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THE; EFFECT OF CIELTBIN BIGLCGICALLY ACTIVE 

,Radiation k b o r a t m y  and Department of Chemistry 
University o f  Califorlzic 

Berkeley, Czlifornia 

An invest idet ion of the e f f e c t  of ixh ib i to rs ,  m t i b i o t i c s  sind other 

M o l o g i c d l y  act ive  substances on photosp thes i s  ;sG d d :  CCz f i xa t i on  might 

be expected t o  con$ribute +further t o  cur knmloclge GI these processes and, 

i n  addit ion,  t o  o f f e r  s clue t o  a better underste;<lng of the  moae o h c t i o n  

Of these chanicals d w i a ~  the i r  in terfereace with metabolism. Therefore, 

s ~ c h  a study was undertaken u s h g  t racer  t e c h i c p s  which have yielded con- 

s iderable  i n s igh t  i n t o  ohotoc~,nthesic and clerk GO2 f i x a t i c n  i n  recent ysa~s .  1 

In  "chis f i r s t  inves t iga t ion  w e  have exghred only a srrAil p a t  o f  the 

our desire to gain a broader o r ien ta t ion  within a reasonable pzriod of t i m e ,  

However, since i n  our opinion t h e  remi l t s  obfvdnsd sse~eG to open 5;uportant 

p5t .h~  for  ,further reseuch, we think it adviseblk t o  seport the d c t e  unc give 



iter0 The algae were centrifuged i n  s r e f ~ i g e r s t e d  centrifuge 

a t  1500 ropon. for  20 m b O b  resuspended in a small volume of d i s t i l l ed  wciter, 

centrifuged agzin and f i n d . l y  mspended i n  d i s t i l l e d  water t o  make a l$ sapen- 

sion, 

For p h o t ~ s p t h e s l s  experiments, 15  da of suspension were preilluninated 

for 10 minutes i n  a f l a t  C~~CULEZ 20 mLo vessel (diameter 6 cmo) with p a l e l  

class windows (Figwe l) The substance whose influence on photosynthesis was D 

t o  be tested vas added st the b e g f r a i ~  o f  t h i s  period t o  per~nit  penetration 

i n t o  the  eellso A i r  was bubbled +,hzougik- the sxipemfon a t  a r e t e  of approxi- 

mately 500 mL, per minu-tso Reflector spotlfbhts gave a l i , h t  intensi ty  sf 

about 7000 foeo on e w h  side of the  vesselo To prevent heating of the a l g i l  

smple ,  rumin,-water-cooled i ~ f r a - r e d  f i l t e r s  were placed bet wee^ the l i b h t s  

and the vesselo 

After the p re i l lmina t ion  period, a small v o P w  (50 or LOO &lo) of s 

7 '  0,024 M M&CO3 sc~~ut-,ion cmtaining 6;-4 was zxkkdo The solut ions  used had an - 
ae t i v i w  of 200 pco o r  &CiO pc per rC0 The vessel was h e d f  ztely closed with 

a grmnd glass stcj~per s 1 d  shdcen izi the  l igh t '  f3r 2 mi;13uteso Then the contents 

c f  the vessel were d-unpd rapfdly i n t o  6C1 5L0 of boiling absolute e t b ~ r ~ l ~  The 

rnix-&.me was bsiled fox about 30 secon2s 2n carder to m a k e  wire %hat dl. c e l l s  hu? 

been k i l l e d  and then c o d e d  r a p d l y  by plriei~.,g i n  rumkg wa%er0 50 or; 100 

aliquo+,s of the =.escilt,ing suspension were "p1laeddehon circukr ~~L'&num pletes  

i n  the conventional way2 and counted.  his gzve the t o t a l  a m e m t  of  ac t iv i ty  

f ixed in the experimentO S~3aeqzentijr, the mixtures were centrifuged &.nd the 

c l e w  sapmatat Lfquius decanted, 50 o r  l _ O O @ l o  of these s o l ~ t i o n s  were pla ted 

aad comted t o  determine the mount, of radioactive carboc p ~ e s e n t  i n  s o k b l e  

products , In all of our t w ~ ~ - m i x u t e  f imtf on experiments this soluble f r ac t i on  

