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SUMMARY

1cm_s_s-tic am_sobto-n_sj_slato’ st _siilio’u� I_save beo’m_s perforn_s_s-d uvit i_s 1 -(3-i_s-ai’abii_s_s ofuran_sosylc-ytosii_si-

5’-tnipi_sos�_sl_sato’ (amaCTP), i1CTP, am_sd calf ti_syn_sus 1)NA polyn_su-maso-. Usit_sg d_sm_satuned
1)NA as ti_so- fo-mplafo-, thu o-fin_satud appanei_st K,, valtic-s for araCTP at_sob u1CTP ivo-ro about

ti_so- samo-; l_so)u_s_s-vem,ti_so- i--stin_safu-d appar_snt V_s,_sX vaiw- ft_sn dCTP uvas abo_suf S tin_sc-s gn-ati-r
ti_sat_s ti_s_s apparo-n_st I_s_s_s:_sXf_s_si’ amaCTP. Both anaCTP an_sd uICTP ai_sl_so’ami-ub to con_spo-fe fo�_sn fl_si-

san_se _s’atalyti_s’ -situ- u_sf DNA �_soiyn_s_s-nasi’. Wi_so-n_s p(_siy(dA-dIT) was aso’uI as fho’ t-i’mplate,

amaCTP did i_sc_st iomoiduo’_s’ an_sy d_s’to’o-fabio- ii_shibitiot_s o)f fl_so- in_sc_s_snpomation_s of [3H]dTTP in_sto

aciui-it_ss_s_shuble mat-_s-rim_sI. DNA PolYn_s_s-nas(- catalyzed ti_s_s- im_scc_snp_s_srafiot_s u_sf I3HIanaCTP into

l)0iY _siC : l�#{176}�1YdG, but i_so_st infc_s I)u_s1Y(ul_&-ubT) . DNA coom_staim_sing {a-32P]anabit_sofuram_sosylcy-
to_suim_so� 5’ - mnot_s_s_si_si_sosphaf-u- ([a-32PJaraC �_sIP) _svas sym_sfI_sesizo-d enzy n_satically , usit_sg den_sat un_s-cl

DNA at_sd DXA �_solymo-nase. Follo_s_ss-ing the digc-stiot_s c_sf this [32P]DNA witl_s mic-nococcal

miuo-io-as - and spit-ct_s j_sh_s_sospi_sodiestu-rase tco dei_sxynucl_s-oosido- 3’-moi_so_spI_so a-cphates, ti_se radio-

activity fnom [a-�2PjaraCMP appo-aned u_s3’-dAMP, 3’-dGMP, 3’-dTMP, at_sd 3’-dCMP,
suggo-stin_sg ti_sat- DNA j_solyn_sonaso c-o_subd (‘atalyz_s the format-i_s_sm_s of a phosphodiester b_sot_sub
bc-two-em_s ara(�1\IP am_sd u-ac-h _sof ti_so- ii_s-ooxynucleo_stides present- it_s the DNA template.

Ti_sc- data fr_s_sm studies cot_stho- raft- of rc-lo’ase of {a-ttPJanaCi’sl l� am_sd [#{176}HJdCMP from DNA
by sn_sake vc-m_son_s pl_s(ospi_soo(lio-stenase am_sd ti_se it_sconporatiom_s of anaCTP at_sd dCTP into de-
ntattir_s-d, som_sicafu-d DNA art- c’onsisto-m_st i_siti_s ti_se prop_s)-sal ti_sat ti_s_s in_sconponatiot_s of araCTP

in_st_s_sDNA in tho- nc-a_s-ti_s_sm_sc-atalyzo-d by DNA �_solym_srase produco’-s t_s-rmit_satiot_s of po_sbynu-

o’ho(_sti(lu- u-I_saint gnu_s_s_s-ti_s.

INTttOl)U(t’tON

1 -�3-m_s-Arabin_s_s ofunam_sosyi_s’ytu osin_so- is a po-

to-i_st in_sloibifoom’ u_sf c’u’llular proolifo-nation_s at_sd

l)XA sym_sti_so-sis in_s man_smahiam_s co-Il-s (1-4).
Ti_sis anotimu-tab_solito-, u_si_sii’io is an_s am_sabuogut’ u_sf

cb_soxyc-ytidim_so- , aI)l)0ars f_s0 ac-f s�_s_s-c-ificabiy

to_s kill culls diurinog tI_so- S l_si_saso- c_sf ti_s_s cell cycle

(5, 6). �I’i_so-nato- u_sfpi_s_s_ssj_sh_so_srylatioom_su_sfara(II�’

T1_sis woork wa_s_sst_s�_spuor_sc-oI �#{176}:�--u_s gnu_s_s_st fr_so_s_s_st he

Nat ion_st_siCt_sn_sc_s-nIn_si_stitt_ste(_sfCutn_sutdtt.

‘Fl_se t_sloioreviati_son_ss usc-ol u_sre: araC, 1-(3-m_s-

araioin_suofunn_sn_so_ssylcy_s osi n_se; u_sruiCNIP u_sn_sdt_sraCTP,

it_sc-nc-as_s’s dumim_sg fl_si- S i_sh_saso- (7) an_sub is ap-

l)ano-m_stly due to at_s in_scnoase in the activity
of deoxyc-ytidim_se kim_saso- (5) , the o-nzyme that

catalyzes the phos�)honylatiooi_s u_sf tI_sis nu-

_s’leosidc- at_saiogtto- (9) . \Iammaliati cells coi_s-
vert araC to ifs 5’-tnii_sI_sosi_shate do-rivativo-,

araCTP (10, 11), u_s-I_sit-I_si-s presumably ti_sc-

act-ivo- form of tI_sis at_stin_so-tabo_slite in_sthe cell.
At the cellular li-vu-I araCTP produces po-
t_s-m_st ii_si_sibitiot_s of DNA �.u_s’i_stI_sc-sis at_sd is

the 5’-n_son_sophosphat-e an_sd 5’-t-riphosphate of

araC, respectively -
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iI_sco)nporatc-d im_sfoo 1)XA am_sd RX:� to a v_s-ny

limited c-xto-t_st (3, 12-14). At- th_s- o’m_szymafic

level araCTP acts as a puotei_st c-iompc-titivo-

inhibition _s�iti_s r(-sI_so-o’t to_s i1CTP it_s tho DXA
polymenaso- reacti_som_s ( 14, 15) . ?sIon_si_sarlo-m

(16) f_s_sum_subthat fl_sc- mammaliam_s I)NA �_soly-

merasc- ci)Uld catalvz- fl_so’ incor�)onafiot_s i_sf

araCTP ii_sf�o 1)XA am_sib ti_sat ti_se presem_sc-o’ u_sf

araCMP at- fl_so- 3’ _snil of fl_se polyuieoxym_su-

cleofido’ ci_saim_s proo(buo’(-d fo-nmination c_sf chain_s

growth. TI_si-s obsm’vaf it_sm_sti_sat araCTP c_s_stud

act as a chai_s_s gro_su_s-fi_s f_smn_sim_sator was c-on_s-

firmo’cl by Atkii_sso_sm_s ci al. (17), usim_sg DNA

i_soly’mina-sc- I fnon_s Esciieiici_s ia coli. It_s studio-s
with L-c-c-lis Grai_san_s at_sd \Vhitn_sooni’ (14)

report_s-ui f-i_sat o_stoby a -sn_sail �)o-rco-i_stage of ti_so-

[3H]araC�\lP in_s ti_so- 1)NA u_s-as lcoc-ateci in ti_so-

termin_sah j)i_s-sitioim_s am_sd ti_sat most of ti_se [3H1

araC)_sI P _s_sas fo_suno(b it_s an_s inf(’rm_suc-lo-ofiubo-

linkago’. Th_s- diff_s’ro-mico-s bo-fuv_s-o’n_s f-i_si- o’t_szy-

matic at_s_s�i co-liulan stuilio-s are uliflictilt to_s

n_s-solve at ti_so’ cnu--si-m_sf n_so_sn_si-i_sf bc-can-so- u_sf

the lack o�of im_sfonmation_s o’oi_s_sc-rmiing the ni_sn-

mal mo-i-i_sam_si-sm-s u_sf I)XA no’i_slic-atiot_s in_s

mammaliam_s o-o-lb-s.

In_s ti_si pal)o-m kim_sc-tic at_sii t_s’mplato- studio-s

are r_s-poorto_sl with anaCTP and man_smaliam_s

DNA polym_s’raso’ it_s o_sndc-n to) u’lucidato- fur-

f-i_so-n fho- n_soodc- of ai’tioom_s c_sf ti_sis am_stin_so-fab-

oiito. 1)at-a an_s’ al-sc_s pro--so-i_sto’d ti_sat an’

coonsist_snt i_s-ith tl_s_s- j_sm_s’vious finding ti_sat

araCTP is a chain_s gm_so_s_s-ti_sf_s-mn_sit_sat_s_sm.

