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Abstract :V-meth) I Isatin-/i-thiosemicarbalonl: (M-IBT) and cupric eons form ;I stable cwlplc\ v,~th 

which nucleic acids associate firmI>. A 50 HIM M-IBT Cu complex can hind 3-3 /tM nuclt’~c LICKI :!h 
nucleotide (I.1 /lg,ml). The thiosem~carbuide side chain possesses full activit!. Suhstittltion of phcn! I 
cvoups at the N-I or N-4 positions of thlo\cmlcarba~ld~ doch not interl’crc \clth nucleic acld hrndlng s 
abilit!. Of those cations tested. cupric ion\ arc the most ctfectlve in complex formation. hut t’cr-rou\ 

ions are also active at high concentrations. Single- and double-stranded DNA and Gnglc- and d~~~~hlc- 
stranded RNA arc equally susceptible: there k no nucleotide baw spccificit~. Au!-in tricarhou!hc acid 

is the most cHicient agent which interferes wth the n~aociation of the M-IBT copprl- complc\ u ith 
DNA. Other chelating agents such as EDTA. Tris-hqdro~)arni~~~~~i~t~~~~n~. ~-m~rcapto~thanol. hi\tidlnc 

and diphenyl thiocarbazonc inhibit the association also. The reaction hctncen the chelatc complc\ 
and the DNA occurs rapidly. is insensitive to Ionic strength and tcmpcraturc. and is optImaI at pti 

X0 Nucleic acid association is reversed m the nresence 01 organic solvent\ wch as dimcth!,I ~ulfo\ide. 

dimrthyl formamide and dioxane. 

Thiosemicarbazones possess a wide spectrum of anti- 
viral. antibacterial. antifungal. and antitumor cell X- 
tivity [I]. In view of this, their mode(s) of action is 
of considerable interest. The pyridine and isoquino- 
line derivatives of X-(,Y)-heterocyclic carboxaldehydc 
thiosemicarbazoncs inhibit ribonucleotide rcductase. 
which may account for their antitumor cell activit!, 
[?I. However. the mechanism of action of N-methyl 
isatin-/I-thioscmicarbazone (M-IBT). which is valu- 
able in the treatment of some complications of small- 
pox vaccination and in the prophylaxis of smallpox 
in exposed persons, is unclear [l]. Since the drug has 
no significant effect in vaccinia virus DNA synthesis 
131. it appears that ribonuclcotide reductase is not 
the principal target in the inhibition of vaccinia virus 
replication. Late, but not early. protein synthesis is 
inhibited. which is correlated with a decreased half- 
life of virus-specific polysomcs at the late stage of 
replication 141, No clTcct on cellular processes is 
detected at virucidal concentrations, although higher 
concentrations inhibit DNA and RNA synthesis pri- 
marily. 

In addition to the intracellular inhibition just dc- 
scribed. M-IBT can inactivate some viruses on direct 
contact. It has been shown that Rous sarcoma virus 
(RSV). other RNA tumor viruses, and herpesvirus arc 
inactivated irk rifro [5- 7). This inactivation appears 
to be :I function of the chelating abilit) of the drug. 
since EDTA prevents the inactivation and the addi- 
tion of cupric ions enhances it [S]. The loss of the 
ability of RSV to transform chick tibroblasts is prob- 
abll due to the inhibition of the RNA-dependent 
DNA pol~merasc of the virus [h]. Since the actilit) 
of purified RNA-dependent DNA polymcrase of RSV 
is inhibited by M-IBT. the locus of action of the drug 
appears to be either the nucleic acid template or the 
enzyme. In this paper, we report that nucleic acids 
directly associate with complexes of M-IBT and 

cupric ions. This interaction ma! bc important in the 

chemotherapeutic acti\ it! of this grump of drugs. 

Drug stock solutions wcrc prcparod at millimol;u 
concentration in IW,, dimrthylsulfoxi~ic (DMSOI 
and applied at 1:500 dilution to minimi/c linal 
DMSO content. The stock solution\ k\crc kept 
frozen: daily preparation of fresh solutions ;I> prc- 
viously recommended [4] was not nccc~r! Ii11 
reproducible results. Dotlblc-glass-distilled I\ atet- \I ;~j 
used to make the aqueous solution. 

