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SumARY. Tetr8hydroc8nn8binol h8s been shown to interfere with DNA 
synthesis in 8 v8riety of org8nisms end cell systems. Results prerented 
in this p8per show thet in Volvox species, str8in IlK-lO,ng-tetr8hydro- 
c8nn8binol 8cts specificblly on cytopl8smic DM, by preventing its synthesis 
8nd medi8ting in its degr8&tioa. CsCl density gr8dient centrifug8tion 
profiles of DNA fra Volvox, 18bslsd with [%J-8denine in either the 
presence or 8bsence omtetr8hydroc8nn8binol 8re presented. This &t8 
dewnstretes th8t while nucle8r DNA continues to be pynthesised in the 
presence of the drug, the incorpor8tion of 18bel into the cytopl8raic DI@ 
species is h8lted. In 8ddition, Volvox DW prel8beled with [3El-8denine, 
8nd lster exposed to ag-tetr8hydEbinol ia viva, shows thet the drug 
8180 medi8tes in the degr8d8tion of pre-existing cytopl8smic DUA. 

INTRCDUCTION 

The widespre8d use of m8rihuen8 h8s stimul8ted much interert in 

rese8rch on the mode of 8ction 8nd effects of its rjor psycho8ctive 

ingredient g9-TEC.1 Reports of chmgas in DN& synthesis in cultured hewn 

lung cells 8ftsr exposure to m8rihu8n8 smoke (1) 8nd chroeaosomel bre8luge in 

chronic rrihuen8 users (2) h8ve led to futher studies on the inter8ctions 

between cmn8binoids end DNA. THC h8s been shown to interfere with mecro- 

molecul8r synthesis in Tetr8hymsn8 (3), 8nd, more recently, in studies 

rel8ted to is 8ntineopl8stic l ctivity in vivo (4), A’-THC ~88 shown to -- 

inhibit DNA syntheris in Lewis lung (edenocercInari) cells in tissue 

culture (5) without deerusing precursor upt8ke (6). 

In this study ‘ue report 8 specificity in the inter8ction of n’-THC 

with the DNA metabolism of Volvo%. In this simple, ulticellul8r org8nirr, 

often used 8s 8 model system for studies on developunt (see Discussion), 

TEC 8cts 8lmost exclusively on cytopl8smic DNA. In our studies, the 

’ Tbe l bbrevi8tions used 8re: A9-TtlC, 1-~g-tr8ns-tetrehydroc8nn8binol; 
TIiC, tr8ns-tetr8hydroc8nnebinol; TCA, trichlmztic ecid; Tweea 40/80, 
PolyGylene Sorbitm monop8lnit8te/Polyoxyethylene Sorbit8n wno- 
ole8te ; SW, Synthetic Volvox Msdium. 
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ryathcrir of thir DNA rpcciar i8 stopped upon l ddition of the drug, end 

with time, axirtiag cytopl88mic DNg ir degredsd. 

metebolina, however, rem8inr virtually uneffectrd 

8m period. 

IlmiBIALS AND #THaDS 

VO~VOX’I nuclear DNA 

by A9-T&IC during the 

1. Growth end redioective lebelian of Volvox. The 8trein of Volvox 
ured thir rtudy we8 v. cer teri f  . &UmritU8i8 (HK-10, fwle). SC 
rtock8 were uinteined et &out 25oC in 15 ml lcrew Cep tube8 Cmteining 
5 or 10 ml of SW (8) et either pE 7.0 or pll 6.0 (9) et l light inttnrity 
of 300 ft cendle8 (16 hr light, 8 hr derk). 

ibterogeneour growth condition8 conri8ted of trenrferring eliquotr 
of 8tock culture8 to 5 al SW (pH 7.0) in l 20 x 150 ml rterile tube end 
gently 8heking on en orbital rheker at 400 ft candler cool white 
fluorescent light (16/8, 25-30%). 

The DU of Volvox W88 18beled with 2-13H]edenine (New England Nucleer) 
8t concentrxtioneing from 20 uCi to 3OuCi/al in WM. The urual 
labeling tint we8 18 hr (0.25 generetiOn8) unlerr otherwire noted, and l ll 
redioectivity incorporated into DNA WI monitored by cold TCA precipitetion 
of hot l lkxli ruble count8 onto Whetm8n cP/A (2.4 cm) filterr, werhing 
with 5% TCA, 95% eth8nol end drying. Exch dried filter we8 then trenr- 
f8rr8d to 4 ml toluene b88ed rcintillent (Liquorfluor, New gnglend Nucleer) 
end counted in 8 Nucl88r Chicrgo Liquid Scintillation Spectrom8ter. 