EXPERIMENTAL I�ROCEDURE

]Iaterials. No oi_sraulioac-tivo’ i_such_s-of id_s’s

_sv_s’ne _s_sbtain_soub fnon_s P-L Bic_so’I_s_s’n_sic-al�u. Ha-

(li_s_sac-five m_suc-b_s-i_stid_s--s and [3H}anaC i_s-_s-no-

obtained from X_s-u_s- En_sgham_sd Nuo’l_s’ar am_sib

Schivarz BioR-o-s -arc-h , ro-spi-_s’f ively . I i_s 5_s)I_s_s(’

expenin_so-n_st 5 i_suci_s-u ot id_s’s of iiifforc-m_sf- 5po ‘o’ifi o’

activiti_s-s uvo-ro- mad_s by adulit_sg iliffo-no-t_st

amounts 0 of n_s_s_sm_snadi_s _sao’t ivo- n_sticle_s)t iuio ‘ to a

coi_sstant amooun_st of nadioactiv_s’ I_suci(’ot idi-.

:#{176}_sli_s-no_s_s-u_s_s-_s’ab m_suo-l_s-aso’ , i1)lttm_s j_shc_sspl_so_sdi -

o-stc-ras_s- , am_sd vt-i_si_sm �_shospi_souiic-stc-rasi- _s_so’no_s

obtait_so-d from \%�ont i_sim_sgton_s Bit_so-h_s_s-n_sic-al
Corporat-icot_s. Pooly(uiA-dT) am_sd 1�o1Y dC:

poly dG wc-ne obfai_soo-d fm_s_sn_sMilc-i� Labora-
on_s-s at_sd uhssolvo’ui at a _s-_sn_scentnat i_s_sn_so_sf 1.0

mg/mi u_s 10 mit XaC1 com_sfaim_sii_sg 1 n_s_sn

sodium _s-ifnate, pH 5. Native _s’alf fi_symus

I)NA i_s-as a gift fri_sm Dr. 1. H. Sp_s-m_s_s’o-r am_sub

_svas pno-pano’d by ti_so- mt-fl_si_sd (of Kay c-I- at.

( 15) . No_sm_snadiooao-fiv_s- araC u_s-as o_sbfain_so-ol

fm_s_sn_s Sigma (‘I_so-n_si_s-al (‘o_sm_s_spany . The [�H�

ara(’ u_s-as punifioil by di_s-s_s’o-m_sdin_sgo’i_sro_smatoog-

na�_sh_syooi_s\Vi_safn_sai_sNo_s. 3MM pap_s-n in_sS(�

1 -butat_sol----_s’u_sn_s_s’_s’m_stmat-ed amn_s_sunitnn_s i_syiim_sox-

ido’ (94.5:5.5) (12). 1)XA p_s_sbyn_s0-niLso-iva.s

ptnnifi_s-dabo_sut 100-foobd by ti_so-n_so-fl_so_sdo_sf
‘_so_sm_su’(la and B_sliun_s ( 19) . Ti_so- �

ltiO)sO fnactiom_s o_sbtaim_si-d by thi j_sru_so-o-duno- i_s-as

fttnthu-m i_sunifi_s-ui by go-h filtmatiuom_s oh_sn_s_sn_sat_sog-

naph_sy to_s ru-n_so_svi’ o’x_son_suo’ho-ao- an_si! to-rn_sin_sal

cl_s-_soxyn_suc’l_s-ootiiiylf nam_s�s-fi-raso’. Ti_so’ spo-_s’i li_s

a._s’tivity _s)f fl_so- iumi6o’cb DNA po_slyn_so-naso- u_s-as

ab_sout �5.0 tnt_sits /n_sg. ( )n_so’ un_sit u_sf o-n_szyn_s_s- i_so’-

fivitv was do-fit_s_sd a-s ti_so- an_so_sum_st u_sf _s’mozyn_su-

_s’atalyzing ti_so- im_s(’O_si’j_s_sOt’ati_s_st_s 0_sf 1 .0 nmo_slo- u_sf

raoiiu oai’tiv_s- n_s_si_s-i_s-_sotiuio- in_st_so at_s a_s-iub-in_sc’_soolublo-

pr_sooiti_s’t- i)o’r mim_suto- at 37#{176}.
J)N..-t pol/Jlliei’ase assa-�j. i)XA pool�’m_s-raso-

activity i_sas assay_s-ui by fl_so- fihto-n i1ic�c- mu-f l_s�

o_sd (20), usin_sg \Vhatn_sam_s (il’�C glass fiho-r

uhscs (2 . 4-o’m uiian_so’fo-r) , TI_so- o’_son_sI_s(ositio_sm_so

ti_so- ru-ac-ti_son n_sixturo- i-s givo’m_s il_s o-a_s-h_s fabbu-

an_sibuigtimc-.Unoio-s�.cc�fafo’d o_sfi_so-n_s_sise,ti_so-mu--

ao-tioon i_s-as f_s-n-mit_sat_s-il by ti_s_s- aulditi_somo o of

3 n_s_sIu_sf _s’O)lil 5 � fni_s-i_slo_sna-o-fio’ a_s-id am_sd f i_so-

n_sixtt_sno’ _s_sa.s I)lad’o-d o_sn_sa glass fib_s-n obis_s’ in_s a

_sliilil)o_sno- filter i_so_slulu-r. Ti_so’ disi- i_s-a-s u_sash_so-_si

i_s-itl_s 5 n_s_siof O’_s)ld .5 � fmic-hlona_s-_s-fio’ ao’iul at_s_si

10 nil of i_sato’r, dbfl(�ul at ;50#{176},am_si! pla_s’o-d it_s a

to _sluei_s_s--based so’in_stibiati_s on_sn_sixfur_s- fu on maui_s o-

a_s-tivity am_salysis.

oSyntiiesis of a _s’aC I’P. [�H]AraCTI � uvas

5:_s_s-n_st i_so�c’izod o-n_szy n_satically fmon_s {3HjanaC,
u-sing uio’o_sxyi-ytiilim_so- kin_saso- (9) , u1CM P ki-

n_sasc-(21), am_sdlm_stii-io-o�_siilo-dliph_s_sosp1io_skim_sai�u-

(22) . Ti_so’ nu_s’l_s’u_stidc-s u_s-_s-ru’i_sunili_s-d b�’ o’o_sl-

ut_s_si_s clono_smatognapi_sy _son_s 1)EAE-o’o-lhnlo oso-

( bicambon_sato-) , usin_sg a un_so-an gnadion_sf o_sf

tni_s-th_syian_sn_s_s_sm_siun_s bi_s’anbo_sn_safo- (0-OS .un,

pH 7.5-5.0). Ti_so- -salt u_sas no-n_s_so_svo-dby u’Vap-

u_snafjoon_s tnm_sdo-r roiltni’o-ul pm_s-sstnn_s-, at_sd ti_so- [�Hj

anaCTP ivas 5_s_s5l)u’t_sdO’d it_s 50 _s;; o-than_sool at_sd

foon_sd at- - 20 #{182}. N_s_sn_smadi_s_sac-tivo’ anaCTP

u_sa-s -syI_sti_sesiz_s-(I tisinog ti_skt n_so-ti_so_sd uvifi_s

anaC. [a-32P]anaCTP _svas l)no-Pano’ul by ti_so-

j_si_so_ss_si_so_snyiati_sot_s oof anaC u_siti_s [y-�P]ATP,
usin_sg obo-_soxycyticlim_so’ kin_sa.so-. ‘Fl_so’ [a-�P]

ama(�\I l� fonmo-ib u_s-a-s i-so_slat_sd tnnodu-n t-l_so- _s-o_sn_s-

dlitid)t_st_sil_s-si-nib_s-ilabiovo- an_sob ti_so-nipi_suos-

pi_s_s_snylato-d u_siti_s m_s_s_sn_sna_siiuoao’fiv_s A’FP, tn-smog
ib(’1\IP kin_sate at_sd n_st_so-lu-uoc’tiilo- oiij_sl_suospi_su o-

kin_saso- too {at2PlanaCTP.
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I#{176}i(/)O_s(1ti()u1 o)J l).:\r,�l . I )u-t_snttun_s-_sih)N�� _svas

ohtaii_s_s’il b� i_s_s-atin_sg a so oiutio ot_s u_sf’ n_sativu- tall

t-i_syn_sus1)NA (1.0 n_s_sg i_s_sb in 10 n_s_s_stNa(’l

an_s_si 1 .0 n_sun I1 )‘1��, ))11 5.0) at- l(X)#{176}f_s_sr 15

I-_slit_s n_si_s_s-I�oIa_sing it in_su_s_so’diatu’ly oon_siou’.lJt_suiu’n’

ti_sc-s_s_s_sot_soiiti_sot_ss i_s I_syjou’t’_s’i_st’oon_s_si_s’ siii1�t u_sf

utloioi’_s_sxin_s_sato-lY:�.s #{176}; n_st26() i_sn_s_s_s_s-ntsattait_so’ol.
1)N.-� _s-uoi_st_stit_sin_sg (_s-1l#{176}jtt!’nt(NI 1#{176}u_sas syno-

ti_s_s-siz_s ui u-nzy n_s_satit’aIly , u-smog I )Ni\. i_so_sl�-

I_s_s(’i’_siSO’ mu_sul [a-121#{176}lntn’a(“Fl#{176}mt-s 11_so-t’_s_stliuntu’fivo

sinl_s�-�t nato-. ‘i’I_so- mu-aol i_s01_s n_sixt into’ (0.5 _s_s_sl)

u-’ooi_slttit_su-ti20 �_sn_s_suolu-su_sfp_s_stassiut_s_s1)i_s�S1)I_sat_s’

(ihi 7.2), 3.() /41)10)105 u_si _\lg(l_s, 2(X) �._sg u_si

ui_s-n_sit u�_st’o-_sI1 )N�-�, 2.5 i_si_s_s_solo-su-_s_sc-i_sof d1�’Fl#{176},

ol( �‘i’I�, i_stool t i’i”i’ i �, 2.() �._sii_so il_s-s o of 2-n_s_s_stunt_sf_so-

u-II_sat_so_si,So ion_s_s_solo’su_si[a-#{176}I#{176}jan’i_s(”Fl�(2.3 x

10� _s’jon_s_s), i_st_s_sbI .2 nit_sits u_sf I� I)olym_s_s(-n’a-su’.