The materials and the cornpanic from v,hich the! 
were purchased are as follows: 2-Act+.I-&ho\! but! r- 
aldehyde bis(thioscnlicarbaronc) (KTS). 2-Lcto- 
.i-ethoxybut!raldehqde l~is(h’-4-meth~lthic~sc~i~ic~~~.l~~~- 
zone) (KTSM). p~ruvaldchydc bis(thioscmic;lrb~l/~)ticl 
(PTS) and pyruvaldehqdc bis(.!‘-4-mcth! Ithiohcmi- 
carbaronc) (PTSM) ~crc from Nutritional Biochcm- 
cals. X-meth) lisatin-bet~~-thi~~se~nic~~rb~~/~~~ic (M-IBT) 
was from K & K Laboratories. Scmicarba/idc (SC’). 
thiosemicarbazidc (TSC). I -phcn~ Ithiosumicarb~i/icie 
(I -(,6TSC‘). 3-phcnq Ithioscmic;lrba/i~ic (-I-C/ITS(‘) and 
4-m&> Ithiosclnicarbazidc (4.McTSC‘) \\crc from 
Eastman Kodak. Aurin tricarboxyhc ;Icid (ATA) \+;Is 
from Fisher Scicntilic. Diphcn!lthioc~trha/onc 
(DO’,TC’) was from .i. T. Bakel-. (DMSO) Ispcctro- 
quality) was from Mathcson. Coleman X: Bell. I - 
Formylisoquinolinc thiosemic~ubazonc (IQ-1 ). 2- 
formylpyridine thioscmicarba/onc (PJTSC‘) and 

5-hJdroxy-2-formyl pi ridinc thioseriiicarba/one 
(j-OH Py TX‘) were kind gifts of Dr. t‘rcderick 
French. Palo Alto. C‘alif. Prcformcd puriticd 
M-IBT-Cu complex WIS prepared h! Dr. William 
Kaska. Uni\,ersit) of C‘alifornia. S:mta Barbara. 
Z-Mercaptocthanol (BMEI and piprrnzinr-.1’..Y-bis-(~- 



ethane sulfonic acid) (PIPES) butfcr I+CI’C from <‘al- 
biochem. Nitrocellulose filters (0.45 ~tm pore) Lvcrc‘ 
from Millipore. The tritiatcd compounds. uridinc. 
thqmidinc and riho-homopolymers. were from 
Schwartz Mann. Unlabeled ribohomopol!mers. pal! 
1 in>1 sulfate and calf th!mus DNA wcrc‘ from Sigma. 

Filtr,r7tio77. The drug. metal ion and nucleic acid to 
bt: tested wcrc added to 0.5ml buffer and incubated 
at 0 for IO min. The reaction 7nixturc \+as diluted 

with 3 ml bufkr and passed through :I 0.35-/m port 
nitrocellulosc liltcr. After washing uith IO ml butI&. 

the filters wre dried and the radiolabeled nucleic acid 

content wx detcrmincd h\ liquid scintillation. A tJ17i- 

cal reaction contained M-IBT. CuSOJ and L-‘HJthL- 
midine-labeled HeLa double-stranded DNA in 

095 M phosphate butI&. pH 8.0. incubated for IO min 
prior to filtration. One hundred per cent retention 
of DNA on the tiiter represents 95 100 per cent 01 
acid-prccipitablc counts. 

