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. S M f t s  i n  the motebol i sa  of' i r i d f v i h s f  c:z].ls pres!~msbly are 

assoc iateil . wi t h  the various ,ao;.r/hologicd m 3  physiolo,-ic& c h g e f i  

t>e slc;rier-,cr of ;rrc i&ol:.c z C , ~ ~ ~ e . s  ;-~xdsrl-ri,r,d the cycl ic  pi-ocesG:?s 
,I 

of c ~ z l l  gros%'.h a d  divisicn, zhe nuclcic acids a r e  of s p e c i d  i n t s r e s t  

because of t h e l r  i'tuictions i n  c e l l  grovth 2nd repi%duclion. Z~coipora- 

t i o n  oi lko2 i n  dizfsrent  ateZ1?s of t h e  synchronuun 31-ovthof Chlorella 
m- 

c e l l s  has been used as n ;ze.thod tv investfga.te poss i j le  zutabalic air- 

1 fer*exces r e l a ted  to differellt stages of ?;!I$ cycle 02 the  c e l l  . 
CI 'ilz !mve used the steerly-sAai;c aypc~ra tus  desci-iSed h,y B . A ~ S S ~ Z , F ~ ~  cerry 

o a t  e : x p ~ i n : ~ - + s  ..Llv bn the long-tei-a i ncoqo rn t i on  oT 14202 t o  i ~ b ~ i  t he  

so-called insoluble m t e r i a l  ol the c e l l s .  This insoluble  saterial, 

par t icu lar ly  t h e  nucleic acids, hss  been andyzrd by a f'r-- ,A,. t.i:.onatlc;n psocedurc 

prrviously dcscribed3. Rntes of. smthtisis 01- of turnover. of IUU were 

~ s t i ~ a t e d  Sy de t emln ing  the  a:io3mt of 2adicsctfvity i n c o r ~ o r z t e d  a d  the 

specif ic  a c t i v i t y  ae a f u c t i b a  ill tkce. The a c t i v i t y  i.ncorpo.-etod 

i c t o  the bases'of 133 has been detcrziueii 2fi;t.r hydrolysis and theiy 

a-psiation on 2eper cixfa-mtogrs~s. Thi; a ~ m u n t  o f  "'c a~penring i n  the 

thynine of tne DEA f r ac t ion .  was takan as a mzaswLrzent of D!?A synthes is .  



~'J>~c?~~*G:I<)?.~s i:i3;~~$tki 

'i 
u 'Tlie cu1tur.c 0:' C~-J - J : 'E~~@ ;ey;.enoi(~3~a t j ~ s  grown iri thn$ =continuoas- 

cuitu.3 a>p~,,mtus descr.:br; by i ( O ~ ~ - & ? ~ ~ ; ~ ~ . ;  ct 21.4 .jit!la:li ihe ait~liat-c -- 
dilution &::vice. P i c  culturz ~ : d i \ ~  k d  the f i U a > i : ~ d  to,zp.3sition: 

G.iOj, 5.0 g ;  ?.QSQk*7 E20, 2.5 g ;  ~GI.-.F~;~, 1.1 E; ca ( i$~-  )2, a.(j2 3; - S 
C1 yc-veyszn-ol5, 1 ; ;mdified ;L-nonls A-!+ solution, 1 ; d i s t i l l a d  

,. 
7 ,,&tc; :q to ?=ire 1 litarb. 

Tk> ~ ~ ~ h r o ~ i ~ a t i o n  ~f the c e l l s  was hrotis!~t s.>oi:t by ~.ezilor  

i nduccd by ~ l ~ i n g  c tezpzrature bf 25", &J. i ;~ :~e~ :u~  16 ' - A n l i g h t  & ~ a  

13 h &arx periais.  Tha in- - .  ; bial culture v e  o-inrtsd by inc;ci:l~t;ir:3 the 

Tha initial d ~ a e  yopulativn in the tub2 of' 'ihc edritin:;.i>i;s-cultui-c: 

appar-atus had a drns'r.ty of caboii 20 lo6 callsjril (0.2.$) 2nd was cx-  

w s e d  " L  eight 20 wctt f l~o ' -?encent  Irghts y ie ld ing  s; conutca.i light 

. l n t e i > ~ i t y  cf 12,000 lu. k t  t!:~ beg-i~xiin; of zac'!i l i g h t  phase %he - 
culture vas diluted ;m~ually to the i n i t i a l  cienaity. 

Tho co:;tir.uous s t e r i 1 i t y . 0 ~  the cultUe w a s  chcckcd by inoculating 

cm n.gai- plat? each t h e  a sa?apl~: was takon fi-om thc tube. No bact;ciSial 

coat~zina.cion was obs@,wc-d in the c u l t ~ r e  usea for  t h e  expc;i'i;izents L-IC- 

ported here. 

1 .  : 
. t h e  cell cuaber per .uiL volm2 i n  a hseaa'tocytom2-Le~ and by measuring 

i -- 
t):e & m e t e r  of 200 cells v i t h  ~~2 ocula- nicro~neter  each 'ii;.ce' a as;r~plu 

xas teken, 2nd aZ the ands of thz l i g h t  ar,d dark phases. 



13 tile iong-.ii::lz ~ D - O Z P ~ . , - -  -.- A *,tior, e:(perim:r,Ls, 7a?yLnt; b~t~<b;",'s-~ 1 h 

II p.nc 27 h L ~ ! ~ . ; 1 . - p y g t i j ~ ~  tile al~ae wci.3 siljqlicd rith l:@c2 i n  the s:aady-rt~ta 

ayy;ar.a.t;us d e r c ~ i b , ? d  by j 3 ~ ~ ~ - ~ ~ ! ~ 2 .  tb. -2 d,nsircd tiac, scs31cs - of .thz 

syncfirunously g r o t i i n ~  CLLLLU~Z u.erc r.c;mved froi~ the continuous -culture 

t\;bc ayj. .-eut:ip\s& and alsi;ae vere r e s u ~ ~ c n d e d  - in fyesh nu.tpient 

goht i ( jn  of the sans O - . .  ,~;~?9si tf  ar. at a 0.5% concel~t:.ation (voiuc:  vet 

p c k e d  c c l l s j v a l u ~ e )  . S~3stscitrrntly, 'j0-d3 Inl of this ouspcnsion vas 

A L A  .. msfzrrtd in to  t he  algae c h o ~ b e r  of th? st&xiy-st~te ap2sratus. 