2. Preperetion of lvrete8. Smxll redioective culture8 were dirrocieted 
end cell lyrete8 prepared, efter checking for becteriel conUlinetioa, by 
the method8 dercribed by hrgOli8-%A88n end Bluire (7). Spheroid8 were 
di88ocieted by the l ddition of 100 u&ml Protexre (Sigm Type VI) end 
incubation for 15-45 ain et 36OC. Dirrocixted cell8 were hxrverted by 
centrifugetion et 4,000 x g for 10 rin, werhed twice with r8line BDTA 
(O.lSM NxCl, 0.1 WLthylenadieminetetrucetete pH 8.0) end reru8pended in 
0.7 ml 8eline EDTA. Two to four drop8 of 30% Serko8yl NL-97 (Gibe-Geigy 
Co.) were l dded (epproxim8tely 5-10X fine1 conceotretion) end the ly8ete8 
heeted to 60°C for 30-60 min before rtoring 8t -20% until required. 

3. Preparative ClCl denrity nredientr. There were cerried out on l ll 
ly88ter by method8 8lreedy publirhed (7). Beth 8uPp1e We8 centrifuged 8t 
33,000 rpm in l Spinco 50 Ti rotor for 48-65 hr et 19oC. Twenty drop 
frnctions were collected froll the bottom of eech tube (30 fractiona) end 
the bend8 of rediorctive DM e88eyed 88 described ebove. The identity of 
eech DNA 8prcier war determined frm it8 poritionr reletive to thet of 
E8cherichie & DNA (1.710 gp/cm3) included in the 8Ua gradient 88 l 
reference mrker. 

4. Use of A9-THC. A9-THC we8 8upplied 88 8 8olutiOn (20 og/ml) in 
95% ethenol by DHEW, Public Health Service, Netionel Inrtitute of Drug 
Abu8e. Stock rolutioae were prepared by trenrferrinp 1 al of the ethenol 
8OlUtfOtI to 1 ml Tween 40/80, thur cre8ting 8 fine1 8olution of 10 e/ml 
THC, 45-509. ethenol, 25% Tween 40 8nd 25% Tween 80. A 8olution of 50% 
ethenol , 25% 'been 40 end 25% Tveen 80 (termed "carrier" hereafter) I#.# 
else prepered end u8ed in 811 control experimentr. 
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RESULTS 

The effect of TiiC on DW avatherir in Volvox. We have previourly 

rhouo that differential DNA 8ynthe8i8 in Volvox ctn b8 monitored U8ing 

the incorporation of 2-[%I] d i -a en ne into DNA molecule8, which l re then 

rerolved into nucleer and cytoplaric rpecier hy their por~tionr relative 

legend). 

DWA in preparative C8Cl gredieatr (7) (ree Fig. 1, 

A’-THC ir not 8Olublt in water, therefore, in order to te8t it8 

effect8 on DWA eyntheoir in Volvox, 8 ruitable “carrier” (Ice attrial 

tad Ihthodr) had to be ured a8 a vehicle to 8u8ptnd the TilC in the SVM 

wdia. All drug treated culturer, therefore, contained thie carrier, and 

hence the effect8 of equal concentrations of carrier alone upon [%I]- 

adenine incorporation into Volvox DWA had to be elucidated. It can be 

reen from Fig. 1 that C8Cl profile8 of DNA teken from heterogeneou8ly 

grown Volvox rpheroids incubated in SVM containing 20 uCi/ml [3H]-adenine 

for 18 ht in the abrence (Fig. U) or presence (Fig. 1B) of carrier 

(40 ul/ml), dirrociated end lyred 88 dercribed in Uterial and Methodr, 

are 8imilar in emounte and proportion8 of 13H]-•denine incorporation into 

the nuclear and cytoplaemic DNA. Alro, rince the rerolution of the two DM 

specie8 ir improved and the beckground lowered when Volvox era grown in the 

preeence of carrier (prerumebly due to improved elimination of the glyco- 

protein metrix of Volvox rpheroids (unpublirhed observationr)), other 

control8 prerented or dircurred contain COnCtntrStiOn8 of carrier 

equivalent to there present in the drug treated culturer. 