LOW-S/‘Wl c~cWl,~;firqrrr io71. M-IBT. c‘uSOJ and 
[‘Hlthymidine-labeled DNA \verc added to bulrc7 
and incubated at 0 for IO min. A sample M:IX applied 

to ;L glass-fiber tiltcr and the remaining solution \\;I:, 
centrifuged for 30 min at 4500 61. Allother sample \I as 
taken near the top of the tube. applied to ;I glass-iilxx 
filter. dried and counted b> liquid scintillation. C‘cn- 
trifugation assays were done with Z-ml volumes in 
narrow tubes to allow a separation of the precipitate 
from the sampling 7ones: no dilution of the original 
reaction solution \vas made. Filter retention and WI- 
trifugation as5avs ga\‘c idcnticul results in all casts. 
The ccntrifugat& assay was t’mplo) cd particulari! 

with ;I solvent uhich damaged the filter. such :I\ 

DMSO in high concentrations. and with ;I nucleic 
acid which holmd strongly to nitrocollulosc. such as 

single-stranded DNA. 

HESl:I.TS 

Optkul @as. The spectrum of M-IBT in aqxous 
solution is shoun in Fig. I. l_‘pon addition of cupric 
ions. the spectrum shifts from ;I discrete masimum 
at 354nm to ;I broad maximum betwecn 320 and 
460nm. Visually. a bright yellow color dexclop:, in 
contrast to the faint yellow color of the original 
50 pM solution. Similar spectra arc sc‘cn in WC, 
DMSO. in which nucleic acid association. as Judged 
hy pelleting of DNA in the centrifugation Assam. does 
not occur (see below). 

C‘rrsrnl ,f~x777trtior1. Microscopic examination of the 
solution containing both M-IBT and CuSOs raeuls 
yellow crystals I 2 /Irn in diameter. These can be sodi- 
mented (7ooOq) and rccoxred as large aggregates 
ranging to more than 50~tm in diameter. On lilt- 

ration. the aggregates are seen as a yellow precipitate 
on the filters. Addition of DNA (550 ng ml) did not 
change the appearance of the aggrcgatcs. IQ-I and 
c‘uS04 form similar aggregates. 
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for their abilit> to form coiiiplevds \+hich c;iusc ttic 

retention of DNA on a filter. M-IBT. IQ-I. the TX‘ 
side chain along alld side chain dcri\ati\cs 
I -phcnyITSC’. 4phcn! ITSC‘ and -l-7ncth) ITSC wcrc 
shown to be xti\ c at approsiniatcl! equal conccnt- 

rations using 50 !tM C’uSO, ~Tablt: 11, No relention 
of DNA by 50 /tM C‘LISO~ alone \\;Is obscr\cd (Table 
2). The nucleic acid binding activit> of I -phcnylTSC‘ 
alone: ma) lx due to the prcwiiw of meLit ions iii 

this drug preparation. since the addition of -100 /tM 
EDTA caused ;I rc\ersal of ndx acid binding. An 

atomic x~sorption spcctr~)ph~)tomctric ;iinaiyis for 

copper 7x1 cated approxiniatcl! one‘ niolccuic of cop- 

pc‘r IO.O(XJ n~dcculcs of I -phcn> 1 TX‘. It appcar~ un- 

likeIF, therefore. that copper ih the xivcnt7tious metal 
ion. The prcformt_xi. purified M-IBT (‘II complex i\ 
:rclivc at 40 !IM. which indicates that the DNA rctcn- 
tion is due to the complc\ /xv’ .\(a rather than to the 
M-IBT and the copper acting s!neryisticall! but sty- 
aratcl\. The addition of 400 ,7M FDTA intcrfcrcs with 
the act i\ it? of the prcformcd comple\. The kcthoxal 
and p!rtr~aIduh!dc-his-(thiclsemic~lrha/on~)‘s and 

thcii- -I’-iiicth\ I dcri\ alivcs wrc acti\ c‘ onI> \vhcn the 

cupric ion concentration \v;is incrcascd IO-fold to 

500 ;tM CuSOa. Semicarhalidc. 7-l’orni~ lp! ridinc 

TX’ and 3-OH-2-farm! lp! ridi77c TX \\c‘rc inacti\c 
at the highcst cupric ion canccntr2tion. L\hich did not 

h! itself precipitate DNA Inactive drugs b\crc ;iIso 
tested with ferrous ions. the onl! olhcr metal ion 
u hich Ih7-mcd acti\c cornplc~~~ I\ irh M-IBT (xc 
hclou). hut fcri-ou3 ion\ did not activate an! corn- 
pc~~~nci< which wcrc inacti\c \\ ith cupric ions. The 
strong C‘o’ * binding prnpcrtic\ of 5-OH-?-form! I- 
p\ ridinc TSC [X] proniptcd an cwmination of nuclc~c 