,i_’I_s(- i_s_sixturu-u_sitsin_s-ui_sm_st_s-tiat- 37#{176}loom 3()

ti_sill,n_si_s_sI,i_s_silo_s_s_singti_s_s-aoloiitiu_snu_si’60() _s_sg

u_sf (1(t_slttuii’O’_sl � 20 �_sn_su_sho-s oof il)’!1��

(i I I 5.0) , n_sni_si 1 .0 i_s_si uof _s_satoi’, ti_se n_soixt_son’u

_s_sn_ssI_sun_st_s-_sitt�t h(X)#{176}f_son1 n_s_sit_s.‘Ui_set’adiuoau-tivu-

h)N�� u_s-nt-sdin_slyzu-ii agaitisi I litet’of 10 n_sun

\a( ‘1i-onotaii_siiigI.0 i_s_s_snJ’h)‘FA, p11 SO, fom’

-1- I_si’, n_st_s_siti_s_s-n oovc-n’niight u_sill_s I liter oof inc-sIt

hiiflu’t’. I ) N.\ _s-ooi_stnit_sing ho ot 1_s[c_s-32P]am’a(Ji\i1�

n_st_s_si [-IiI_si(‘.\iP _svnts h_sm(-1_sm_sn(-tiIts _sio’su’ribo’_sl

_sth_sOV(’, u_sit i_s ti_so- Ioohlo_s_s_sii_sg o’I_san_sges. A.t tiu-

(‘11(1 0_sf I i_so- il_sOUl_si_st i_s_si_s u_s-itt_s h)NA� i)()hyi_s_so-nas(-,

ti_so ulo’t_snttiit’u-ul I).“�i\.u_snI”J)’l’� _svm_s.,’-ta_sldi’ib too

I1_su-i_s_sixtun_s. ‘I’l_s-_siia-lyzo-d � i_sits

_s’uotiu’u-i_stm’a.to-tito_s0.1 n_s_siI� (iialysis again_sst

I”io-o oil � oou_s_s-il_s-1’, Rt 1(1 t i_s_s- u_s ui_so-u-n_st rat_s-_si I) INA.

_s_smtstiso-ol_s�s t I_so-fu’t_s_sI)hI_stc- it_sti_seI’Pa(’tio)nln_s_six-

ILii’c- o los_s-ni 1)0-u 1 iLl_sOoVO’, 00 on_sti_sin_sirig 1(X) n_sn_solo-s

0 11. {_sH 1_sl(“I’l � (9 >< 105 t’� _st_s_s) it_s pta_s-u- of [��I )1
m_sn’a(�‘fI�. ‘I’I_su-t’-au’tioonii_s_sixttine _sva’-_sin_so-_so-

b_s_st_s-_sbmit 37(3 f_sin’6() t_s_siii,itt_sd4-tX) i.�g oof

_siu-t_satinn’u-oiI)N�A., It) �.tni_suolo-sof 1#{176}�1)’1’A(p11

5.0) , ittid 0.5 n_si uof u_sat (‘t \V(t’( uuhuiu-il. ‘lUbe

ii_sixt ti_so- u_sn_s_st1 i_s_s-i_s_siialyzo-oi uov-nt_sigbotagain_s-st

i lit_s-i’u_si 10 n_s_s_snNi_s(’l c-uoi_slmtinoim_sg I .0 ti_s_si

h’h)‘l��, i#{176}1I 5.0, usii_sg t _svo o’i_sai_sgs of’ f his

l_sitliu-t’.

I )c-n_saln_sic-tI,uon_siu’at_s-oih)N\ u_sn_s-sPro-I_saiu-(i

h_s_sinot_sio-niti_s_si_s u_st -to i_s_si ooi i_sativu- call tl_syni_st_ss

I)NA (2.0 tug/i_s_siin_slOt) n_s_st Na(�l am_sob 10

n_s_sumso_sulittt_s_s_s’itmatu-,1_sH7) 1(_st’30 mit_s at 10#{176}

iiiit-I_s �An’tu-kSoot_sit’ I)istiu’ini_snatuoi’ at-- ti_sc- i_s_sax-

it_s_s_sin_s_s (-ttit_sg. ‘i’i_sis n_sc-ti_so_sIIom’u)ditlu’u’S

fmntgi_s_s_s-cots u_sIi)NA _s_sit i_s at_sm_svu-ragu’n_s_s_sb_s-c-u-

tm_snuuu’igi_st u_sf i_si_so_s_sit400,00() (23). Ito tonic-i’ tO)

o)i)tntii_s I� n_s_sok-utilu-s u_sf_sui_sifuomn_s_s-siz_s-,ti_so-

s_son_sio’ato-oI1)NA (i4 cool) u_si_s�.uj_shitc-o’uitom_sii.

u’o_sltii_s_su_so_si#{149}S0’i)I_sn_si’uosu-fiB ( 19.4 i’n_s�)< 35 _s-m_s_s)

i_stool c-li_sic-ti u_s-it-i_sio_sotassitut_s_s i_sI_s_s_ssi_si_sibtt’buffet’,

So n_s_s_sn,toll 7.2, u-u_sn_stain_sit_sg 1.0 n_s_s_si1#{176}l)’1��.
I�’i’au-t i_sonus c-cot_st_s_si i_sii_sg 25 ml u_s_s--meco_slloi’to-d at

31)-n_s-_sit_sin_st_s-mvi_sls,101(1 tIn- ti_sm’o’u-fra_s-ti_s_smos

u’ooi_staii_sii_sg fl_so’ i_sigl_su-st als_s_sm’han_sui- at- 25(1)

i_s I_s_s u_s_s-mo’ i oo0_solo -_s1 . ‘11 i_s- j)o _s_solo-d 1) � ( 10.4 i_s_sg)

u_sit�t ioiituu-d ito a tlii_slysis au’, to_si_si-i-u_sfrat_s-oh

u_s-it i_s i’�u _shl l� u_solu’t’ too 111)_sout 2 i_s_sI, am_sib _slia-

lyzo-d agi_sin_sst50() toolu_sf10 n_s_s_sn_Nn_sCi an_sd 1.0

n-_s_s_sisooiliun_s_s t’it n’itto, p1 1 7. ‘1’I_si�s i_sativi’, o_sm_si-

cato-ub 1)NA u_sit_s� i_so’i_sto’ol at 100#{176}iou 5 ni_sim_sai_s(i

0_to_solo-d it_s_si_s_so’(Iiitt(’ly it_s iO’P u_s-i_sf_s-i’ft_s to_sin_s_sho’at-

obun_si_stun-_si, -si_sr_si_sat_s-il 1)N_-�.

L1IZ/JfliOti(’ di(Jeslion oj’ 1)�V;I . Snoako- vo’t_s_son_s

iou_s ui-ti)h_so_suiiu-sto’t’iu-c- (5.0 n_s_sg/n_sl) , n_s_si_s-t’c_sco_s_s-aI
mouu’kasu’ (1.0 n_sg-t_s_sl, 7500 ui_sits i_s_si), iti_sol

ph--i_si)i00051)b0000iiu’5f0’i’ii.S0(1 1 tin_sits,-i_s_si)iso-mo’

(l�t�O oivu_sI in_s Ti’is-ao-u-fato i_sutTon’, 100 n_s_s_si, p11

5.0. l)NA o’oiitain_sin_sg [5’-a-#{176}2PJamaCi\lP u_sits

(hgu-stu-(b t i_s _sli-o_sxyn_sui’l_s-i_ssiibi- :3’-i_s_so _sm_st0i)b_su)u�-

1)ioat -s u_sit i_s n_s_si_sit_sc-u_su-c-ab n_scot-i_s-as_s at_s_si spbo-c-u_s

1)i_s_s_s5l)i_s0_s_sliu’5tu’tit�-�_s as Oi_s’sti’il)u’_sb by ,Io�_s-sso- -

Ct (II. (24) . Alto-n’ oligo-stiu on_s ti_so- uliilc-m’_siit tb--

ox�-’n_suu’l_s’_s ot iilu-s u_so-to- su-pai’afo-d by u’i_sr_s)-

t_s_si_stogm’a�_si_sy 0_si_s a i-_s_sb_s_si_s_sm_s(0.63 c-�_s_s2)< 52 c-i_s_s)

of 1)o_su_s_s’x iO-X4, i_s_sin_s_sn-s400 n_s_so-_s-i_s,tusin_sg 0.2

i_sni_sn_s-_sn_s_so_si_si_sin_s-_sfooin_s_satt-, iou 4.1 , as ti_so- _s’lt_su’n_st

(25). IilLd’ti_s_sii t’o_si_sti_sii_sin_sg 2 n_s_sl u_s-u-re (‘0_si-

I_set_s-_sb at 5-n_s_sii_s ii_sto-rvals itt_sub itS5�1’_s’c-(b loom

n’lt(biu ui_sot ivi t y n_s-n_sd nibs_s _smbam_st’o- at 257 ni i_s_s.