T& algae ckmber van il1l;;inated fiei3!a both sidgs by'photuspot 

l m ~ p s  (G.z. ~BP 2) ~ i t h  n l i g h t  i n t ens i t y .  of 25,009 1-a: mc t.22~;;2re- 

tu-e  i n  the  algae suspension ~ 8 3  aalntalnzd zt  250 5y .cLrcaulating m t e r  

fron a va te r  Sath. The densi ty  of the  culture I\-ES aeaa-ced i n  r: s ide  

loop of the  algae cSimaber by n photocell and the  cu l tu re  wcs di luted 

with nutcient  solut ion tc the  o r ig ina l  value whznever the dznsity i n -  

creased by approxiixi";ly 85 o v s  t he  or ig ina l  densi ty .  

A strezia of gas (26 C 0 2  i n  a i r  i n i t i a l l y )  :.:as circulated tF,.wu& 

the w h ~ l e  c l ~ s ? d  syste!n of the  e_nparatus, eqd bii3blod a t  a conscai,nt r a t e  

t h r ~ u ~ h  th+ algae s~spensior . .  1'~02 sas cdcii-d ts this g z n  by t u r n i x .  

th2 E ~ O ~ ) C I ) C ~  of a loop c o n t e i n i r ~  the  desired moat  cif 1'qCl2 (m iiveragc 

5 r g  fctr 1, h i n ~ o r ~ p r a t i o n ) .  ~l-ftee rt'ne ~ G S  b'ctb'~le& t h o a s h  t t ~ e  algae, it 

pssscd t.hi.oc* inst lvnents  which ir~ssllrs C02, lk, cnd a2. %nch xcasilre- 

neat  \;.:as au f ,omt i cd ,  l y r e c v r d ~ d  . Thc gi-o:rth chaxber w,G incceuring i n s t ~ u -  I 

m n t s  can tic isolated f r m  the larger p a r t  of t h e  oyctein, tei-aed thc 

reservoir, by turning A sgapcock. In t h i s  yay rmzi;e 1~casure13ents of C02  

on& uptaiie snci o2 evolution can be made by obuslving t h e  r a t e  of 

c h w s  oi' their cancentrationo oo the ~ecolYkr .  Fro3 the knwn s ~ n s i t i v i t i 3 o  



1 '  been nomal ized for ~ 4 C 0 ~  of s s2:cific e c t i v l t y  of 1 u ~ / , ~ m l a .  The 

cc tual s p e c i f i c  a c t i v i t y  used, hovevcr, trzs 2.0 t o  3.3 pC,/piiolc. 

I aigze suspr-nsion =das talvkn f ron t h e  a lgae  ch&xbi.~-, cecl:rifuged, &~d, sf'ter 

I decant in3 the s ~ p e r n s t n n t  nuti.ien,t so lu t ion,  resuc~endad i n  1 xl dlatill~d 

I vater and k i l l e d  by adding 4 r a l  b o l l i n 3  e t h n a i .  The Li:n:: betveen taking 

the  sixqle and ld l l i r !  the &jae varied bi;t;vaen 10 mia 12 !:itn, 

Frac t . ionation of' the SET-ileo 

, S i n c e  i n  Expr'rinznts I a c t  11 n o t  all the sazples co-dd ,be ~riuiyzed 

si~ultmleously, the th ree  stmples with the  sane incoqxx.ztion ti23 but 

of ciiffermt stsgc;s of the c 2 l l  cycle have been :.:ori;ed up tageti~3-r .  

The c e l l s  were horio jenizeci in a Konte s Duall - . ty~je d l - s l n s s  hij!r!ogij;cnizer 

and t h e  f r e c t i o n s t i o n  procedure for t h e  insc lub le  : r ~ t e r i s l  of CkLarelle 

c e l l s  d e ~ c ~ i b e i i  e a r l i e r 3  ?ras followed. A f  tei* the  re;.mval of the  ethanol-, 

-dater-, and ether-soluble !nai;e~.ials, t h e  iiIa md El@. 1.12~2 degraded t:, 

~oluble com2onants with rf5onuclease and deoxyribocucleasc, r,:spectiusly. 

The ex t rac t ion  p:-ocedue c o n ~ i s t e d  of  s i x  ex t ree t ions  uith 5 rid 

boi l ing s3':; zthcnol, two extractLon6 w i t h  5 id 2C$ s t k a o l  heat:el: j min 

at 1500, tkiree ~ x t - r a c t i a n s  v i t h  5 ~d. -,rater hes-Lad 5 air! wt '70" .  Tho rcai- 

due uas t r e a t e d  f o r  3 h w i t h  3 xg rfbonucl@sse (Ar1z3ur, cryc tn l l i zed)  dfs- 

solved i n  3 ml of distilled vator  at 370 to yfeld the ;%A-1 f2sc t ion.  



, Ed of d i s t i l l c i  ;;zter. This ' ~ r ~ ~ ~ i ~ a ~ ' ~  with i;r;bszcclzusz 3 s ~  repeated 

0.005 N - ?.I$SO4, pE 5 (0.1 M - zc;?tate buffer) fo r  3 h at 37c an& the sus- 

g e n s o n  Mas centri-tuged a f t c r ~ ~ m r d s . .  12 so;x cases, t h e  digest ion with 

deoxyrLbonucleasi3 TES repzaled tx ice  i n  the  s a ~ c  May. TO exalude my 

cf r'ects t f i r c u ~ h  contmfnation of the saiplcs by buc'cel-in, one drop of 

tolusnc ~ 1 ~ s  &ded to the e n ~ y x i c  digestions. 