acid binding \zith this complc\. 2-I-orm!,ll~~ridine 
TX‘. but not the COH Jcri\ at i\ c. shov, cd appt-cci- 
able nucleic acid bindin g acti\it! ;it I60 /tM conccn- 
ration5 \vith 500 pbl Cd‘l, (data nat \ho\vn). 
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DNA DNA retention 
C‘oncn retention with SO@l M-IBT 

Mctol ion (M) I”,,) (“J 
-- 

I. cu 10 I’ 0 0 

lo- ‘i 0 IO0 

lo- .a 0 1 Ml 

10.’ 0 IO0 

2. Fe’ i 1or1 0 I5 

I 0 3 0 60 

IO- 0 30 

3. Fe” - i0r-I 0 0 

4. c-a-‘* lo- 3 IO 

5 

MgL Mn” 

3 

i : 10 10- .’ : 0 3 I5 

7. 2%” IO-” 0 10 
8. Co” -’ IOF3 0 Ii 
9. Ni’ _ I 0 - .3 0 25 
.--~-. 

* Reactions contained 550ng DNAml in DO5 M phosphate buffer. pH 8~. 
Mctnf ions and M-IBT wre added and the solution was passed through 
0.45-jml port nitrocellt~losc filters. IBT (50itM) alone causes ID I5 per cent 
DNA retention. 
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The concentration 01‘ cupric ion rcyuired to I‘orm 

an xtivc chelate complex was in\cstigatcd. Using the 
filter retention assa\ 1 6 ,uM CuSO, 4 ieldcd ;I complex 
v,ith 50 pM M-IBT which could complctcl~ rcmo\,c 

50 ng DNA ‘ml from solution (Fig. 3). III subzcqucnt 

experiments, IO /rM C‘uSO, was gcncrdl~ used :IS the 

minimum concentration. 
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Thiosemicarharone copper complexes hind nucleic acids 

It was of interest to determine whether certain che- 
lating agents. which by themselves or with added cop- 
per had no ability to cause DNA retention. could 
inhibit the activity of the M-IBT-Cu complex. As can 
bc seen in Table 3. Tris. EDTA. BME. DbTC. ATA 
and histidinc can prevent the effect of the M-IBT 0 
complex. None of the compounds either alone (data 
not shown) or with 10 /IM CuS04 can cause retention 
of DNA on the filter. The effect of histidine was 

tested. since it had been observed previously that his- 
tidine can prevent the inactivation of herpesvirus by 
M-IBT [9], 

In addition to these chelating agents. the effect of 
poly rA and poly vinyl sulfate (PVS) on DNA reten- 
tion was determined. It was found that 25Ong poll 
rA added to the M-IBTxoppcr complex prior to 
‘H-HeLa cell DNA inhibited over 90 per cent of the 
binding of DNA to the filter (data not shown). The 
addition of 400ng PVS inhibited the filter binding 
of the DNA by 50 per cent. Surprisingly. the addition 
of more PVS. up to as high as 4~cg. did not signifi- 
cantly decrease the filter binding below 50 per cent 
(data not shown). The finding that PVS competes 
with DNA in this reaction indicates that the purines 
and pyrimidines in DNA do not play a major role; 
rather. it appears that the charged backbone is more 
important. 