IOESU LTS

Alfl(tiC St_sU/ie5. Ti_so- o-flo’ct u_sf i_sna(’Tl#{176} on

t-i_s_s-nato’ of ti_sc-1)N�� i_s_soi�m_s_su-m’as_s-no’ac-tio_sni_s_s

f i_so- i_sn.o’-so’i_so-o‘ 0 01 (IdiOm_st of c-(_si_so’u-n_sfmi_sti_sin_ss u�of

[3H] i’V’11 P i-s si_s_so_s_s-i_sin_s l”ig. 1. Ti_so- unto_s i_save

b-u-m_s plo_stto-ol aioooi’ding to ti_so- I_s_s(ti_sOJ(l of

Lii_su-u_so-avi’t’ an_sol Bui’I� (26). ‘l’i_su- inol_sibitioni -

11)1’ob_sic’-ol h� n_si’a( “I�P u_si_si_so-a_sod too_st too he
to_st_s_spot it-iv(- 0_si’ t_ston_soo_st_s_spo’tit ivu- u_s-iti_s ru-spout

too [3111o1’i1tfP, hut u-uoi_s_si_slo’xin_sn_sattiru-.‘li_se

al_si)ai’u-i_st Ii’l_s_s�f_son’ [I1� l’1”F P O_sI)tait_s(_sb front

ti_siii_si_sot-_sva .5.0 -i 0.5 �._s_sn.

‘11h_sethu-ut oof ai’i_s(”fi>u_st_sti_so’t’u-itc-tioi_smate

it_s t i_s(_ � _si._s’-st’t_s_s’u- 0 Of oiiffo-i_s -i_st u-_s_si_so’um_stmatiu n_ss c_sf

[3H1_sl( “VP i-s si_s_sos_s-i_s u_sl”ig. 2. ‘Fl_so- im_sl_sibition

i�t’oi1_sn_s-c-d I)\’ i_si’a(”I’P _stp�_suiti’u_si too he u’u_sn_s-

I_sc-titivu’ i_s-iti_s no-si_sc-ct too [#{176}HJul(”UI�. ‘Fin_s it!)-

I)ltt’ut_st i_s:-_s_s,i_s_sn’[#{176}iIIol(”I’P u_s_its 2.0 ± 0.5 �._s_sm,
i_stool ti_so’ iti)i)_sti’(i_st i_s:-�i_s_sn’i_si’a(”FP u_s-a-s 1.5 1

2.0 u_si. i�_sti_s ti_s_s ttI)i_siti’_si_st K_s_s_sn_si_sibK� valtu’s



(S’.5M dTTP_s

ARABINOFURANOSYLCYTOSINE 5’-TRIPHOSPHATE AND DNA POLY_sIERASE 365

FIG. 1. Effect of araCTP on reaction rote in the

presence of different concentrations of dTTP

The reaction_s mixtume (0.1 ml) con_stain_sed 4

� Mn_soles of potassium phosphate (pH 7.2), 0.6

� �mo1e of MgCi_s, 20 14g of denatured DNA, 5 nmoles

cad_s of dATP, dCTP, a_s_sd dGTP, 0.05 unit of

DNA poolymerase, and the in_sdicated con_scen_strus--

t-ions 0_sf 1#{176}H]dTTP (1.2 X io� c-pm) and araCTP.
The n_sixt-ure wa-s in_scubated at- 37#{176}for 10 mit_s an_sd

assayed a.s described un_sder EXt’Eiln_snENTAL i-_s_so-

CEDURE.

of dCTP and araCTP, ro’Spc-ctivc-ly, _sv_s-no-

similar to those r_s-porti-d by Funth an_s_si

Cohoi_s (15). TI_so- aj_sparo-m_st � f_s_sn tho’ ro--

actiom_s usim_sg [#{176}H]dC’f1� as f-ho- radii_sat-f ivo-

substrate is-a-s about- 340 pmoles/rnin/ mg.

Ti_si’ o-ffecf (of dCTP i_sn_sthe rc-ai-tion rat_s

in thi- presem_si’o- o)f uiiffero-n_st conc-nt rat ic_sn_s-s

of {3H]araCTP i-s si_si_s_s_s-n_sin_s Fig. 3. The it_si_si-

bition produced by dCTP appearo-d to_s be

- competitive witl_s ro-spi-cf to [3H]araCTP.

� It- should ho- noted f-hat f-I_se amo_sunt of DNA

polymerase used in_s the ro’act-ion mixture- i_s-as

about 6 times greater thai_s the amoun_st c_sf

em_szyme used in Figs. 1 at_sd 2. TI_se appano-nt-

Km for [3HJaraCTP ivas 2.0 ± 0.5 i_st, ai_sui

th_s- apparent K1 b_sr cICTP is-as 7.0 ± 2.0 �ui.

The apparo’m_st Km value of [3H]araCTP it_s

Fig. 3 was similar to the apparent K1 value

of araCTP in_s Fig. 2. In_s f h_se case of dCTP tho-

appanem_st 1s-:1� vabu_s- of Fig. 3 i_s-as abo_sut- 3

tin_so’s gn_s-at_s’n ti_sat_s th_s appar(’m_st Km vabu(-

oof 1ig. 2. The apparent l’,,ax fi_sr th_s- neac-tiot_s

tisim_sg [�H]anaCTP a� the radioactive sub-

-ttrate _svas 40 pmoies/mim_s/n_sg.

Template studies. TI_sc ti’n_splate requiru --

n_s_sem_sfs fi_sn anaCTP inhibitiom_s i_sf ti_so’ DNA

jo_sl�m-nasc- reaction_s usim_sg {3H]dTTP as ti_si-

nadioac-tive substrate are sho_s_svm_sit_s Tabio- 1.

At a -i_sn_scentnationi of 20 _s_sn araCTP pm_so-

duc_s-d about 60 07� ini_sibitio_st_s i_s-h_s-n_sdo-moattino-il

DNA i_s-as USed as the ti-n_splate, but n_so ito-

I_sibition_s is-hen poly(dA-dT) is-as us_s-d a-s ti_so-

fomplat(’. Sin_see theno’ i_s-as i_so ib_s-to-c-tabio- im_s-

_s-orpu_snatiot_s c_sf [#{176}H]dTTP in_st_so p_s_sly dC:
pc_sly dG, fl_so- -ffo-_s-t of anaCTP o_smofl_so’ nt-a_s-ti_s_sn_s

usimog this to-mplat_s’ i-s un_sknoou_s-m_s.

1/s (So_sM dCTP)

Fm. 2. Effect of ara-GTP on rca_s-tin_s_s rate in the

pre.se_s_sce of different concentration-c- _s_sf(ICTP
The react-ion_s mixture (0.1 i_s_sI) contain_sed 4

_s.Ln_s_s)les oof pota.ssiun_s phospl_sate (1)11 7.2), 0.6

pm_s_sIc of INIgCI_s, 20 _sng oof den_st_st_sine_si DNA, 5 n_sn_so_sIc-s

each u_sf dATP, dGTP, an_sd dTTP. 0.05 tn_s_sit _sf

I)NA p_s_slyt_s_serase, _s_snd the in_sdicated (‘_son_scen_stra-

tioo_s_ss _s_sf 3II}dCTP (1.2 >( io- cpn_s_s) u_sn_sdaraCTP.

The mixture was in_scuhated at 37#{176}f_s_sr 10 n_s_sin_su_sn_s_sI

t_s.ssavedas described um_sder EXn-En_sIMENT_sL ti_s_so-

CF.DU i_sE.



- [a-�2PjaraCTP as fl_si’ radioactive substrate

i_si_sub ulo-n_satuno-ul DNA as fl_so- ten_splate. Ti_se

. [32I�JI)X% _sVitS dig_s-sf_s-ui wit-I_s n_sic-rococcal

- i_suc’lc-i_ssc- a-i_sob spit-c-i_s 1)i_s(_ssphoubic’sterasc- to

� I’ d_s-ooxym_suc-bo’osioi_s- 3’-m_s_so)n_sopI_su_ssj)i_sates, at_sd the
� dCTP 3OpM ,,‘� rauiioa_s’tivity in_s f-i_so- vanic_st_si-t m_suc-leo_stide fnac-

� 04 tioon_ss uvt_s_s� a-ssayoul (Table 3). It_s fi_sis ixperi-

� ti_so-n_sttI_s_s#{176}2P_som_sti_so-S’i_sycimoxyl group of

� #{149} amaCi’_slP et_sds UI) Ofl ti_se 3’-I_sydroxyl group
-� - / of tb_so- t_stit’itO)t-i(iO’ m_so’igl_sbi_sr it_s fl_sc’ DNA. f_s-n_s-
� 0 3 /��/‘ plafc- fu_sibowit_sg em_szyt_s_safic digestion (24).