To de teminc  th:2 i-ndioactivity -of %:re t o t a l  s u s p n s i o n  of the 

single Eractions, s:;iall d i q u o t s  W C - ~  ariai onto clu3ic.s~ ~ l ~ c h e t t e s  

and counlai w i t h  c Mylar-windev S c ~ t t - t y p e  Geiger-3aller- tabe connectzd 

to a scaler .  

1 ,nnlysis  -- of the  nucieic a i d  f'ractioas 

T I I ~  n u c l e i ~  acid co:ltrfit; of the 2uclej.c mid frac-llans ~:,:es d e t e r -  

The ~ ~ . o a n t  of W U  present (in 3%) in eoeil XJA l'r.octi;x calcula$cil 

2roa. the 250 zp e:rtinztion, u s i n g  an uSiorSar-ty or' 34.4 23;- th2, nuc 1x3 - 
tides obteined fro-, a 0.154 ICrIA solution. This ext inct ion \ a s  celculateh 

fron the b~o-m ext inct ion coei'r'icients of thc cucleotidesli ,  and ii, vas 

a s s i ~ ~ c d  t h a t  the i X u  ' h c i  the f'ollowing base r a t i o :  ~ ~ t ? . E y l i ~ ' a c L C ,  0.30; 

adrmylfc ccid, 0.23; cy t idy l i c  acid, 0.255; aid ur i ay l i c  acld, ~ . 2 1 5 ~ ~ .  

XU of t h i s  c o ~ q o s i t i o n  contains 35.7'$ ca~.bon. If r u  ep l i a s l a r  dis'ci-i- 

bution of the four bases 1.xi.e asau~cd, ti: &oo~-'oancy -~:c&d be 29.1; and the 

carbon perccntege wauld bc 33.6%. The uv absorption of t i c  20.2 a t h a 0 1  



-'[ - 
ezd +,he watcr f ract ions  t;as a l so  checked to  dc.i;er?~izc m.2  traction 

oP fiuclcic acid i n  tkles;-5 fracticr!~. 

Tiie cuclzic acid f r z c t i o ~ s  :.:ero ~3-~al%--ed fk r the r  by paper c b r u -  
J b  

topeglly. 1013 Cll of t G  isz\ ~ f i . o e ~ ~ o ~ l s  v&s hyiiroly~ed by z,! at 1 ~ 3 "  for - 
4 h (in some cases, 2 h) . 500 p1 of the  D2Y. fzact icns  ( i n  sonc cases of 

';he xd.ii ff.aci.io.rlfj too) 1.rerci. hyJrokyzed \.[ii;h 5 M sc l  'or 2 h at is - 
OLndijr. to d:.,~ x c t  - frze thFina. Z1hsse hyiirolyzatas h& t o  bc evapraked 

t o  dryness three  tl:;?es a f te r  rediscolvicg in  r rat el- ttiicc LG reziove EiCl 

f i l t e r  paper md were develogad i n  ph-201-vctcr i n  t he  first dincnsioa 

 id in r?-butancl-propionic ~cid-\;a.ter i n  thn secorid diil;,ensli?n. Since 

uder thes:: s e p u a t i o n  conditions a3eni .n~ th~2zine 1 ' 1 ~ 1  to &?OS~ t h e  

solvent system clear ly  ~e2arates ctdenine c@nd th;r::~iiie. 

R&,ioaetivc cubstmces wcrz 1oc~tc .d  by e>qool:.-e c;f t!le c l ~ ~ n ~ b t o g , - ~ ~  

tc> K o d ~ k  single-cots-t.;d x-ray fiL-.,. TI* rad ioac t iv i ty  oL' Lhe s in s l e  spots 

on the chr-matogrs~ils m s  counted d i r e c t l y  on the pr)i31- ~itli?, a i . ' lyi~r-?..i in(?~~ 

Scott-type Geiger-!*:~ller tube. Tk? to-& a c t i v i t y  i n  the iuUA Sroc t i sn  

has bctcn sa.lculated from t'n:: sun of t k s c  counts and u conversior i'actor 
I 

of 11.2 t o  convert  counts to dis integrat ioos .  
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For e x a a ~ l e ,  i n  one e;ozrixect  Lhc c e l l  mmbe? c t  the begirining of the  

light phase was 31.5 106 collo/nii md at the a d  of thc foilowl= dnl-k 

pl-~si-5 l '(6 c t ' l l ~ / r ~ L .  Thus, the factor  of c e l l  ; .sultiglicetion w a s  

2 A t  tk beginning of the dapk pbci:  the na:ber of c e l l s  dividing 

i n  I c ,  d, o r  16 autospores was iletai-aicei? fi.o~ i00. d i v i d L n ~  c e l l s :  15$ 

of the  c e l l s  dividtxl into 4. a c t o s p r e s ,  ;'I$ i n to  8 sutosi?ores, cad lk$ 

in to  15 autoswree.  This nems t h a t  a m l t i p l i c a t i o n  f ac to r  of 8.5 

should be oqec t ed .  The egreencnt between the  rzult iplication fac tors  

oq,ected and observed shows that a l l  the  c e l l s  i n  tke  cu l tu re  had 

divided. 

Photosynthetic rate 

The rates of exchange of gases dui-itii the i ocuqs ra t i s i i  (if l k g 2  

foi- Edqcriiaents I end I1 ara shown in T.~blc I. The valuer3 derived froir! 

t h  iilensurrmnt of Cog pressore md 1 4 ~  ~ u t o i i ~  scildoia dlfi'erild by mre 

than 3 to ?$. A decrzase i n  t h e  photos~;r.th?tlz rate occurres during esch 

incoqaratFon p c r f ~ d  i n  t h e  s teedy -s ta te  apparatus. In addition, a de- 

creac:? of e'ne csrbcn uptake ~.ms obscl-veil . ~ i t n  progressing c e l l  dcvclop- 

m n t  vhcn carbon uptakz of th? ss::ples c r i t h  t h c  sz-.nc : n ~ 9 ~ ~ r n t i o n  l i s e  

but fro-z dii 'ferznt stages of opzhxonoils grovth were coqared .  The r a t c  

fo r  the first hour ves about '2Qk l e s s  fo r  c e l l  stzga C thm Tor A. 