In order to characterize the nature of this intcrac- 
tion more fully, we tested a variety of nucleic acids 
for their ability to associate with the M-IBT-Cu com- 
plex. The data in Table 4 indicate that single- and 
double-stranded HeLa cell DNA, poliovirus RNA, 
which is predominantly single stranded. and Rous 
sarcoma virus tRNA [lo], which has a significant 
amount of double-stranded structure. arc retained on 
filters in the presence of the complex. However. oligo 
dC (12 18 nuclcotides) and deoxynuclcoside triphos- 
phates are not retained. There does not appear to 
be any base specifici@. since homopolymers of I-A. 
rI. rC and rU are equalI; retained. Reactions were 
also carried out with limiting concentrations of 

CONCENTRATION DNA ADDED lnanogromr ml1 

Fig. 4. Nucleic acid binding capacity of an N-methyl 
isatin-P-thiosemicarbazone and CuS04 complex. Nucleic 
acid association was measured by retention of ‘H-thymi- 
dint-labeled DNA on a 0.45 Atrn pore filter. (A) 50 PM 
M-IBT with IO I’M CuSOJ; (B) IO /tM C&O4 alone. Rcac- 
tions were performed in 005 M phosphate buffer. pH X.0. 

M-IBT and copper in order to detect small differences 
in affinity among the various nucleic acids used, but 
none was observed. 

The stoichiometry of the association was investi- 
gated also. As depicted in Fig. 4. it was found that 
a mixture of 501tM M-IBT and lO,uM CuS04 can 
bind a maximum of 3.3 /tM DNA (calculated as nu- 
cleotide) or I.1 Icg/ml. The addition of larger amounts 
of DNA did not reduce the amount of DNA bound: 
the addition of CuS04 over a wide range of concent- 
rations (I&5OOO~M) did not alter the interaction. 

Variations in some of the environmental factors 
which might afTect the interaction of M-IBT, CuS04 
and nucleic acid were studied to evaluate the basis 
of the association. Filter retention of DNA was opti- 
mal at pH X.0 (Fig. 5). Appreciable retention was seen 
at pH 7 to 12: efficiency decreased steadily below 
pH 7. The correlation between tht: loss of nucleic acid 
association below pH 7 and the pK of 6.5 for the 
secondary phosphoryl group indicates that this group 
may be the site of interaction. 

Retention of DNA occurred in H20. phosphate 
and other weak CLI’+ chelating buffers such as PIPES 

Table 4. Effect of M-IBT~coppcr complexes on ditkrcnt nucleic acids* 

Nucleic acid Polymer sire 

I. 
2. 
i 
4: 

HeLa dsDNA 
HeLu ssDNA 
Polio asRNA 
Polv(rA): pol\i(rL!): 

Large 
Large 

7000 Nucleotides 
300 Nucleotides 

p&(rCi: phl>(rI) 
5 . RSV 4s RNA 
6. 
7. 

Oligo(dCl 
dATP: dTTP: 

dCTP: dGTP 

75 Nucleotidcs 
I2 -1 X Nuclcotides 

Mononuclcotidc 

Nucleic acid association 
with 5OltM IBT-Me + IOltM CuSOs 

(“J 

* Reactions contained 500 ng nwleotide ml or less in 0.05 M phosphate buffer. pH 8.0. 
t Filtration aasa). 
: Centrifugalion assay. 
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PH 

DNA in 0.05 M phoaphaie hulEr. 

and barbital. Tris buffer must bc specifically excluded 

dw to its strong binding of cupric ions (Ref. I I and 
Table 3). Salt neither facilitated nor impeded the as- 
sociation of DNA with the M-IBT CLI complex up 

to 1.5 M NaCl. which indicated that the involwment 
of salt linkages is unlikely,. 

The pelleting of DNA m the centrifuugation assay 
uas sensitive to the presence of several organic sol- 
Lcnts. Assays performed \vlth DMSO (Xi”,, v’v) 
dimcthylformamidc (25”,, v, v) and dioxane (lo”,, v ~1 
prevcntcd pclletiyg of the DNA. These concentrations 
of sohentz solubth/ed the M-IBT Cu complex, since 
no qello\v precipitate \v;is seen at the bottom of the 
tube. The M-IBT-CLI complex was not dissociated 
in the solvents. since the absorption yectrum rcsem- 
bled that of the complex described in Fig. I. The as- 
sociation of DNA with the M-IBT Cu complex 
occurred to the same ratcnt at 0 and 37 The inter- 
action \V;IS rapid and complete within 5 min. the shor- 
test time possible for the filtration assa>. 