� S dCT _sO_si_s’l At_s o-quitl an_s_so_sum_stof raulioao-tivifv was pnes-

� __,,/ t’i_st il_s fl_so’ :�‘-cI’I’1\1P i_si_sib 3’-dAl\IP fractiot_ss,

� 02 � a sm_s_sail_sr an_s_so_stun_sfo_sf ma-iii_s_sao-fivify u_s-as pres-

� /_‘_‘ o-mit il_s f-i_so’ 3’-(l(:��;1:\I1� fiat-ti_s_sit, at_sd a v_s-ny lois’

� 7,,,,, 0 am_s_so_s_sit_sf \Vit�t pr_s-so-i_st i_s_s ti_sc- 3’-dCl\IP
� S �/ ‘#{176} dCTP fra-tio_sn_s.

-�_- o� - 7 1�i_su- i’at_s- (of 0’_s)i_sVO’i’Si(Ot_s 0-_sf {32P]an’aCli\IP

am_s_si [�Iijii(’#{176}_slP it_stoj fl_so- ao’iul-solublo- frac-tiom_s
�._-:;�� i�i’_s_st_s_s1)NA by sm_stik_s v_s-n_s_s_sn_si_sI_sc_ssi_si_sodie-ster-

/7/ � - a-so’is sb_s_s_sunin_sFig. 4. lu_sfl_si-sfigtirc-th_s-ii_s-
-0 5 � � � � � Te#{176}- �#{176} i’o_sn’p_s_srafio_smo 0 _sf� {32P]an’aC’IFP in_stoo do’n_safureci

/� S-�M C - I)XA uvtt fi_s’f catalyzed by I)XA i_siol�n_s_s-r-

F� no� . :t . I!.’JfH-/ u_sf _s/( ‘J’/) a_s_s reaet i u_s_si rate i_s_s ti_se a-so- , i_sohlo i_s_s-u_si by f ho’ im_so-comp_s_si’atiot_s _s_sf [�1Ij

pr(-.�o-iu(-u u_s.f d_sJfrre_s_s/ -o_so-entr_sit_soii.c- i_sf araCil’ ib(’lI’ I � it_st_s _s I)1\_-\. S�_s�_sk_s- vu-u_son_s_s i-s at_s o’xo-
‘i’t_so’ ru-u_so-I _s_s_s_s_s i_s_six_s u_s-_s I_st_s_sit I_se san_so- o_s_si_s_spo_ssiti_son_s m_suu-i_s-a-s_s-t h_sat at tacks DNA at ti_se 3’-i_s_sibm_sx_s-l

u_st-i i n_s F’ig. 2 - exo_s-p_s t I_s:_si i n u-_si_s_si _si_s_sc-(10.3 inn_sit _sof . . -, ‘

- - - c-i_s_si i’o’io’�_ssim_sg iouo-lu-iosido ; -n_s_s_s_sn_sc_spl_so_s-s�_si_sati-s
I oN A 1)_s_si\n_s_s0_s�1S_s u_s_s_s_sii i_so-n_s_s_si_s_s-a_scot u_so_s_soc-n_sina- -

0 _s(_s_s_s” 0_sf � �I I � i_s t( I J) (0_s_so X 10� _s to_s_s_s) tn_s_std( 1 P (2 a) It -ti_si_so_sil0 (1 ti_s_�_st[_s1�jaraC \II� i_sa no

‘Fl_so- I_s_siX_s u_sn0� \\t_s5 i _sitt_st ott_s 0(1 u_si 37 #{176}f_s_sr 3() I_s_si n_s a_s_s_si lo’asu’_si n_soito’ i’apu_sbly f i_s _st_s_sD1\ �\ f han [ 11]

u_sssu_syu-uI ut_s-� 0 jo’s_s nj I _so-_sI u_s_s_soto- _s- � x _s- Fui_s_s_snFt N ru. n-n_sou_s-i� -

_s0 I _s_s E - ‘1’��t_s_s�E I

i’_s’ii_s /)l(t to 1(_sJ_si i i-_s_silo-_si t.n� Jo! (1 _s-_s-i(’ T1� iii 1_sl bitioi_s-

‘fl_si- _s’c-u_so-_si_s_sn_sn_s_six_s_s_s_so-(0.1 i_s_si) cu_si_stu_sin_seol 4

�_sn_s_suoIo�s u if i#{176}#{176}-#{176}’assi inn_s_s � si_si_st_ste (i�1 I 7.2 ) , 0.6

j._s_snolc- u_sf NIgC1_s, 5 n_s_s_s_s_soleseu_s_si_s u_sf _sIATP, d(�TP,

dCTP, a_s_s_si [�I1 h l��i”i’ P (1 .0 X 10� cpn_s_s ) , 0.05 un_sit

_s of I)iN�� i_so _siyni_sc-_s’u_sso’ , 20 jig u of c-i 0 I_so-n’ole_s_satnrc-il
IJN��, i_s_s_sly-(�1.-\-_s�i’T’� i_sn-t#{176}��’yt1(�:pu_sly oi(�, as in_suli-

(t_stOOi ,u_s_s_s_sit i_s_si n_suit-u_stout c_su_s_sc-c-_s_stru_st i_son_s_sof ara(�’FP.

‘�1’I-_so-n-_s-_six_s_stn’o-\\-uts i_s_st_s_si_sut_stti u_st 37#{176}f_s_sn10 lain_s ui_s_sd

assayed u_s-s_sIes_s-_s’il_sedi_s_side_s i�XPE_s_s_s mENTAL Pu_s_sc-Itt-

D n ti_st.

‘J��’i_su- t_s-i-_s-_siolt_sto- i’_s_sit_simcn_s_so’i_sts f_sot’ [�I11

nti’a(1’1�i�in_so’_s_sn�j)_s_si-ati_sot_sioavu’h_s-_s-n_ssfu(iio’iia-tool

o’con_s_spt_sm’u-_siu_sitlotI_so-toni_splat_s i’u-quino-ni_so-n_st-s

f_uot’ � 1#{176}l’i”i’ I � u_si_s(1 [�l-Ij_s lC’’I’ I � in_s_s_s_sn’p_s_smat i_s_si_s

(‘11u_sbl_s- 2). \Vi_so-n_s [:31110 l’F’F P u_stool u1ATP us_sr_s

ti_so- simhstt’u_s-t_s’s, :t1110 i’r’r i us-u_s-s im_s_s-_s_sr�)uora-tu-_sb

i i_sf_s 0 �_s0 _sl;’_s-(ii.-� -_si’f) am_s_si, f_s_s u_s loss_s-n’ oxfo’tof

it_st_sooiu’i_st_sttnm’_s’olh)N;�, hut i_s_s_stin_sf_s_s�ooiy il(.’:

100 oiy oi( ; , \Vli_s -n_s [1Hi_sl( ‘‘I’P u_st_soi cl( ‘F P i_su-i’e
ti_so- sinhstn’u_sto’s, f�FIjo1( “UP uva it_so_simp_s onafo_si

it_st_s_s i_s_s_slyul(’ : ��oly ol( u_st_s_si,t_si it loss_s-n_s-xtu’nof,

it_st_so oion_su_sttit’o’oi I)1”-_\, hut m_suofinofoo p_s_sly

(_siA_-ol’F) , Sin_s_silt_sm’ n’_ssults u_so-no- _sohtain_so-ol u_si_so-i_s

{:iIllam._s( “l’P i�_st_s_sld( ‘h’P u_so-mu’ ni-so-il as s_sib-

st tat 0 �-s , 0 X_s’_s‘JOf t i_sat n_s_s_som’_s- [��Jj Ju_si’_s_s(�’fI � u_s-a-s

in_so-_son’io_s_si’ato-_sb it_st_so du-notttium’_s’_si l)1\�� fl_sat_s it_st_si

l)_s_sl� _si(’ : 1)_s0i� oi(’_s.
-llilIl!j.’ti.’- (_s.I�1)�V_-�_s /ii_sJ(/U(t. l)XA habo’l_s’ul

u_sit h {a:_s_si�t_s u_sC :#{176}_sI h� uuas syn_sfi_s_s’�tiz_s’u1 c-ti-

zyn_s_satio-t_slhy usitlo I)NA jo_s_shyn_so-n_s-su-,usim_sg

1en_sj_sIaic

p_s_s_soles

1)_s-_s_sn_so_sc-ui I)NA No_s_s_se 56()

Dc_s_sat_sir_s-_si I )N.-\ Aru_sCTP (20 u_sn) 210

Poly(dA-_slT) No_s_se I100

PoIy(dA-_slT) A_saCTP (20 �._s_st) 1109

P_s_slyui(’:p_s_slyd( ; N_s_s_s_se <10

15_s_slydC: i��’Y d( AraCTP (20 p_si) <10

366 iti_sIHA_sit) L. MO_stI’._si(LER

3H]_sIF’I’P
.�(I(titi(O_s_s incorloo-

rate(I



TAn_sn�E 2

Template req_si ire_s_s_seats for ara(’ TP incorporation

TI_se react i_s_sn_sm_s_six_suro’ (0.1 n_si) con_st-nine_si 4 tom_soles of potassiun_si pI_s_s_ssphate (p11 72) , 0.6 p_s_s_s_s_sic_s_sf