The diy m i g h t  of algee re~ioved vfth each s a q l e  f roa thz  r tecdy-s ts tc  



doub$edl;r e!lmiges during the fievelounpnt of the c;.1lsO The calc-&atcd - 
dry ~ . : e i zh t  r r m a ~ ~ c d  shows a ~ 1 2 2 ;  inc:-css% &during c:;-~ch incrjlgr>yation 

srriocl. T h i s  result  vas ~t?zipcteci ,  s ince it vns essW?~d t ha t  the  ccc- 

ccnt l -a t lm of the cultl~:-@ ;;as kept constcnt by k<';e2;3ing the density as 

r:icasurtld by t h e  p'notccell et a cons t ra t  v.due. Appa-e:ltiy, changes 'in 

the  eo:~>oaitiirii of thz c e l l s  occur C ~ r i n g  the incoq~ara"iioi: p e r i d ,  whicil 

lead t o  s decreaee ir? abso~>t loz  of l i g h t b y  Ltic mile buitr of c e l i  'ixi;eel-i&, 
,. 

Date i n  thc f i n a l  co lums  of T . i b l ~  f present th.2 to.i;al wloles of 

carbon (or PC of 1-k) ir,colSpx-ated i n t o t h e  sm3le rz:nvec'i a ~ d  t h e  per- 

centege labellrig of t!~? t o t a l  cp;;:t;an of the c e l l s .  Thz ~ t s l  1 ~ 0 ,  in- '_ 

cozyoratzii end the grovch cf' Lhe c e l l s  b ~ v e  been derived. f r o m  the chrrlgc 

at. 1k02 a c t i v i t y  iri the eritii.e s t s d y - s t a t e  c y s ~ e x  durin; the growth 

period: 

Ths c ~ z u l n t i v c  grovth cf the cu l tu re  ia t;lle steady-stzte ~3~aratus 

d- ring E .pe~i:nent I11 i s  sucmrized i n  Ta.!ble 11. Durics 15 h pi;omsp';hesf.s, 

the  c e l l  nl12ss ir,creased Paurfold. 93% pMl;.ssyn?;hc'ti~ rcte during this 

ex-perLL?ent bias about l/'2 OT that obsarvzd i n  Expei-hents  1 and 11. 

In Experi3cnt 111, ii?, which the c u i t w ?  ~ 6 s  growing 1 5  h conti;\,uously 

in the stzady-state cqpcratus, a yel lo-~lcg of the c d t u r e  sad a otrocg 

accuxl~lnt ion  o? s tarc l ;  i n  the c e l l s  \;as obaerve4 af ter  6bou.t 3 h of 

srotrkh i n  the steady-state a p g a r e t ~ s .  This uas contrast t o  the coa- 

d i t i o r io  in tha  s tock c u l t u r e  a t  tbx saxe t i m e .  These nodlficetions of 

t h e  cell coziposition arc 2ro3ctSly due t o  the  high l i g h t  i n t ens i t y  t.2 is.ihfch 

t he  alga5 in the steady-state s2paratuc; have been e:.;posed ~ a i  i2ih:ch hzd 



bcsn e l e c t c ~ l  to CC:J$?CS~~C Ear -Liic; hiyil dt2:lsity 6.f t;;~? zl.gp sus- 

pensiorl for ~kie incorprSat lor ,  e ;~e rkacn t s .  T k i s  f: . ;ol~qation - 

f o r  the ific-ease in d A y  c;cj&'; of alsaz ~cr-vc;l .alc Cu.9- , h g  the i n  - 
C O - T ~ ~ ~ L O I ~  pefirr;ln is supporteci by t h e  fcct thnt ti12 ccjni;cfit in S Z A  

I of the n l i q i ~ o t s  removed does r.o.L S ~ O X  the  s m e  inzreas;., m d  ohaws a 

dzcresae +:hen cx?-esr;& i n  ter;zs of -the tots1 dg-c yei:."." suu (see Table 

n> 0 

hcolyxc.tion of 1k i n t o  tila d i lTersn t  f r a c t i ons  
... --.L.-- 

I 

The ii~co.qmrotlon 3rd distribution of 1 4 C  in sevcrii. crjrqonents of 

the cells i n  d i f f e r e n t  stages of t h e . c c l i  cycle aid a f t e r  three Incar- 

porat ion t i ~ s  are cu-amxized i u  Tc.?bl.z- 111. The rescclts are preser ted  

as yC found t%r t h e  t o t a l  aigee suspension reaaved, m i  as p3rcenta!,re 

of t h e  total r a d i o a c t i v i t y  f o ~ ~ d  i n  each Practidn. 

In thest. long-%em i n c o ~ - g ~ ? . ' ~ t i o n  e q f ?  i:'ir,.,cnt.a, z!llf xl; the 21s - 
i r i b u t i o n  of 1°C i n  t h e  various f r a c t i o n s  were z~Lzt,iv~Gy m d l .  

S i g n i f i c a t .  s h i f t s  i n  df stribution df' 1 4 ~  7,,7,,, f o , a d  th dif. - ~ 'LL  , n i  

stages of  cell m t U a t i o n  i n  our previous shart-tezi;: st .dics. " Y D C C ~ ~ ~ ~  -' .. 

the bigzest s h i f t  i n  the lon3-te:m experiments as co:~?ared with the  shart- 

t e r u  e q 2 e r i a m . t ~  . is e largc decrease 13 the  percentase of  1k fou:d in 

thc  ethunol e x t r q c t s  froin 80$ i n  a 2-r~inut@ ghotosynthesis exgeri:r,cnt to  

about 25; I n  e 4-h o r  7.'5-h eqar iment .  

In  Z q e r h e n t  111, the  27-h sarqle i n  coqmrison w i t h  th?  ctther t x o  

sm?les ~lhows thct after 12 h dar i tmss a consid.--.rablt. decxasc i n  radio- 

a c t i v i t y  occurs i n  th$ watar & the e",sol-ather f rac t ions ,  ilihile the re  

is z const-mt prcenhggc! of z ~ i o a c t l v i l y  preocnt LI the et5snol 

I f ract ion.  In zcjlition, the t v t a l  1k preaezt hcd decreased abou3 235. 