Fig. 1C show8 the effect of A'-THC upon DNA eyntherir in Volvox. 

Volvox culture8 (5 ml in SVkl) to which [%I] -adenine and Ag-THC (400 

ug/ml) had been added 8imultaneou8ly, were incubated for 18 hr, after 

which the rpheroidr were dierociated and lyred a8 above. Tht ClC1 

profile (Fig. 1C) 8howa that only one DM 8pecier ir pre8ent a8 compared 

to the two 8een in the carrier control (Fig. 1B). The bending porition of 
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Fraction Number 

Figure 1. Dklh rvnthtrir in the ortrencs or absence of TlE and carrier: 
Pr8parativt C8Cl dtarity gradient8 of radioactively labeled DNh prcparsd 
88 dtrcribed in text, with 8olid circler rtprt8enting cpm pii] Volvox 
Dlsa (nuclear DtUf-1.715 g/cm3; Cyt&lph88liC DNAf-1.705 g/cm3) (7m 
vtrtic81 bar8 indicating the banding porition of [14C]E. coli DNb 

- (,a-1.710) included in the 8m gredicnt l 8 a Urktr. 
A. Control uperilncnt, no carrier, no TIE. 
B. C8rritr (40 ulhl) control. 
c. THC axperimental (400 ug/ol). 
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28 

Fraction Number 

Pigure 2. Dtgre&tion of prelebeled DNA bv THC: Preparetive C&X den8ity 
gradient8 of radioectively prelxbeled DM, prepared end tre8ted 88 
dercribed in text, with rolid circle8 reprerentin Volvox DNA, end 
verticel bar8 indiceting the hnding porition of ~.colimerker DtU. - 
A. Control experiment , (30 ul/rl) carrier. 
B. TtlC l xperimentel (300 q/ml). 

this DNA relative to the [14C] E. - coli DUA denrity tirker indiceter thet 

only nuclear DNA 18 ryntheri8ed in the prerence of Ag-THC (400 ug/ml). 

Concentration8 of THC at or below 200 ug/nl l ppur to have little or no 

effect on nuclear or cytople8mic DNA in Volvox, thus molt of our rtudier 

with the drug have been done at THC concentretion8 between 300 end 400 

ug/al where the 8pecific effect on cytopla8mic DM l lone he8 been noted. 

Higher drug concentr8tionr appear to inhibit nuclear DNA 8ynthe8i8 end 

c&188 rpberoid death. (Rerults of concentration rtudier to be publi8hed 

el8ewhere). 
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The effect of ‘LILC on prrlabeled DNA in Volvox. The effect of THC on 

prelablcd DM in Volvox he al80 been examined. lieterogeneour Volvox 

culture8 were labeled with [%I d i -a en ne for 8 minimum of 4-5 day8 (1-2 

generationr) under optimum conditions a8 follows. 5 ml culture8 of Volvox 

8pheroid8 in SVH were firrt grown in the prerence of 20 uCi/ml f3H]-•denine 

for 48 hr. There culture8 were then diluted 50% by tranrfarring 2.5 ml of 

each l liquot into new tube8 containing 2.5 ml of SW. Additional 

1% l denine (10 uCi/ol) Wa8 added to each of the new 5 ml culture8 and 

l f  ter a minimum of 48 hr, mO8t media containing [%I] -adenine wae removed 

and the labaled rpheroidr rerurpendad in SVM and brought to a final volume 

of 10 ml. Carrier (30 or 40 ul/ml) or A’-THC (300 or 400 ug/ml) WI added 

to each tube of prelabeled rpharoidr and the cultur88 allowed to incubate 

for 18 hr. They were then dirrociatsd, lyred and treated a8 dercribed 

above. 

Fig. 2 rhowr the rerult8 of such an experiment when prelabeled 

8pheroidr wara treated overnight (18 hr) with 30 ul/rl carrier or 300 ug/ml 

THC , and their DM banded in C8Cl. In Pig. 2A (carrier-treated pralabeled 

Volvos) one can 8a8ily 8ae that both nuclear and cytoplarmic DNA rpecie8 

are present in ratio8 rimilar to thore 8een in the 18 hr DNA 8ynthe8i8 

gradient8 (Fig. lA and 1B). The THC treated prof ila (Fig. 2B), however, 

contain8 only one DNA band which can again be identified a8 nuclear. Since 

cytoplarmic DNA had been prceent before expoeure to the drug, (a8 C8n be 

888n in the carrier control, Fig. 2A) and untreated control (not preranted) 

we a88um8 that the treatment with THC mediated in the degradation and 

dirappearance of this DNA rpecier from the profile. We intend to confirm 

thi8 hypothesir with analytical C8Cl profile8 of unl8beled Volvox DNA 

before and af tar treamnt with carrier and THC. 