MgCi_s, an_s_si20 _s._sgof either den_st_stured l)NA, poly(dA-dT), or p01)’ dC:polv dG, as i_s_sdicated. \Vt_sere
indict_sled, 5 n_snn_soies eu_set_s of [tlii_s1TTP (1.0 X 10#{176}cprn) an_si! dATP an_so! 005 un_sit u_sf I)XA p_s_siyni_so’ruo.se

were added t _s_s t he ni_sixture, whio’I_s then_s was in_scuhate_si at 37#{176}fo_s’ 10 mm_s. WI_sc-re in_sdicu_sted, either 4 n_sm_s_s_soles

0_sf [#{176}I-Il_s1CTP(1.1 >< io:t o.pn_s-_s)u_sr 0.1 ni_s_s_sole _s_sf[tHlaru_sCTP (Oo.0 X l0� c-pin) plus 5 to_s_s_soles o_sf d( FP u_sn_s_si

0.1 un_sit u_sfi)NA j_s.oiyn_s_serutseis-c-neaddeol too ti_so-mix_s_sire, f_silo_sos-edb�_s’in_s_st_sbatiton_sat 37#{176}f_s_sr30 i_s_sin_s.TI_se

an_s_s)un_st u_sf in_sc_sorpu_sru_st i_s_sn_swuts assayed us deserii_se(i i_snider ux _s-EntnMEN1�_s, _s_s_s0_sCN_s_sUi_sFt.

Sul_sstrates

i#{176}HIoiTTP+ dATP
[3H ioiCTP + d( ;TP

[‘H]AraCTP + oi(�TP S ± 1

20 ± 20

50 ± 20

100

80

� 60

0
ci
4

� 40

0
z

U4
20

5500

:3,300

5100

540

ARABINOFURANOSYLCYTOSINE 5’-mt PHOSPHATE AND DNA POLY_sIERASE 367

‘fAI_sn�F: :3

P�_s_sZf/ii_s(itii diqe.s-tion of Li_VA lab_stud i_sit/_s

Ittp]ara( ‘.1!J) b!J � i_si_s)_sOiC(Il F_sU(lcCl_s(C

a i_s _sl spleu-n ph_ssspl_sodio-stotroi.sc

1)NA (30t) Jhg) _s-uo_s_stutin_sintg [32PlarutC�IP (1.6 X

10� ci_sn_s_s) _svu_su_s_siige_s_steol Wi I I_s n_sic-ru_sc_s_soot_si _s_st_sclo’ase

a_s_sd spleen_s i_slou_ssii_sooliesteru_sse as tic-scribe_si by

Josse et at. (24). After oiigcstiuon_s ti_se n_s_sixture uvt_ss

placed 0)_s_s u_s u_s_sinai_s_s o_sf i)o_swex 50-N�4, n_s_sin_s_s_ss4(X)

r_s_sesh (0.63 cr_s_s2 >< 52 on_si), u_sn_sdti_se deoxyn_suclo’u_ssi_sie

3’-nooniophos�_sI_suttes were el_site_si is-it i_s 0.2 un an_s_sn_s_so-

n_si_sin_sf_son-n_sat-c-,jot! 4.1 (25). Fracti_so_s_ss cu_s_s_stu_si_s_si_s_sg

2 n_s_slWCi’(’ cu_siiu’o_sed evo�rv 5 n_s_sin_s u_sn_sot assayed f_son’

rt_sdiuoac_sivitv.

1’otal
i-’ractiuon_s radi_s_s-

activity

I )e_s_sxyt hvn_sidi n_se3’-n_s_s_so_s_so_si_si_s_sosl)hate

1)eooxyguan_sosin_sc 3’-n_so_s_sn_s_s_s�ol_su_sspiou_ste

i)eo_sxyu_soien_s_sosi n_sc- :3’-no_s_sn_su_sj_sI_su_ssphu_ste

I)c-oxyeyti_sIin_sc-:3’-_s_s_son_suoph_sospI_sate

cp_s_si

dCl\IP by ti_so- -sm_sak_s’ ye_s_soon_s ijI_si_sspiio_sobic-sto’r-

ast-.

Incorporation st-u(lies. It_s Fig. 5 is si_s_s_si_s-i_sa

comparisot_s o_sf f-ho- il_so-o)i1)onatioi_s 0�_sf [3HJ

araCTP aI_sul {t�Hjd(�’1’l� in_sfu) dem_sattir-cb, Si)I_s-

icat-_s’d 1)NA i_srifi_s respo-ot to fin_so-. TI_se

inconporatio_sm_s o)f [:_sHJ_sJCTI) nc-ac-i_sc-ui a plateau

withit_s 7 mini (Fig. SB), is-I_sc-ru-as ti_sc- ii_sc_sr-

poonat i_s_sn_sof [:_sH}araCTI) ro’acl_s_s-d a p bat c-au

at about 30 ni_sin (l’ig. SA). TI_se nun_s_sbc-ru_sf

rn_s_sic-c-nh-s o_sf [3H]cICTP incorporated it_st_s_s

I_s-n_sjoiatc ttCtiViiv

I>u_si)-(_sI.\-oil) 1#{176}_s_sly_si(’�_s_s_sh-d(;

p_s_si_sitesz_sz_siirp_s_sr_sited

700 ± 20 <1()

<10 410 ± 20

<1 3±1

P� �-��i:�::- �-

- � � 7 . � h--.

�

//��
32ParoCMP

2 � ‘ /1 :�o
TIME (mn)

F_so;. 4. Enzy_s_suitic digestio_s_s- of D.\’.4 lobule_si

wit/_s. [:_s_sJ)j(ira(131p an(l [311]_siC.TIP l_s!J 5_s_s a/C re_s_s_so_si_s

pho-s-ph(_s_siiesterase

The nc-ac-ti_son_s r_s_sixtt_sre (0.5 i_s_si) c_s_sn_stutin_seoI 25

�in_soies u_sf Tnis-lICl (p11 8.0), 5 _s_sn_so_s_siesu_sf �‘oIgCl_s,

220 ug (of DNA latoeied us-i_si_s[T2PJt_sra(’sIP (4 X

10� c-p_s_si) an_sd l3iI1d(�-IP (1 .2 X 10� c-p_sn) , u_sn_sot25

_sig 0_sf sn_stoke yen_s_s_sn_s_sI)I_s_sosl_shu_sdiestenu_s.Se. TI_se i_s_six_sunre

ss’It_s in_soui)t_steoi _s_st-37#{176},ut_s_sd 0.05-n_s_sl aiiuiuuotu_s uu’ere

ren_s_sovcol at the ti_si_sc-s insiiicated. After tI_se addi-

ti_sot_s _s_sf2() �.ig u_sf un_sit_si_sc-led 1)N.\., the acid-in_ssolul_sle

rut_stiuou_s_s-tivity was u_s_sosaye_si as _si_sscnibeoi inn_suier

EX_sEit_sMFtNT._sL n’lttOcEi_sUi_sFt.
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40

TiME (rn_sn)

F_s_si. 5. I_s_so:orporati_s_s_s_s- of ar_si(-’TI--’ an(l (ICTP

u_s-I_s_sole_s_sat_s_srcd, .sonicatcd 1)_VA

The retto’tiuoi_s _sr_sixt_s_sne (0.1 i_s_si) (‘on_stainoed 4

u_s_s_s_soles u_sf l)_sott_stt_ssitil_s_s ph_s_ssphu_ste (i1! 7.2) ,
�n_s_s_s_sk of \IgCi_s, 2t) _s_sg u_sf den_sat cored, s_son_sic-u_stc-ti

I)NA, 5 n_si_s_s_solesc-ac-i_s of dATP, _si(iTP, an_sd dTTP,

u_sn_so!2.0 units u_sf 1)NA po_slyn_serase. TO) mixture A,

1(X) iou_s_soles tof 1311]art_sCTP (3.2 X l0� c-p_s_so) is-c-ne

t_s(ide_si and too mo_sixturo- B, 1(X)0 i_sri_s_solesu_sf 13IIIdCTP

(:3_S x 10� (‘p_s_si). Ti_se mixture was inocubated u_st

370 four t he t in_s_so-s i_s_silica_s c-_si ton_s_si assayed as (Ic--

scrii)0(I u_s_suer Exn’_s-tntn_snENn-uL _s’it_s_sCEI_sURE.

_sbo’noafttreui, -soon_si_s-af_s-d I)XA at if�t plato-au

ic-vu-b _svas abotnf 10 fin_so-s thu m_sun_sbo’r o�f mo_sb’-

c-ulo--s oof [3H]araCTP im_s_s’o_srpo)rato-ui at it�$ i_sla-

to-atm ic-vu-i. Astin_sim_sg fl_sat n_so_s-sf- of f-i_sc-

(lc-m_satumo-ib, s_s_sn_sic-at_s-il i)NA u_s-as -sii_sgiu’-

stran_sdiul iviti_s ‘‘I_sairpin_s’’ h0000J)u (25) , it u_s-as

u-fin_satu’ii ti_sat it_s fho- n_s-ac-ti_son_s n_sixtture c-_s_sn_s-

taim_sim_sg 20 jog 0_sfI)XA fl_st-ru- uvo-ro- ab_sotit 100

I)fl_s0_sii’S u_sf DNA. Ti_so- i_sun_sb_s-n u_sf n_sooli-_s’uio’s
i_sf I1HIdCTI � imoo-o_srpoorafo-d i_s-as gmu-ato-r,

u_si_so-n’o-as ti_so- n_sumb_s’r _s_sf n_s_sh-c-_sui_s-s oof {�IT]

araCTP ino_s-orpoorafo-oI u_s-as li-s, ti_san_s ti_s_s

i_sun_sb_s-n u_sf DNA n_s_sooio-o’tih-s pro-so-i_st il_s ti_so-

n_s-at-f iot_s n_sixtiuro’.