I ~ 1 ~ b o r z . t  ? 7;- t;?e -7.5' ..L .J ,.-bhod f o r  fr.aztior?.ation sf the j.nsc;lub:t. caterisl 

o f C b J s r c i l a  celln3,  the 1% had 5ecn incorporaii-d ~ f t e r  3y.e i ~ J e c t i o n  -- 
uf only  KC i i a I i l l*c~~.  Under t k n e  conciitiocs v n l y  ni-gl igible 

mounts 0:- :'glucose werz de2ected ;n the  ckro:~atodra_r ui'tei- ac id  

hyzrolysis of' the St$.-i P'mc t ion.  

I n c o ~ o r a t l o n  of ik into YJ4k 

Ths a x o u t  of  i.edioactiv;ty incoAqmz-ated i n to  R??A ues detei-ained 

by counting 313 raaicactlvlty of the separated spots or" tile cozpoi?cnts 

~ wcre identified as adenine, g u a i i i x ,  riboce, cytiaylic aciG, and urid~lic 

ccid,  and @a ninor i9&ioactivc spots  which conteined cytidine, uzidine, 

md urec i l .  3roz t he  sus of the rad ioac t iv i ty  of these c o q o ~ i l d s  a d  

the a i o u n t  ~ f '  SIP% i n  the f rac t ioc ,  the rc la t ivc  specif ic  a c t i v i t y  (or  

I values for  the RiV.4 Erwtions ,  which are swmrizcd ia 5'23. 3 ei~ci i n  ~ 
Tc'ole JSr, !mve boi-n obcoined by dividing thc  Bpni oi' Xiii\'k-l ~ r a c t i o n  by 

I . th: m s  of tQf.4 of the RVA-1 f rac t ick  ciu detzminzd by spec$r.opb';ozi;'try. 

1 : It was found t h a t  apu;-rc icbie Sut  iocor,sis';ent wvr. a'osoqtion 

o c c u r r c ~  i n  ;he LO$ e thmol  f r a c t i o n  and p a r t i c u i a ~ i y  i n  the  vater 

Cractior:. Xi; could be shotin by d i a l y s i s  t h t  rt l e a s t  755 o r  t h i s  
. . 

uv abso-rption ;:.as dus to higher !nol~c7Lar xicightl co!s~omds. The data 

i n  Table 21 f o r  the i q  -Firsi m d  percentage MXA vure. obtained by t o t d i n ~  



c;f the 260 inp ~ b s o q t i o n  :.;zs In the iEtdl fr@c t ion &?d ~22s-t  of 'th.2 re-  

~ ~ ' a c . i i o ~  y ~ s  G e l d i 3 .  These :.a@ioa cafcnleted Tor a s t a t i e , t i c e l  t e t r a -  

naci.r?ol:.idi: are 0.55 mid 3.51 ~?sy!:cf,i~e1y, mil fo r  a base c o z p s i t i \ j n  

of 33,$ h ~ a n i n s ,  235 d ~ n i u e ,  25.55 cytidine,  a ~ d  2f.$ =idine, these 

r a t i o s  are 0.57 a d  0.53. 

Tjj;;re is  a similar l i n e a r  inti-rase i n  tho. relative s p z c i f i c  n t i v i t y  of RNA 

frm 1 h to 4 h incoirporation i n  all Lhr?? stages (A, 3 mb C )  of tho 

c e l l  cycle. This  i zd icz tcs  tb t  the r a t e  of s ) ~ ~ h h e c i s  is  ~ ~ i f o r x  over 

the s e c t l u a  of the cell cycle $cote& in E:qerincr.ts I a ~ d  11. 4.t t he  

brg izn io j  of the  14c02 i n c o f p o r a t i ~ n  p:rlod tho pr:;eu.-eo.?c fo r  ti12 tEJA 

ar.2 not satul-ated with 1 4 ~  a d  CuiVZS, xhzn d r~xm l inccr ly ,  do i?ot 

in tc rczg t  t h e  axes ~ + ' : , ~ ~ - - o  U ~ L  t k a e .  FI'C~M the63 cumes it be e s t i : : ~ t e 4  

that agproxir~~tcly 1 5  to '20 minutes i s  requirai  t o  cats-ate these pi-e- 

cursors.  The l i n e a r  increase of relative s p ~ c i f i c  a c t i v i t y  elso saggeots 

tbt  Lap, p i - e c ~ r ~ ~ r ~  EIr$iPeC=lY d ~ r i v - &  fra:~ CO,.. L' . 

Till.. d2gree of labeling of b s  been divi&.ci by $hi: d c g r a ~ e  cf 

label ing of the q t i r e  cu l tu re  (see  Table I),  and the r e s i l t s  Pave been 
- 

tabulaled i n  Table N. It is readi ly  apparent thn t  the  degre2 o? labeling 

of the XJ.4 .Practiocs is :aar&edly less t'nan tha degre t  af l a l ~ e l i n g  calcu- 

l r t e d  for  the entire decal culture.  The ~co iqa ra t i vc ly  lov ls.l~.l:elin& of 

t h s  S!P, r'zaction can gi*oSably ba ek-laincd by two factors :  (1) 



..l-,- 

apPrzciable time zay r - a ~ ~ i ~ . c d  roi- tile 21i'i;er;~ediate~ invoj--~ed 121 - 
m c l e i c  acid s p t h c s i e  to bc,--;-c sa.tufELtc9 kiith L L e J  LT~ ( 2 )  w d e r  

the  conditions of c u l t u r e  i n  the  s t e d y - s t a t e  sgn;-'a-Lus, t h k  cont;cnt 

as a ps:ccntase of' ct.11. weight &t;ci-caaed; 'ih:;s ~ y f i . t h e ~ ~ i ~ &  

>;as s a a l I  ~ n d  t h e  r e s ~ l l t i n g  degree of l ab r l i ng  .~zz:ri;ecl;edly lou. 