proved t o  be 60-80 per cent o? the t o t a d o  



I n  order to  determine which compounds had become radioactive, tws- 

dimensional chromatograms were made.3 For t h i s  purpose the solutions were 

evaporated to a small valume (-1 anlo j i n  vacuo and 50 or 100 &lo  portfans -- 
then were placed on Uhatman NO, 1 f i l t e r  paper sheets (4.6 x 56 omo&) t ha t  had 

been wewashed with I$ oxalfo acid followed by d i s t i l l e d  watero Phenol-water 

was used as the f i r s t  solvent and a butaaol-water-propiorai:~ acid nixtupe as 

the secondo Radi oautographs were made using Wod& "Mcd-Sereen" X - a y  film, 

The various radioactive spots were counted d i rec t ly*  on the paper ,495 WheG 

%he ident i ty  of the compound giving a radioactive spot was doubtful, it was 

checked by co-chromatography with ca r r i e r s  and chenicd  t e s t s  a f t e r  elution 

from the paper, Finally, a survey was made of the dis t r ibut ion o f  the ac t iv i ty  

among the various compounds, This d is t r ibut ion  was expressed as percentage of 

%he total amount of radioact ivi ty  i n  the soluble f ras t ion  and as the m o w t  of 

radioactivit.y fixed per mlo of packed c e l l s ,  

The dark f ixa t ion  experiments were perforaed using comparable teahnfques, 

The compound t o  be tested was added t o  LO do of a 2% c e l l  suapensim0 The 

systems were then kept in 50 do e r l e m e y e ~  f lasks (stoppered) a t  room tempera- 

in t h e  dark fo r  150 minutes with accasiona.2 sha.kfngo After that time, 

100 ,&lo portions of r ad-ioactive N&Cn03 solutLons (200 or 4CO w ./@lo ) were 

added and the sp tems %eft" fn the dark dt? occasf onal shaking for another 40 

minutes, After t h i s  period, the algae were kSlhed and the resulting mixtxres 

analyzed i n  the sane saw as described for %he photosynttet;ie ewperhentso 

Results 

80 Dark f ixa t ion  expriments 

Typicdl examples of the r e s u l t s  w e  conpiPed in Table I, Each grow o f  

Table I represents expsriments performed a t  different tb ieso  Bowever, t he  



conditions i n  a l l  experiments were a s  nearly ident ical  as possible, Controls 

are reported for  each s e t  of experiments, GO2 dark f ixat ion was studied under 

the influence of amiaopterin (four other anit-folic substances gave essentially 

the same resul t ) ,  aupeomycin, t e r r a q c i n ,  penici l l in ,  pyrithiamln, dinitro- 

phenol, bemothiaol-2-sulfonamide, neomycin and cbloromycetin. 

With the ant i fo l ics ,  no influence on dark f ixat ion could be detected, e i the r  

i n  the r a t e  of CO;! uptake or i n  the nature or  the mount of the radioactive com- 

pounds formed, Of course, one of the d i f f i c u l t i e s  with a l l  experiments of t h i s  

type i s  tha t  it i s  hard t o  decide t o  what extent the added compound penetrated 

the ce l l ,  o r  whether it has reached the s i t e  of possible action, 

Dinitrophenol i n  a concentration of about 10-3 M completely inhibited C02 - 
uptake. It i s  even conceivable tha t  it may have k i l led  the algae during the 

experiment, We have no data on t h i s  poss ib i l i tyo  

There appears a var iabi l i ty  i n  the e f fec t  of those chemicals which have 

been tested on more than one batch of algae, i .eo penici l l in  and aureoqycin i n  

groups A and B o  It seems most l i k e l y  tha t  t h i s  difference i s  t o  be attkibuted 

t o  the different  physiological s t a t e s  of the algae used in the two se t s  of 

experiments, The evidence t h a t  such a difference exis t s  l i e s  i n  t h ~  f a c t  that 

the t o t a l  fixation by the control of group B i s  l e s s  than half tha t  by group A, 

and the dis tr ibut ion of radioact ivi ty among the soluble compounds i s  quite dif-  

ferent ,  There is, however, a cer tain amount of consistency within each groupo 

'&en there appears a re la t ive ly  large 0 2 @ 1  departure from the control i n  the 

dis tr ibut ion corresponding t o  some added compound, it seems most l ike ly  tha t  

t h i s  difference i s  a t t r ibutable  t o  the ef fec t  of tha t  compound under these par- 

t i cu la r  physiological conditionso 



The mos6 s t r i k i n g  ezfeet on the ?mi., f i xa t i on  distribution appears in 

the experimer,t o f  g o u p  A in whi& the labeling of malfc aefd is  sharply 

inhibited by pnieiSPirr (somewhat less so b;jr gyrithfmin) whi le  the total. 