1_siSCUSS1ON

Sinco- amaCTP _s_sa.sro’joo_smtc-ob to_s bo’ a pot on_st

it_shibitoom u_sf rnan_srnaiiat_s DNA po_slymo-ra-su

(14, 15), it isas c_sf in_sto-r_s-sf too study in_s more�

do-tail ti_so- im_st_s’rai-tiono-s 0_sf thi am_st-imo-tabolit_s

svitl_s the I)olymc-raso’ _s-m_szym_s’. Ti_s- n_s-ac-tic_sn

o’atahvzc-d by DNA po_slymu-rasi- is _s(_smI)lO’X, -

mo-(�uimim_sg the prc-so-moo’o- _sof f_s_sum diffc-ret_st de-

o_sxyn_stu_s’b_s-o_st’tiubo5’-tmiph_so_sspi_saf_s-s , a (-atio_si_s , and

a DNA to-n_spbat_s- witi_s available 3’-hydroxyl

groups _s_si_s i_si_so- c_sf ti_so’ stram_sds of th_s- DNA

dui_slo’x (25) . In_s a j_sr_s-vio_sus report- broom this

laboomato_smy it _svas d-mi_sn_sstrated that mam-

mahiamo 1)XA I)olYm_sras_s- o-ould -atalyz_s’ ti_s_s

im_so-o_snI_so)nafion 0_sf araCTP in_sti_s DNA, at_sub as

a no-st_sit u_sf this iI_sc-o_snpo_snatio)r_s termim_satiom_s oof

cI_saim_s gm_so_s_s-ti_s appar_s-n_stly oo_s-curni’d (16).

Usimog 1)NA pi_slyn_so-raso’ I fron_s L. coil,

Atkim_sso_si_s et at. (17) o’o_si_suirm-d ti_so- oobso-rva-

tiot_s ti_sat anaCTP o’o_sului at-f a-s a ci_sait_s gnc_sistl_s

f_s-rmim_saton. In_s fl_si-s papo-r kim_sc-ti_s am_sd tem-

1_slat- studies furt i_so-n -tuj_sj_s_s_srt f-ho- I_sr_s)po)sal
ti_sat I)NA i)o_siYmo-nasc- o-atabyzes ti_s_s in_soon-

i_s_snati_s_sn_s0_sf anaCTP in_sf_so 1)XA am_sd ti_sat this
inoco_srpooratio_sn_s is i_so_sf duo- to) -o_sm_sfamin_sati_son

u_sf ti_so’ c-n_szyn_s_s’ 1_sno-i_sarafiu_sm_s i_s-itl_s tenmim_sal

decoxyn_su_s-io-o_stidyif ran_ssfo-raso- (29) . Ab’ti_s data

ar(- i_sr_s’s_s-n_sf_sd ti_sat- arc- o’on_ssi-sfc-tot ivith the

pm_s-vi_s)us obso-rvafio on_st I_sat anaCTP pno_sduc_s-s
to-mn_sim_sation_s u_sf c-i_sam_s gm_s_s_s_s-ti_sin_s f-i_se- DINA

Pu _slyn_so-ras_s- n-a_s’tio on_s.

Ti_so- kin_sc-fit’ data _s_sbfait_so’d u_siti_s DNA 1_s(_sl�’

mo-rasi- 1_savo’ boo-n_s sun_sn_sanizi-uI in_s Tablo’ 4.

Tho- sin_silanity in_s fl_so- apj_saro-m_st K,� valu_s-s oof

ICTP am_sd araCTP am_sul flit- _s-omp_sfitivo

im_si_sibiticom_s _sbs-nvo-uI b_s-f u_s-u-u-i_sfl_si-so’ ti_si_s ton-

ob_s’otid_s-s (Fnigs. 2 am_sub 3) stnu_st_sgly suggo-st

ti_sat bo_sti_s d(1TP am_s(b araCTP compo-to- for

tho’ same o-ataiyti_s’ sit_s oof I)NA polymerase.

Houvu’vo’m’, ti_so- al_si_sam_s-n_sf 1_st,ax for dCTP was

abo_sut S timo’s ti_sat f_s_sr araCTP. Ti_st-so’ ilata

suggo-st ti_sat, ovum_s ti_so_sugh dCTP at_sd

amaCTP i_sad abootuf ti_s_s samo- bii_sding affin_sit�-’

f_son ti_so- o’atalyfi_s’ situ- _s_sf I)XA polyn_so-ra-s_s-,

ti_siu� o-m_szymo- o-afalyzocb ti_so- f_snmatiiom_s o_sf a

T._si_siE 4

S)_s_snnlar// _s).I�li_s_set_sc (lata

Sul)strate Ajoparent Aj)parent

/�i�I! /nnoles

_s_siin_- _s_si�g

dTTP 5.0 ± 0.5 930

tICTP 2.() ± 0.5 340

AraCTP 2.0 ± 0.5 40
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i_si_s_s_sspI_si_sdi_s’stor bot_sd b_s-t u_s_s0 -n_s anaCT P an_sub
the 3’-fo-mmit_sai ibo-oxyn_suu-leoAiub_s’ iii the DNA

tempiat(- at a m_s_stuo-i_ssio_suvo’r nate ti_sat_s cICTP.

Data fr_sin_s ti_si- fo-n_sphat_s- studio-s suggo-steub

that ti_se rnan_smaiiam_s DNA pooiyn_so-nas_s- i_sa-s

the c-m_szyn_so- im_sv(olvo-ub it_s ti_so’ it_sc-(_srl)orafi(_sn_s 0_sf

araCTP in_st_so DNA, sim_s_s’u if app_s-arc-il ti_sat a

\Vat-scn_s-Cmic-k baso--pairim_sg n_so-_s-i_sam_si-sn_su_s-as

in_splicated it_s ti_so--so- reactions (Tabio-s 1 at_sub

2). AraCTP did too_st imoh_sibit ti_so’ I)NA i_so_sly-

mo-naso’ no-a_s-ti_s_sm_swi_so-i_s i _siy (dA-dT) u_s-as

uso-d a-s ti_se f-n_sj_siafo-, an_sd ti_si n_suo’lo-ofiuio’

nti_saiogu_s’ is-a-s im_so’o_srpo_snatc-d inoto poly (IC

P01Y dO, buf toot im_stooj_su_sl�(iiA-uiT).
Am_salysis u_sf ti_so- i_sn_s_sd_si_s-f-suobtain_si-d fr_s_sn_s

DNA labo’iu-d wit 1_s [�2P]ana(’ #{176}_sIPf(_sllc_suvin_sg

o-m_szymatio’ digo’stioon_s u_sith m_s_sicno_s-ocial t_su-

u-l_s-asc- am_sd splc-_s-m_s i)h_si_sspi_soo(iie-sto-nase mdi-
cat_sd ti_sat ti_so’ n_sammaliam_s 1)NA �_so1yn_serase
(i)Uid cataivzo’ fl_so- fi_srmati_s_sn_s of a pi_sospi_sodi-
u-st-n bc_st_sd ho-two-_sm_s araCMP and c-ac-I_s c_sf the

four dooxyn_suo-lo’i_stido’s pm_s-s_s-nt in_s the DNA

template (Tabl_s- 3). It is _siiffieult to im_st_s’rprc-t

thc- signific-ai_so’_s’ o_sf flit’ 1_s_s_s_samcoum_st of radio-

activity Pni’so’t_sf in_s ti_so- 3’-dC\IP fnactiot_s as
compared t to ti_s_s- o _sti_s_s-n 3’ -du-oxynucleotide
frao-tio_sm_ss, sit_sc-u’ ti_s_s-ro’lativc- amoui_st of dCIMP
_s_s�ifh respect t(_s the o_sth_s-r deo_sxyt_sucleotidc-s

at ti_so’ 3’-termin_sus of ti_so’ neplicatin_sg I)Oiflts

of ti_so- d_s-m_satt_sno-d DNA template is um_skm_soi_s-i_s.
TI_so- (bat-a si_sos_sn_sin_s Figs. 4 at_sub 5 aro’ c-i_s_so-

sist-o’n_st ivith ti_so pru-vio_sus ropi_snt-s f-hat

araCTP acts as a chain grow-th termim_safor

in th_s- DNA j_si_slymeraso- no-a_s-fit_st_s (16, 17).
Sii_sc-o� chain elongation it_s ti_s_s- r_s’ao-tio)no c-at-a-

lyzed by DNA pi_slymenasu- tako pha_s’c- at

the 3’-i_sydrox3’1 end u_sf thu- prim_s-n stranod u_sf

the I)NA to-mplate (25), u_sno’ isottld o-xpo-_s-t
that those moucieotido-s im_sc_s_srpo_smato-d ba-sf-
should be ro’lo’as-d fin-st fr_s_sm th_s- I)XA to-n_s-

plato- by em_szymatic digo--stio_sn_s is-itl_s si_sako-
vet_so_sm pi_sosi_shodic-st_s-ra.so’ , an _s’xonuc-lo-aso’

ti_sat attacks ti_sc- 3’-hydnoxyl _s-m_sdof po_shyt_stu-
cleotides (27). In the o-xperimet_st sho_suvm_sin_s
Fig. 4, [32P}araCMP was ro-beaso’d mono-

rapidly ti_sam_s[3H]dCMP fr_s_sm DNA by sm_sake

venom pi_s_s_sspl_sodiesferase , o-vet_s tI_sougio the
[32P]araCMP was inc-orpo_snated i n_sto 1)NA

before [#{176}H1dCMP. Ti_so- DNA ivas moo_st co_sn_s-

pbt-teby i_sydrobyzo’d by fl_se sm_sako’ v_s-i_son_s

pho_sspliodio-sto-raso-, appareu_stly b_s-c-at_s-so- of
inactivatioi_s o_sfti_si-s _s-i_szyme during ti_se u_sc-u-
batio_sm_s po-rio_sd. Alt I_s_sough_stI_sis experimo’m_st dc_s_s-s