Thz F2L9 cantent per c e l l  Incl'enued a c  the cell z~sturcci i'ro:n the 

c e l l  type charac te r i s t i c  of' saxple :i t o  c e l l  type chai-zcterlstic of 

sanple C u d e r  the  noran1 synchronous cul tur?  conditions, a d  as a 

r;-asult  the  TINA conlent  8s & pt.rcecta$e of c e l l  igci~h"u.cs~lr?ed m a r l y  

constant (coapwo saaple A-1, 3-1, and C-1, TE?ble AT). AS has bem 

noted above, although it was Lntend~d t h a t  the  conditions of c e l l  c d t u r e  

i n  'the stundy state should p ~ ~ 2 L . t ;  n ~ r ; n A  groxth, a d e c r ~ a r j e  i n  photo- 

~ynth2Xic retc m d  a l o s s  of g i s r ~ c n t  per tinit mss V ~ S  C ) $ S = W ~ ~ .  1 ,  

addi t ion ,  a m k c d  decrcasz i n  the pereentcge of KX4 i n  -Lh? c e l l s  iihiic. 

In Xxp?rinent 111, a t a t e l  incor?oration tise of 1 5  b 1,~s used. 

Ts~ice es such 1% vas incoiyo-rateit i n t o  PJL~ at 7.5 h es %ii been incor-  

porated at 4 h (based on d p / q  algae, as unfortunately, no uv-absorption 

data weFe obtain& Cor the  7.5-h saxple).. The rela'civc specific a c t i v i t y  

th* s22:e zs at 7.5 h. A t  1 5  hp the degree of label ing of' th? e n t i r e  c e l l  

labeled os the e n t i r e  c e l l  cul ture .  After  1 2  h dark, thz c2ecif ic  

~ c i i ~ i t y  of thc iUJA f x c t i o n  was  the s&ce, but ,  the t o t a l  .aQount ~f A'IA 

had decreased by zbout ;to'$ during Lne &ark rbsi ; . .  

Th* dist i- ibution of rsdioactivlty batucen the s ingle  c o ~ ~ w n z n t s  of 

DS-A i n  different stages of the c e l l  cycle i s  ts-novn i n  Tcblc V. Xo o t z i i ~ i n ~  



incolporat ior  't;isE. Ti;e averago distribution of 1'2 i s  colsp9red with 

the a;<secte& distribution bas:?& on: (1) R?iA ii'nic'n PE a ~ t a t i s t i e a l  

t?trscuclec;.tide, ,332 bascs cqxnlly lzbeled,  end () nucleic acid of the 

cor?,position reported for ~cenei?c:s:nu.;;l2. 

I ncoeo ro t i on  of i 4 ~  lnts DFlP. 

a 'lh? an.3uii.i of 1% appearing in the thpiiqc ci' tile DNA f r a c t i o n  was 

rake2 as a neesure~ient  f.jr the  sp;'tnesis of' DNA. Since thyraine is unique 

t u  L'i.IA, nny i.onIm:uinatio;; by the Lases 0: -NiA dijes not Ln'ieri'erz: The 

r e s u l t s  of tnc t h r e e  experiments arc. smar i zed  in Table V I .  

- 
t h p i n e  c ~ u l d  be detected i n  the  stages A and B. 'The syothcsis of' D14A had 

occurred 2nl.y I n  the  las t  t h i r a  .--f the 1i&t P ~ A S C - .  . Ir. Sy.seriic-3nt I smil 

mjun.Ls labeled chyiiiine appeared i n  gri'owe'n stagee' i? a d  E, but i:1 Chis 

cqcrimeat L'ne cells w=.rc rial; y e t  c\=,?r>letely synchrsnized,  and a b ~ u t  1% 

of tse cells uere i n  the  la ter  stages of the g r w t h  cycle and started 

c e l l  i i i v i s i o ~  a3.3ut 12 h af'tar t h e  start of the  l i g h t  ghese. The rad.ia- 

accivity increzsea with inc3rparstion Line, e spec i a l l y  ic Z x ~ e r i x e n t  11, 

In Expericent I11 very l i t t l e  caaioaczivi ty  is Pound i n  t tyrf! ine of 

DMA af te r  7 .5  h. T ~ E  high v a l u e  $or 1, h sho~;s that nLnofit the  ihule 

syuthes is  af DHA had ,;ccurred I n  the secand h s l f  of the l i g h t  phase of 

", h. There tlas been fu r the r  syn thes i s .  o l  DNA in the fo l i av ing  dark phasa . * i 

The amount 3:' DNA rec.avered uas v e r y  iow aird a ~ o u n t o d  to abouc 0.15% 

of the dry  ue iyk t  o? the cells. Therefare, no. e s t i m t g  could b e  ~ a d e  ~f 

the aesree af labeling of the DNA. 



.t ioc  of. 14c02 i n  t o  the  nucle ic  ' ac  iiis .;;f synckrondilsly sr3xin;; Chla-rella 

~ L - ~ Z A  each of tile three phases of t h e  czI.1 g r o ~ ~ t h  s tud ied .  .viA O : X S  

no t  eppear t o  turn  over i n  tha absence ox' net ns:~, 8)-nthesis. %:>vever, i n  

the darir, iU?A csnten: of t h e  c e l l s  decreasen. DNA s y n ~ h e s i e ,  sr turnover 

1 i n  rhr absence of n e t  synthes is ,  as ncarured Sy 1 4 ~ 0 ~  incoi>;r&tion i n t o  

1 thy~nlne, occurred only -in t h e  l a t t e r  s;a3es of' the c e l l  p r i o r  t o  c e l l  

The &yaarnFcs of the  DP?A contenc uurLng the  c e l l  cycle  i n  l a lc r s -  

org.anis:zs have been s t d i e d  by using sync'hronously graving E s c h e r i c h i ~  -J coli 