4lthough M-IBT alone dots not cause appreciable 
filter retention of DNA (Table I ). it uas of interest 
to determine whether binding of M-IBT to DNA 
occurred. WC tested this possibilit) by cxposing col- 
iphagc i-DNA to “‘S-lnbcled M-IBT and centrifuging 
the DNA in ;I rate /onal 5 X’,, sucrose gradient. at 
270.000 g for 25 hr in an SW 41 rotor. No 3’S-M-IBT 
associated with the /.-DNA. In addition, wc could 
demonstrate no change either in sedimentation rate 
of ‘H-/.-DNA or in the density (in 1.7g.ml of CsCI 
equilibrium gradients run at 147.000 61 for 63 hr in 
an SW 50.1 rotor) of “H-HeLa cell DNA treated with 
30 /tM M-IBT or bith 50 )tM CuSO,. It appear? that 
M-IBT alone neither associates with nor significantl! 
afrects the structure of DNA. In contrast. v.hen cithcr 
‘H-i-DNA or “H-HeLa cell DNA wax exposed to 
both M-IBT and copper. and centrifuged in sucrose 
or c‘sc‘l gradients. respectiwly. both DNA’s pelleted. 
However. \zhen treated ‘H-HcLa cell DNA was cen- 
trifuged in CsCl gradients containing 7”,, dioxane. the 
DNA did not pellet. but banded at the same dcnsit! 
as did the untrcatcd sample. 

Wc ha\ e dcnionQratcd that M-t B7J. thlo~ciiiic~irh~i- 
/idc and bcvcr;LI thioscmicarha/i~~c dcri\atl\ch form 
stable complews 1% ith cupric ion\. \c ith which nucleic 
acids associate lirml!. The acti\it\ of the zidc chain. 
TSC‘. alone is in ;Iccord \\ ith the prcviouh ob\cr\ation 
that it poacacs the acti\it! to inacti\atc RSV [_6 1, 
,111 carlicr ircp<vt 1~) 13li~1~an anti Hct/ [ I7 1 Indicated 
that 2-kcto-3-cthw,! hut! raldch!dc-/,i,\(thioscniic~~rb~l- 
/one) (KTS) and its coppc~- complc\ did not avaci- 
ate \\lth nucleic acids. HOL\C\CI-. this \tud\ utill/cd 
Triy bulfcr, \~hich atl\~r\~l> all;.cl\ a\\clclation 01 
ccvnplc\ to DNA. T~I\ ma\ csplain LLI~\ no ;I\XK- 

ation \\a a~i. J:wi if ;I nonchclatin~ b&r had been 
used. intcr~~ction 11 ith nucleic ac~cls ma! not h;l\c 
been detcctcd. since ;t hl@i concentration of coppct 
is required for this compwnd (Table I). 

It i\ intcrcsting that the puriliccl, pt-clornicd 
M-IBT (‘11 cornpIe\ and the M-IBT and C USC), wlu- 
tion arc CC~LI~I~ acti\c. This indicate\ that the M-IHT 
anti the copper act ;I\ ;I chclate complc\. The altcrna- 
ti\c h)lwthesis that the t\\o compc~t~~~ti~ ;lct in 
xqucncc. perhaps c\cii at difTcrcnt Gtcs. ;q-qwir\ to 
be incorrect. 

The evaluation of the rcsuttj prcscnted in thl\ 
paper. especially regarding the rucluircmcnts of diiTcr- 
cnt drugs for ~~ogciious copper. muxt t&r: into con- 

sideration the possible prcscncc of coplw in the cl- 
pcrimcnlal s! \tcm itself. For c~unplc. the finding that 
I -phcn> I TX‘ alow GILISC~ rctsntion of DNA can bc 
c\plaincd I~! the pi-c~ncc of nictal ion\ in the cii-u~ 

preparation. Other components. wch ;I$ nucleic ;tciti\. 
particul;irI> those isolated from natural ~ourcc~. 
bulTcrs and luhorator!-distilled \I atcr. :11-c po\siblc 
sources of metal ions. 