fixzition is changed, very little @iOgpre 21, The experiments of group B show 

%.ersfcre, +,e disz;pc=azss 5i eft_- * b~ ud +-a u.uL~-& x i t h  penic i l l in  

mi& be ex$ainerl Ir,. E. blocking c c t i o : ~  st €:the? b or co One might expect 

13f r ~ % w d ~ t g o c  v=ied 1~ 3a e-rL-nent,s, t h e  fztafbitkm in pwap A bezng LO@, 



Bo Photosynthes is  experbent s 

The r e s u l t s  o f  photosynthesis  experiments a r e  presented  i n  Tables  I1 

and 111. Dini t rophenol  i n  t h e  c o n c ~ n t r a t i o n  t e s t e d  (3  x 1c4 &I) stopped - 
photosynthesis  as it stopped dark  f i x a t i o n .  The ~ n t i f o l i c s ,  showing no 

i n f l u e n c e  on d a r k  f i x a t i o n ,  d id  not alter phot,osynthesis, Also f o l i c  a c i d  

prcived t o  b e  wi thou t  measurable e f f e c t  i n  a  concent r a t i o n  o f  2 :: lo-' I f0  

k' e n i c i l l i n  and chloromyc e t i n  had no i n f l u e n c e  orr photosynt h  esia  with r e spec t  

t o  e i t h e r  t h e  r a t e  o f  uptake o r  d i s t r i b u t i o n o  

Xe co n c e n t m t  ed our r e sea rch  on aurneonycin hydrochloride and t e r r a r ~ y c i n  

h j r o c l i l o r i d e ,  A s  i s  shown i n  Table 11, t h e s e  a n t i b i o t i c s  x c e l e r z t e  t h e  

r a t e  of  p h o t o s p t h e s i s  under t h e  cond i t i ons  of our experiments about 2 t fmes 

when p re sen t  i n  a concen t r a t ion  o f  5 x 1r5 L ( lo .  16) .md 6 t ines (:to. 17) 

when present  i n  wncenLra t ions  of 1.5 x Lo Higher concent r a t i ons  ( b s o  

13 and 1 9 )  gave no p r e a t e r  i n c r e a s e  i n  t h e  amount of CO f i x ~ t i o n ,  1% appears  
2 

a s  i f ,  a t  t h e s e  concen t r s t i ons ,  appa rec t  pi.lotosynthesis hzs  reached a  maximum 

v e l o c i t y  l i m i t e d  by a  f r ~ c t o r  ( l i g M  i n t  e n s i t j ?  ) t h a t  i s  a lmost  id ependent sf 

f u r t h e r  changes i n  t h e  r e a c t i o n  medium, 

Vhm more s t a b i l i z e d  media and  b e t t  er-known cond i t i ons  were obtained by 

wwkfng i n  phosphate  o r  ammonium c h l o r i d e / m o n i a  b u f f e r s  no f u r t h e r  i n c r e a s e  

caased b r  t h e  a d d i t i o n s  of aureomycin could b e  demonstr,-ited0 I n  d i l l h e  b u f f e r s  

of t h i s  t y p e ,  photosynthes is  had a l r e a d y  rezcheri a e e i l i n p  v d u e o  4mrnonim 

c h l o r i d e  i n  low concent rz t ion  had a measurable, though somewhat smal le r ,  e f f e c t  

t han  hjrdrochloric  a c i d ,  lkost probably it k due i n  l a r ~ e  p a r t  t o  a pH s h i f t  and 

inc reased  bu f  f el- c a p a c i t  yo 

i !yd~o-hlor ic  a c i d  c iuses  an i n c r e a s e  i n  C02 uptake. Experiment 6 demon- 

s t r a t e s  t h a t  t h e  c h l c r i d e  i o n  does  no t  have a  measurable i n f l u e n c e  ,it a con- 

cent r - t iun  ~f ?:. I!ei ther  does t h e  i n c r e a s e  i n  i o n i c  s t r e x & h  by silt 