DISCWSION 

The multicellular, 8pheroFda1, green flagellate Volvox i8 rapidly 

becoming a model 8y8teP for molecular ltudieo Of development and 

differentiation into two cell type8 (rometic and reproductive) (7,9,10,11, 
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12). In our rtudiee on DNA synthesis during the life cycle of this 

organism (7), we have l hewn that most cytoplaemic DNA is l yatheeieed only 

during one particular period in the life of a Volvo% spheroid. If  this 

synthesis is inhibited and/or this DNA species degraded in em menner, 

one would axpect aberrant developpcntal petterne to amerge. 

In this study ~‘-T!lc has been l hewn to interfere specifically with 

cytoplaemic DNA metabolism, by both inhibiting its l ynthaeie and causing 

its degradation. We are currently investigating the effects of 

administering this drug (as well as othare which act on cytoplaemic DNA, 

e.g. Bthidium bromida) at specific points in the life cycle of 

synchronously grown Volvox spheroids. The morphological and biochamical 

results of these studies are giving ue furthar understanding of molecular 

factors which influence development (Manuscript in preparation). 

I f  the cptoplaemic l pecificity of the action of A’-TBC on the DNA 

of Volvox is shown to be a general phenomenon observable in other eyeteme, 

then the anti-tumor effects of TEC and its action as an inhibitor of DNA 

synthesis in in vitro -lien l yeteme up perhaps be due to its -- 

ealective action on cytoplaemic (mitochondrial) DNA metaboliem in there 

cell types. This important observation concerning the specificity of the 

molecular action of thie controvereial and widely used psychoactive agent 

on DNA should certainly be cumined further. 

ACKNWLEDGE~NTS 

This reeaarch was supported in part by Public Health Service Grant 
(SROl-M-01240) from the National Institute of Drug Abuse. 

The authors would lika to thank Ue. Wendy Goodman Sudbarg for her 
expert technical l eeietance and Dr.Richard A. Carcmn for his helpful 
discussions. 

REFORKNCES 

1. Leuchtenberg. C., Leuchtenberg, R., and Schneider, A. (1973) 
Nature 24J, 137-139. 

2. Stenchever, H.A., Kunyez, T.J., and Allen, W.A. (1974) J. Obetet. 
Gynecol. 118, 106-113. 

3. ZiIumn, A.W., end IkClaaa, D.K. (1973) & Zimerman, A.M., 
Padilla, G.N., and Cameron, I.L. teds.) Drugs and the Cell Cycle, 
pp. 67-94, Academic Press, New York. 

680 



Vol. 76, No. 3, 1977 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

4. 

5. 

6. 

7. 
8. 

9. 

10. 

11. 
12. 

lhnwn, AS., Harris, L.S., Friedua, WA., Dewey, W.L., end 
Cercbma, R.A. (1975) J. Nstl. Center Inst. z, 597-602. 
Cerchun, R.A., Rarria, L.S., cad Hunnon, A.K. (1976) Cancer Res. 
36, 95-100. 
White, A.C., Xunmn, J.A. end Cerchun, R.A. (1976) J. Natl. 
Cancer Inat. 2, 655-658. 
Ikrgolia-Wea, II., end Bluire, J. (1976) Cytobior l5, 201-216. 
Proveeoli, L., end Pintner, I.J. (1959) 2 Tryon, C.A., end Rartmen, 
R.D. (edr.) The Ecology of Algee, pp. 84-96, Spcc. Publ. No. 2, 
Pymtuning Lab of Field Biology, Univerrity of Pittrburgh. 
Starr, B.C. end J&saicke, D. (1974) Rot. N8tl. Acad. S&i., U.S.A. 
2, 1050-1054. 
Rochert, G. (1975) &The 33rd Symposium of the Society for 
Developmental Biology - The Developmental Biology of Reproduction, 
pp. 55-90, Acedemic Prom, New York. 
Starr, R.C. (1970) Develop. Biol. Suppl. 5, 59-100. 
l&k, D.L., end Kirk, X.M. (1976) Develop. Biol. 50, 413-427. 

681 


