhymidine and its dervivatives; since all thymine
derivatives are fonnd only as deoxyribonucleosides and deoxyribonus
¢leotides,
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