' -,. 4 -1 dclau-ons* hx-pcirnen~s U 3.5 in phosphate bifders of $ 7 ELI:: 5 respec- 

. . 
t i re&r  s,iL,est th;t, p H  il olj;- cxLde~ias::ts h:,s ELI ir,i"luanca on CU2 upt&*.e, 8 

F k i ~ s p h ~ t e  has a r e ~ ~ ~ l c z b l s  influence in ~~-k.k;sr 1m1 ~017-@eilt~i;tions (e+. 22 

13;.  her^ tin j.nc~scsc, 122 t: .tyzfi;3i' ci, ,Lsi$ja 2s  ~231; i n ~ x ? e ~ t , e i  bvbt t h e  

efrect  is sjlr,e+&st Lcyg5 i n  32i:e~ t~ be w?.i&&- d~ccl:~q'bsc'l! f31' f n  this ~ q r .  Itf 4& 

Piareover, a specific effect  of phocphat.e seem n ~ t  ts 5e imcoSs;t?le since 

the e u Q 7  c a b o n  ccmpoun~ s of pho%os;~c-t,hssk ar!: phosphoq-kited compotmds , 

This effect of k r d r o ~ e n  ion  e a n c e m m t l o n  pxbab17 is due ta its frSlu- 

ence oz the rate of p e n e t r ~ ~ t i c n  ol" c , ~ ~ ~ c ~ E .  Zzt: the c e l l  i , ~ t l ? e ~  tthtin t c  s 

direct  Influsnse on internal, met.zbolisa,. P u t  of the effect  of tihe hydro- 

ehlor ic  acid salts of b=th antibiotics can Ix ~tt , r ibuted ts E pH shift as 

mreoqycin and t em~uryc in  a r c  extremely we& b&aeso Lx~~~r imsn t  9 as com3wxl 



and t e m a q c i n  did  not  furnish  unequinocd e~rideace f o r  a ~ y  influence of these 

an t i b io t i c s  on photosyfithesis other than by t h e i r  e f f e c t  on the external  medium 

or  the c e l l  membrane, Direct  evidence on changes i n  the  i n t e rna l  metabolism of 

the  algae became avai lable  a f t e r  studying the cLnomtogramso 

Detailed information could be expected f r o i  t h e  chromatogaphi@ ana3.ysi.s 

o f  tire various radioact ive  p'roduct~ famed dminc  t he  photosynthesiso Group A 

of Table 111 gives some r e s u l t s  of a s e r i e s  of experiments performed on the  sane 

day wi th  the  same Bcenedesmus suspension under circumstances t ha t  were as con- 

s t a n t  as possible regarding light in tens i ty ,  temperature, technique of analysis ,  

e t e *  Compare z l so  the  reprouuctions i n  Figure 3 ,  One of the  most s t r i k ing  

fea tures  i s  t h a t  i n  a l l  treatments the a c t i v i t y  i n  most of the  well-known inter-  

mediates (phosphoglyceric acid,  carboQdrnte diphosphates und monophosphates, 

nucleotides, ser ine ,  glycine, a spa r t i c  ac id )  i s  increased in the same r a t i o  as 

the  t o t a l  uptakeo The chromatogxm lPom the  products of photosynthesis x i t h  

phosphate present shows an abnormzl increase i n  the  amount of alanine formed, 

This i s  comparable t o  the r e s u l t s  obtained from c e l l s  t h a t  have suffered GO2 

s t a rva t ion  before addi t ion of b i c a r b o n ~ t e ~  The picture obtained with awe+ 

mycfn is r a the r  normal, except for  the  high a c t i v i t y  i n  sucrose which usually i s  

obtained only i n  long-term photosynthesis experiments, 

From measurements of the  amount of t o t a l  a c t i v i t y  fixed, it is evident t h a t  

p a r t  of the  e f f e c t  of zweomycin cons i s t s  i n  the e l h i n a t i o n  of a limitiw pro- 

cess, One possible way t o  account f o r  the  general  uniformity of the increase i n  

the  various compounds i s  t o  msume an influence on t he  r a t e  of penecaation i n t o  

the  c e l l s ,  I n  addi t ion t o  t h i s  r a t h e r  general e f f ec t ,  t he  chromatographic r e s u l t s  

indizate  e f f e c t s  cn i n t e r&  processes during photosynthesis., This could be an 

accelera t ion of a process r e su l t i ng  i n  sucrose formation, inh ib i t ion  of sucrose 

u t i l i z a t i o n  o r  the  blocking of another path of c=bon, 



Group B of Table III presents res-&is horn =other s e r i e s  of experiments. 