CorpeSactsriu;n diphtheriae, and budding yeastsi2. It: vas found t h t  .the 

DNA c0nter.t r e m i n s  c ~ n s t e n t  until , just p r i o r  t i r  8 i v i s i . x .  I w A ? J X J ~ ~ ~ ,  

using sp.chron9usly growing Chlore l la ,  dei;el'mined thc? IXlA and DNA content  

or' grouing c e l l s ,  which wrrc estizxated by a riodi8icat"lo af the- nucle ic  

a c i d  ex t rac t ion  nethods aI OG,Li a d  ~ o s Z ~ ? ' ~ .  I:n'J2Ti.:ii,Yr; f o w ~ d  t h t  3 $ A  can- 

tent per c e l l  iaci-eased re1a:ively unifofin1.y while t i l e  c e l l ~  .&?re develcping 

' 

i n  the  light. DNA c5c ten t  did n3t  increase  i n  the  "gro-*-~ns piiis&," bu t  E. 

r r ~ r k e d  rise i n  con tez t  occurred Ln t h e  "sporula t ion  phase." Since the  

;nethod used f o r  syxchronization by I\dP9.4lJFA i s  very diffei-ent  t h e  

u c ~ h o d s  we used, no cosiparisoi~ oi" the t i z e  s c a l e s  f o r  the  c e l l  <ievelop- 

nent  can be mde. 

LOFXNZD and R U P P E L ~ ~  decerained the RfA and DNA conzent "< C l i l ~ r e l l e  

c e l l &  s;uchronized by a ~r ,e th .~d similar t o  that which k;u used. S i A  mcl D3A 

content  :$ere detemineci c o l o r i z e t r i c a l l y  after e x t r a c t i o n  u i t h  2 gerzhl: i r ic  

a c i d  a t  70'. The W A  content  idhen exprzssed i n  terms of the undl lu iea  

silspecsion was fsuna to increase  dur iog  the  Ilrst 10 h  if 3he l i g h t  phase 



of t h e  ligkst phase. :de ;,'ii-aL o b ~ ~ i - ~ ; o ! ~  TJ>],?i sy;:tkesis 1 3  t~ I!+ h after 

t h e  lidkt ~Aasc?. D w . '  'thz pcrlod iihen GIII~?. I s  n u t  Sein,: ~ y i : t h ~ ~ i ~ e d ,  

t he  con ten t  of Dl?A ss s frac-iion oi' c e i l  welght  s h ~ u i d  bz dec reas ing .  

i4e .;:rere ililable co d i r e c t l y  coi~f ' i ra  this by o w  proc59ure. 

Chli3rei12 ce l l3  has been staiied by IWJLviU:U and ~ ~ 7 E i i ~ ~ ~ .  The noler 

c.si-cent cY guenice hzs a lxays  been hlgher- .tha t h a t  af e&ch of the 

o t h x  tiwee beoes. In aLdFtion, t h e y  rqortzd a deci-eese f n  t hz  g;lanina 

p ropa r t ion  b u r i r ~  t h s  tiae of DK.4 SF-thesis sh=reas adenine and c y t i d i n e  

chan~es ID. t h e  bese r a . t i ~  by mi- sethods. 
- / 

A s  r e c e n t l y  shu*m by Si.!:LLIZ m d  ir113?'i<3~'~, may u' t k e  cco~anly 

\ used es tk i z t i an  prrjcrdilrzs oe'nucleic ac ids  as ar;gl:ecl t o  algae are 

i n a c i c ~ ~ u a t e  unless sui t&ly i;1CJc;iis':'ie8. In 9u.r procedure, SOiGC iiFIA was 

agparer..tly e x t r a c t e d  by the 22' etbnql-ue.LeiS ex.r- , ~ z c t  . prior  ts d i g e s t i o n  

by r ib~r :uc lcase .  ' SubsLieucion st' cold 1C;$ t r icSiloroacetic acid could 

posslbly avaid this 1 . ~ 6 .  In  additioc, tho a~3unt of DEP. isolated ~ ~ s s  

lower than e.%pzcreA. 
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This in t -es t i~s t ic i i  .bras ~pbiI5sred by ehe 3 .  S. Atcnic Xnergy- Co:.mission. 

The authors v i s h  to ac:mosrlcdde the coop;ration of Dr. uTaxas -4. 

3 a s s h s ,  uhs provided us wi th  the steady-s'L.ste apparnt?is used i n  ' th is  

research, and who offered n ~ n y  valuable su&estioris es well. 



n ~ ~ t n l  
 weigh^ a l*  r&io- Deg-eL:++ 

E ~ : S  a r j r  ci 14c02 sazp1.e activiey o 
E :,-::,? L' i - ar ' ier  evslut ion iip xxc A C02/02 iiarves1e.i 01' sa:;;ple Labeling 'I i; 

n c l l  t sa?@e LLzht ( wnolez.!zill/t3) ( Liin/,;i;in/3) (XI!]()) (~8) (SC ) (5) 

*The icitial dry k7eixht of t h e  sm,gle i n  3 is esss~e i i  to be 1/5 3i' Zhs packed 
volutiie of the  cells i n  ml. S u b s e ~ u e n t  ;,.eights oP t h e  cells dur ing   he e..t;2eri:cunt 
.,ere calculated from the cuzulali.ve 1 4 ~  uy;-mke and an asswfi5-u cell ~ ~ : : ! p 9 s i t i o n  
0: 52.3% L'. 

*++The degree of inbeliag is based on %he calculate& activity inco+rporeted, the 
calcule.teci u e l g h t  02 the harvested cells, ar,d an asa-ueh c s l l  co:~?osii.ion o? 
52.3'; c .  



'The grl_lfdth ra te ,  c=%ilative g--oi;"ii =,hi',o-t;osynthe.tLc ra.&, acd cal;;ulate& 
dcyree labeliq;. Par 3- ... :,=.~i*.~:;.p- - U ,,,,,-. , ,,," 111. 