The cflctivcnes~ of’ EDI‘A in prcjcnting ai~d 
rcwrsing RSC’ inactivation and nucleic acid rctcntion 
indicates that the continued prcxmce of ;I di\alcnt 
cation is rcquircd and th;lt the binding allinit! for 
the cation to EDT,A is greater than that for hl-IHl~. 

Since BMF 1x1~ the wnc ckt ;I> EDTA in (hi\ 
regard and Gncc BMF is Iwo\\ II to chclatc hcaw 
metals \uch as copper [I?]. WC klic\e that BME Ls 

acting a5 ;I conipctin~ chclatinp agent rathcr than ;I\ 
;I t-educing agent. which might change VI-IHT to an 
inactive form. 

The fcaturc common to the nucleic acids tcstcd 
\\ hich i\ responsible for their interaction \\ ith the 
drug mclal coniplcxcx ih unclcai-. I1 appcwi th;tt 
binding is not due to ;I spccilic nuclcotidc IXISC ccm- 

position or to the thl>c of wcL Lvr i-csiduc. :Zn intcr;ic- 
tion with phosphate groups in the nucleic ~icids ma! 

lx significant. since 2 dccreasc in binding at h! clrogcn 
ion conccntr;ltion\ belo\\ the pk 16.5) of the acon& 
ury phosphor! I group \{‘;I5 obser\,cd. l‘hc conipct it ion 
observed \\ith pal! \ in! I \ulfatc wpports thij pwsihi- 
lit>. Ho\~c\cr, since the s;att concentration could hc 
varied 14 ithout inllucncin g rctcntion. it seem\ unlikch 
that ont! wit linkages arc involved. The inhibition 
of filter retention h! wl\enth \\ hich \\c:tkai h>droscn 
end 111 drophobic bonds xuggcsts that thcw howI\ 
rna~ pIa\ ;I 1-01~. The (inding that the homopol! ma 
otigo di. 112 IS nuctcotidex) \\a4 not irctained !ct 
transfer RN.4 and the homopol! mcr p~)lb r(’ (300 nu- 
clcotidcsl wcrc. implie\ that chain length i\ an impor- 
tantcriteric~n.P~rIi:\pst1ir0~lph muttiple\\wl\ bond\. 



The strength of Cu’+ binding by TSC (KC,,,. 
= IO 1’) and by KTS (Kd,\, = IO- 18) has been 
reported 114. l-51, No similar information is available 
for M-IBT. In vicn of the lack of correlation bctwccn 
/C,,i,, and nucleic acid binding activity for TSC and 
KTS. WC speculate that. while a strong copper binding 
activit! is desirable. the insolubility of the chclatc 
complex is of greater importance. Ho\vcvcr. the in- 
solubilitj of the complex is not the sole determinant. 
since the ATA copper complex precipitates but does 
not C;LLISC binding of DNA to the lilter. A specific 
interaction bctwccn complex and nucleic acid must. 
thcreforc. occur. WC view nucleic acid binding by the- 
late complcx~‘s to bc the result of the formation of 
chelatc ‘lakes’ or aggregatrs. If this is correct. the 
complexes could bc acting as a resin for nucleic acid 
binding through multiple weak bonds J iclding the 
nucleic acid precipitate. 

In Ccu of the ahilit\, of 40 HIM prelormcd M-IBT~- 
copper complcw to intsract with DNA (Table I) and 
its abilith to inhibit the RNA-dependent DNA pal>- 
merabe ?’ Rous sarcoma virus as well as M-IBT itself? 
c.g. b!, grwter than YO per cent at that concentration 
(Ref. 6 and W. E. Lainson. unpublished results). wc 
h)pothesi/e that the mode of inhibition of the enzhmc 
actiblt) is due to the binding of the ligand- metal com- 
plex to the nucleic acid rather than to the enzyme. 
It is known that the RNA-dependent DNA polymcr- 
iw of avian tumor viruses is ;i zinc metalloenz~me 
116. 171. which has led to the proposition that chclat- 
ing agents such as I.lO-phen~mthroline inhibit enz>mc 
activit! by binding to the rinc in the actibc site 
[ 16~lX]. However. the stabilil> constants at pH 7.4 
of the KTS coppcr complex is lO’8 “* \vhereas for the 
KTS zinc complex it is IO” ” [IY], The cxtraordi- 
naril) grearer stability of the thiosemicarba- 
zone copper complex makch it unlikely that the 
ligand in the complc~ would bind to the zinc in the 
enzyme. In view of this and the evidence for nucleic 
acid interaction reported herein. we propose that the 
nucleic acid. not the en/>me, is the site of inhibition. 