In  th is  s e r i e s  terraqycin HG1 a d  a w e o q c i n  HC1 were neutralized t o  7 with 

NaOH before addi t ion to  the  c e l l  suspensionso The t o t a l  amount of GO2 fixed 

was lower than i n  e-qerinents using the  co r r e spond i r~  hydrochlorides but h i ~ h e r  

than i n  the  controlo  The amounl; of radiaactA.viQ i n  suerose was a l so  l e s s  than 

i n  the  hydrocUori.de treatments but  greater  t h m  i n  the controlo  

The addi t ion of  ammonium chlor ide  a s  we= as aweorn7cin t o  the csUs chmged 

the pa t te rn  of raciioactive carbon d i s t r i bu t i on  consicierablj~, The rad ioac t iv i ty  

i n  a spa r t i c  acid, glutamic acid m d  &utmdns increased markedly and the  phas- 

pliates i n  generd  showed a decrease, This i s  =other example of the change o f  

metabolic end products produced by t h e  addition of ex te rna l ly  added substances, 

6,  Growth 

The question of  whether t he  accelera t ing Si"Slxn@e o f  ~ i~neaqyc in  eLxtends 

t o  the  osrerall r a t e  of pawth  =id c e l l  cii-vision was investiga-bed by ran eq~erk-  

ment i n  which test- tube cu l tu res  of Scenedesms were grown in culture medium 
-- -- 

r i de  in the controls,  The pH of the Putter was acijusted t o  %hat. of the amso-  

d iv i s ion  d i d  not  acem i n  aiueoqpila eul twes,  No obviously disproportionate 

increase i= s i ze  of the  ~lureoqyein %rented  cel ls  oeeupred, In a separate experf- 

ment a c r y s t d  of aweompin hydrochlozide w a s  placed i n  the  center of an agar 

pour-plate of Scenedesms m d  t he  algae allowe5 $0 ,grow in the light, The 

res2;rlt was an inhibition zone (-3 em, diameter swrounded by st narrow & x i e  in 

further removed i n  whfch the m t i b i o t i @  p r e s m b l y  had no e f f ec t .  



SPiscussion 

It i s  a3roost superfluous t o  s t r e s s  tha t  with the extreme comp1exity of 

the interplay of r e a c t i m s  i n  photosynthesis it i s  nearly impossible t o  draw 

def in i te  conclusions abou-he kinet ics  responsible fo r  a certain dis t r ibut ion 

pattern of ac t iv i ty  obtained under a single s e t  of conditions. However, specu- 

la t ions  a s  t o  probable explanations of the r e s u l t s  already obteined w i l l  sug- 

gest  new l i n e s  for  investigation, For exanpie, consideration of the r e m -  

kable increase of sucrose formation b;r aureog~cin and terramlycin hhs led us  t o  

the conjecture tha t  an t ib io t ics  coUd i n  some organisms have a d i rec t  accelera- 

t i o n  e f fec t  on cer tz in  steps of metabolism, 

One might suggest the possibi l i ty  that  a,ntibiotic f'unctions posit ively 

ir, a metabolic process (as coenzyme) i n  the orgmism where it i s  produced, 

while i n  another organism with a comparable but s l igh t ly  different  enspmtic  

constructicn it acts as an i f i i b i t o r *  If t h i s  suggestion i s  true then it 

follows thz t  the susceptible organism ( t o  a p ~ r t i c u l a r  ant ibiot ic)  night i t s e l f  

contain a substance having ant ib io t ic  properties aghinst the producer of the 

i n i t i a l  m t i b i ~ t i ~ . ,  The idea of z positive mtabo l i c  function fo r  the sub- 

stances generally c d l e d  ant ib io t ics  wodd hwe considerable significance t o  

genetics and theories of evolukfon. 