Calcula.ted 
i c ~ r , ~ ~ p l . ~ j * ~ ~ 8  lkco,: ‘- De,i;roe of' 

T h i ?  111 33.te wei;;h= u? take 1 4 ~ 0 2 / ~ 2  Label ing 
~ : & t  (q/ h )  (as) (g~/!nj_n/;s) (x1 .0~)  ($1 

%he g r b x t h  rate an! currulatiire cell 'weight expressed i n  !:LZ ciry %eight 
,,<ere calculateii ;.xm iaeesurements of 1 4 ~ 0 ~  uptsiie st, hour ly  intcrvzln. 
The ciimu~!lati-;e cell 3eight Pron  the total obce-rvsd 1 4 ~ 0 ~  up.kke vac 
67.3 at. 7.5 h (55 .55  iabele6). kt 7 1/2 h, 46% of Ihe  c u l t u r e .  ues 
rezoveh for seizple L1; at 15 h, 6 Z j  of the re i r i in ing  c u l t u r e  ;,;as bar- 
ves'ted f o r  s a q l e  L?. The lights vere turned of'f, and afcer 1 2  addi- 
t i o n a l  h, a f inal .  &&fiFle vas removed. The ca lcula t ions '  of cwrulative' 
grovth vere corrected fo r  ths saaple uhich ICES removed. 



Di~tributiou of 1 4 ~  in the fractious Ckdorella :ella in ysrifius sla.:rcs '2 

s: t he  c e l l  gro-dth 

14co 71 A " I ; E ~  T 
5 - - :.:nu: i im  E,i"Lrcteu by: 
- 

Stegz Hours incor- Sus ;.!en9ion bG!$ 
i 

P 
WJ X'chsnol- 

3: cell 2.f paraticn ualc. pC Ezhana1 Ethanol  $:ater Ether -3N.4-1 i3esLeue Recovered -- - 
_grouth L i z h t  (h) -,resent+ ?'osmd (E:mri.Esca - as 4 or PC f ~ ~ d  in t o t a l  E U S ~ ~ ~  

. I 

*Tie PC calculateti yrcaect  %as d e t e r ~ l r ~ e 2  i'rom i;ce yC of A4.C taken ~ i p  by t h e  c e l l s  i n  
th.2 s tecdy-s ta te  apparatus m c i  .She ~aiiqiiat  reiiioved (6ee '1~31e 1): The pC f3'md :;as 
deteminec? by d i r e c t  p l a t i n 3  ar~d counticg an a l iquot  of the cell suspension. 



Sela t ive 
specif'ic 
ac '; i v i  'iy 
31' &JiJ 

Rcla<ive?t**it Dn..~rec o< - 0 

'i'i!nc of Totel++?+ spec :tic le'oeling 
Al,jae Lr; Stzze l k ~ >  into:-- cctj.yity nctivity 

L 
oi' entire 

~ a c i ? l ?  of poration J i s z i Q a  C C ~ S  

(in) cycle ( h )  ( L ~ c )  ' ( 1  ( ~ 1 ~ 3 )  

Zxper imcn t I 

31.3 - A 1 1.34 b, .zJ 2.07 5.2 2); .d 
33.7 2 1.31 3.83 i: r "  3 .J il. a 32.0 
39.9 4 4 3.5d l0:3S 25.6 k4.7 

w : ~  ,3?A + caic.  dry i&,ei.gilt of' krvetrteu elgae. 

*+!-#.IIcter;~lced Iroa the total activity fourid in the identified radloactfve sgats 
a? tei- ;japer chrcmatogrephy oP the .%{A fraction. A conversion fac tor  of 11.2 
,.ies used to cozvcrt c p s  ta dpu. 

"*%The t o a i  activity in M A  divided by the total @ales C In MA ( a s s u e d  t;o ?ic 
0.357 ' x t  af  B~<A).  



A!, 

BI: 
C q 

Average 11.66 12.55 24.83 13.46 23.27 4. gLc 2;53 1.17 

*The values for  cy t i dy l i c  acid are probably  lo^: and those f o r  uridylic are .probably high, 
due t3 deaaination of <he c y i i d y l i c  acid  during'hyLrolysls .  . 

- ~ ~ a s e ~  on statis t i z e l  tetranucleatLcSe coriposition lo r  R3k. 

12 * G ~ a s @ d  on co::lposition reported f o r  Scenedesaus . 



The 1-auiosc t iv i ty  oi' the DNA-thy.zine i n  i l i f f t r e n t  stages of t h e  ceil cycle  

(dB31/i!is a l ~ a e  ) 

Hours of 1 1 ; ~ ~ ~  Incoq?~ra.L.lon 
C 

E q e r  i:n2nt Cell 
s tege 

III 

15s 373 dso 

12 h dark) 

4650 es t .  I.B,OCS 
. ( n in .  7,500) 

+lQ .I na counts aetecttzble in thymine Ere8 of c't?ronatograi. 



Exp. I *If 

Exp. IU 

Figure 1. SchczatFc ijuminry of e>.:-geri~~?ncal design. fo r  i n c o r ~ o r a t i c n  3:' 

lkcc2. A 1  desivaates 2 a sssp1.e :rsasf'e;rea io the staa.7 y -3 t a w  
npparatus j h a f z e r  the beginning of t he  l ight-phaso acd allozeil 
~0 in *,he -.,.csunc$ of 1';- r- LO;> - for cqe h. l- rerresents a 
ssa3le a l l ~ x e a  to gr&u in presence of 1k0, s ~ r  Z h ,  e t c .  The 
stages of the cell cycle fire indicatzb by . , ; and inhi- 
eating the reletive s i ze  oi thc cells md .thz m s e i  of cell 
division inside the raother cell. 



i r e  2. Vzzlat ion curves for t h e  cell die.neter obtain& l o r  the cell 
cultures of Experitaent 11. Cell slzen ltiere deters ined a t :  

Top : 0 h (.....), 3 h (-1, 7 h (-----) (srqle A )  
Miadle: 5 h (-), 12 h (-----) smple Bh, s ~ d  
Bo~tom: 13 h (- ), 17 h (-----) s a 2 l e  Cq, cad 16 h (.....) 

sfter 1nLtiation'of drowth by Luroing on the l i g h t .  
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Figure j. iieleil~.re spi.cii"ic n c t i s i  ty of. Wl-4 vs t i s e  zL' 14:02 incorpJ ra i l an  
of t!lree stages ci' Chlore1T.a culture. Stcge A ; 
Stage ,B ------; St&se C - .  . . . . 