the Special Virus C‘anccr Program of 111~‘ NaUonai C’ancer 

lnstitutc and American Canccr Society Grant VC‘-70. Wc 

especially thank John. Vanda and Manfrcd Mikclcns fat 

assistance and &ouragcmcnt throughout the course of 
thcx investigations. WC thank Dr. Ronald Drapcl-. 

Chemist. U.S. Food and Drue District Laborator>. San 

Francisco. C‘alif.. for pcrformyng the atomic adsorption 
spectrophotolnctt-ic analysis. 

7 

s. 

9. 

19 

W. Lcvinbon. in .%l~~rif.~, Itr/fihi/or.\ o/ I ‘iroi F irwioll 
(Ed. W. Carter). p. 213. CRC‘ Press. Clcwland (1973). 
A. Sartorelli. K. Agrawal and E. Moore. Hi~&w. 

PIltll.lu~lL.. 20, 3 1 19 (I 97 I 1. 
K. Eastcrhrook. I ‘irolo~q!~ 17, 245 (1963). 
B. Woodson and W. Joklik. Prrx. IIUIII. ,-IcYu/. Sci. 

i:..s..+l. 54, 946 (1965). 
W. Lcvinson. B. Woodson and J. Jackson. ~\~ututx~ !I’w 

Bio/. 232, I I6 (I 97 I ). 
W. Lcvinson. A. Faras. B. Woodson. J. Jackson and 
J. M. Bishop. I’roc,. IU/~II. -I&. .Sc,i. L’X.1. 70, 164 

(1973). 
W. Le\mson. A. Faras. R. Morri\. P. Mlkelcns. G. 
Rmgold. S. Kass. B. Lcvinson and J. Jackson. in l’iru* 

R~w~r,_c~/~ (IC,“L’-I’CL.4 Sw~po.\i~r~~~) (Edr. F. Fox and 

W. Robinson). p, 403. Academic Press. Nc\v YwL 

(197?). 

K. Agra\$al. B. Booth. R. Michaud. E. Moore and .A. 
Sartorclli. Uio~#xw~. Pl~trrw~~~. 23, 242 I ( 1974). 
W. Levinson. V. Coleman. B. Woodson. A. Robson. 

J. Lanicr. J. Witchcr and c‘. Davison. .-luiiwiwohic,I 

.-l(/C’il/\ Circ~llorll‘~r. 5. 39x (I 9741. 
E. Erlkwn und R. Erikson. ./. UIO/~Y. &o/. 52, 387 

(1970). 
D. Hanlon. D. Watt and E. Wcsthead. -lt~ulj,f. Rioc,/rcrll. 

16 , 235 (1966). 

B. Bhttyn and T. BetL. C‘LIII~~. Rc.Y. 2X. 7% (196X). 
E. Knohlock and W. Purdy. J. E/cc fro. w~//j.r. C11w1. 

2, 493 (1961). 
S. Ajay I and D. Goddard. J. c,/wul. Sw. (,-I I. 3673 (I 97 I J. 
D. Winkelmann. Y. Bermke and D. Petering. RicCmw- 
qtmic C‘/~C~/U. 3. Xl (1974). 
D. AtlId. H. KaMaguchi. D. Livingston and B. Vallce. 

I’roc,. u0fu. A&. Sci. L;.S.A. 71, 2091 ( 1974). 
B. Poiew. G. Seal and L. Loch. Proc. IIU~!I. :lcut/. .Sc,i. 

L’.S..~I. 71. 4x92 (19731. 