I_sot tint’quivo_so-ally prove ti_sat anaCTP is a

c-i_saino gro oust I_s f_s-mn_sim_sati_sm, j_sro-un_s_sabiy ti_se

1_sr_s-s_s-n_s_s-u-u_sf [t12i�]ara(1 �sl P at fl_so- :l’-tu-n’n_s_sin_stis
0_sf ti_so- b)NA l_snimu-m stran_sib i_sru-vu’n_sfo-ob ti_se

ito_iuiifiuom_s u_sf [3I1]d(1�iP, us-i_sit-i_s i_stab to_s be

it_so-u_sii_su_sm’ato-ol in_st_so f i_susu- po_siydo-_s_sxyn_suo-iu’_s_stioio-

_s’i_si_sin_s�_sti_sat oiiui n_so_sf-o-o_snotait_s {32b�1ai�a( �#{176}_sIP.

‘�F1_su-_s-xi_so’m’innem_stom_s ti_so’ im_sc-u_smp_s_sn’afi_s_sm_su_sf

[sllIaraCnIlP �_s�_sd [3FIjil(’1�P it_st_so du-noatui’o-oi,

soonoio’ato’d 1)X_-\. inodio’at_s’ol ti_st_sttI_so’i_s_sit_s_sb_s-i’

u_sf m_s_s_soiu’u’ttlo- of [3FIIama(’TP iI_sc-_s_si’j)_s_st’itfc-ui

usas lu-s_s-stioam_s,_s_sh_so’n’oa.sti_so-notnn_s_sbemu_sfn_so_solo’-

_s-tulu‘5 u of [:_sfl j_sl( � I � i n_so-u_srpon’u_stu-_si u-xt’u’o-du’_si,

ti_so- mounnb_s-r u_sf 1)�’��\ n_sooio-o-iulo- it_s ti_so’ m’_s-au--

tic_st_s n_sixfur- (I’ig. 5) . If ara(�Tl#{176} pm’_s_sdtnu-o-s

to’rn_sin_safiu om_s_s of -l_saim_sgnu _su_stii , o_sm_su-u_s-uotdoi ox-

l_s(’tt i_st_shy 1 n_s_s_slc-i’_s_sl_su_sf ara(mnFP too be
in_so-c_snl)oI’ato-d f_s_sn u-a_s-i_s n_s_s_si_s-_s-nit’ 0 Of simoghe-

sf-rat_sd_s-ui I)NA il_s the ‘‘hairpit_s” c-u_sm_sfo_smn_s_sa-

t-iom_s (25). Ti_su- _siata it_sdic-afo- ti_sat out_sly 1
t_s_soolou’ubo 0 of [3F1]araCTP i_sas ill_s-u _srpu omatu-d

bc_smo-vem�’ 2 n_so_sit-c-ui_s-s of DNA; _son_so�poossible

explanafio_sno f_s_smti_si-s o_sbso’rvatiom_s is fl_sat u_sn_sly
about �0 � u_sf ti_so’ D�NA n_s_solos-ui_s-suuo-r_s’n_sc--

tivo- ten_spiat 0’s fo_sr DNA 1_sOlY ni_so-rn-so-.

Alt i_sc_sugi_s c-ham_s to’nmit_satio_sm_s app_sums to

take pbac-o’ i-n vitro with_s anaC�FP i_si_sib i)NA

I)_s_slyn_so-nnLso-, stit’I_s am_s u_sbso-rvafiom_s i_sits moot
b_s-_s-mi o’bo’anly d_s’mo_si_sstratiil -in iitr_s u_sit-I_s

it_stat-f cc-his, bu�’aiusu- oof fl_so- diffli-ulty in_s iSO)-

batic_sm_s an_sib (-h_samacto-ruzationo i_sf t i_se r_si_slicat im_sg

region_s of the mamrnaliam_s c-_s-Il i-h_sri_sn_so-so_sn_so’

(30-32). Graham an_sob \Vi_sitn_s_s_sro- (14) i_save

an_sabyzo’ui h_sigi_s mudectulan _s_so-igi_st DNA b_si-

b_s-i_s-uI us-itli [uH]ani_s(’\1 P from L-o’ells i_sm_sob
b_sun_sd c_sn_sly a small p_s-ni’u-notago- o_sf ti_so- [�H�

ana(�)_s1P at ti_s_s- 3’-t_s’rmim_si, _svi_s_s-rc-au. n_s_s_s_s-stu_sf

fi_su- [3H]anaC?sIP isas io_s_s-i_stuui in_s ti_sc- in_stu’r-

_s_suo-l_s’uofiilu- lit_shag_s-s u_sf 1)�’-��. li_so- no-_s_s-s_son_s-sf_s_si’

f Iou’ iliffo-ro-mo-_s-s b_s-f_s_sos-no t i_so- o-m_szyn_safio- am_sib

co-lit_slam’ _s�lata o-o_snou’o-n_s_sin_sgt I_so’ oh_sam_s gm_s_sust ho

fo-mmimoatio_sn_s activity u_sf araCTP n_sm_s n_s_s_st

kn_so_su_sm_s,b_sc-a_snso’ u_sf thou’ ba_s-k u_sf bat-tic- in_sf_som’m_s_sa-

ti_sot-_s o_sn_s ti_so- i_so_sm_sal n_su’u’i_san_sisn_s u_sf 1)N��
repli_s-atiomo in_s inammaliano c-u-il-s. It is p#{176}_sssibio’

ti_sat o_sfl_so’n o’nozvmu-s ai’o’ im_sv_s_shvo’ul in_s I)N��

syi_stI_s-sis in_s thu- uoii, usi_sic-io inoto-ma_s’t cull_sm-

i’t_stlyisitl_s araCTP ti_sit_s_s 1)XA j)u_slyn_s_su-rasu-,

or ti_sat fl_si-s laftor _s-m_szymo’ n_say i_savo- diffi-mo’t_sf

pt’u_sj_so-rtio--s in_s ti_so- in_strac-_s-lliuhar o’t_svin’u_st_sti_s_s’m_st.

If- shot_sub be in_st_s-r_s-stitog to_s study ti_so- in_st_s-i’-

ac-tiom_s c_sf ara(Y11P an_sib ti_so- m_so-is io_sui n_so_shi-o’uham

_s_so’igiot 1)NA j_scolym_s-nas_s- ti_sat 1_sas ro--o-n_stiy

ho-_s-i_s isoohatod from n_san_sn_saiiam_s _s’oils (33, 34).

Also, thou- ii_stera_s’fioon_s b_s-f uso’o-m_s araC \ IP-
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to-tn_sin_sat_s-_sb i)#{176}olyoi_s’ooxyn_suo’loo_sticios an_s_si 1)\��

higa-so- (3.5) si_s_souhib ho- itov_s’sfigato-d.

;\__fpt’_s’s_s’n_stti_s_s-n-u-�_sro-i_s_s_ston_s_so_sigh_s (lata avail-
ablu- f_so (iu’to’n’m_s_sin_so’ t i_so- mo-hat io _sm_s-si_sip b_s-t u_s_s’o-n_s
fl_so- in_scoomb_s_s_sratioon_su_sf ama(’ it_st_so _s’o-llulai’ I)\��

am_sd ti_so- _s-ytotu_sxiu’ u_if_s-_s-f-s pn’_s_s_siuo’_soi by this

am_stin_sutab_solit 0’, R_s-_s-o-n_sfly (‘ho_si (36) i_sas at-

to-i-ni_st_s-il to_s u-_sorn’u-Iat_s- f i_so- in_so’oimp_s_sratiuomo 0of

ara(’ it_sto o-o-lluhan 1� \‘A u_situ u-u-il (1_s-at i_s.

._s _s’KNO_s\5LEi)G_st l-�N1’

I -_svouid like t u_s t I_suon_sk 1#{176}oliss:\n_snu ott_s LuLI)i I ton_s f_sor

I_sen c-xcelien_st to-cl_sn_si_st_si assist an_see in_s t his us-u)n’k.
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