S ~ ~ ,  

The imfuence of cer ta in  ant ibiot ics  a d  other biochemisdly active sub- 

stances cn GO2 f i r a t i o n  i n  the dark iind in the l i g h t  was studied by cU- t racer  

techniques, Dlnitro?henol stopped both precesses, where~s  snt i - fol ics  d id  not 

show allJr influence on the r a t e  or the pattern i n  CQ2 fixetion $. Scenedesnuc 

ol=lliyws under the  condi t ions  of our  experiments. Chlorr?ruycstin d id  net d ts r  -- 
the velocity of GO2 uptake i n  the d d ;  or i n  the light. 



Pen ic i l l i n  did not  a l t e r  the  t o t a l  upt&e of Cop but apparently a t e r e d  

+,he metabolic pa t te rn  i n  dark f ixa t ion ,  e,g, the  decrease i n  the moun t  o f  

r a d i o h e t i ~ e  malic acid formed. I n  con t ro l  eqxr iments  it was confirmed t h a t  

maiic acid becomes strongly labeled during dark GO2 f ixat ion,  Pyrithiamine 

had no s ign i f i c an t  influence on t o t a l  da-k fixation, although it lowered tkae 

a c t i v i t y  of the  m l i c  acid spat ,  

Aureomycin hydrocbJoride had m inh ib i t ing  e f f e c t  on dark f i xa t i on  i n  

concentrations of abozt lorn3 PiM. It accelerated pbo tosp the r i s  about two times - 
in 5 x 10-5 M concentration and six times i n  1.5 x 10-4 H .md higher concentra- - - 
t ions ,  T e r r q c i n  hydrochloride S ~ O F J &  a s in i l~ r  behaviour. Probably part oT 

this e f f e c t  i s  due t o  s h i f t s  in pti and m o t h e r  ?crt t o  increased b-affering 

capacity. While it was possible  t o  el iminate the  d i r e c t  pH e f fec t ,  it i s  d i f -  

f X e l l l t  t o  estiniate the  influence of the  inoressed buffer capacity, Analysis of 

the  chromtograms of the  products formed reveElled tha t  the  a c t i v i t y  i n  most cf' 

%he pmducts found i n  s h o ~ t  pe2iod p h o t a ~ p t ~ h e s i c  w ~ s  increased i_mp~rtgiondlyo 

Horiever, add i t ion  gf aursomycia produced a abx~o-ly high increase En sucrose 

and phosphate i n ~ r e ~ ~ e d  the  anount of almine produced, A short d f s ~ u s s i o n  of 
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Footnotes 

(*) The work described i n  t h i s  paper was sponsored by the U.S. Atomic 
Energy Commis d o n o  

(" ) Prof. of Chemistry, Organic Chemical Laboratorg, Royal University, Leiden, 
Hollando 

* ) Compo~!.tion af trace element solution: 2.8 x 10.5 M H3BO3, 4.5 x log6 M 
MrsO 4 H20, 3.7 x 1 ~ 7  M ZnC12, 1.6 x 10-7 M CuSD4 5 H20, 5.6 x 10% M_ ~ @ b 6 ~  H20, 1.8 x 10-2 M_ FeS04 7 H20, and i . 3  x 1p2 M - Mtar t s r c  acid. 

(****) More extensive investigations i n  t h i s  laboratory by Dr .  Dan MafDougall 
seem t o  indicate tha t  a very large  art of  the effect  o i  aureomycin 
hydrochloriae i s  due t o  buffering capacity0 



liuseo- 
D i n i t r ~ -  1lsy~I13 

phenol H6 1 - 

(I) Sach of these grozps constitxtes a sepucte s e t  of experiments done r&?ih 
a d i f f e r e n t  bat,& of  algae, 

(2) 200 p c / d .  NaHG03 used. 



S-uhs%nce q c i n  c Chloro- Neoqrcin Benza t h i ~ z  q l s  
s -57-1-6ie d ~ o n t r o l s  El  HCl qycjetin i"enicil2in rJ sulfate 2 sulfonwide 



Group 

9 

SUSS t a m e  Studied Control" kminopterin 

T o t d  co~mts/niin, 
per cells 
per 40 mino 5 6d05 5 .2x.lo5 

Soluble  ac tivit;y/ 
t o t a l  activity, 5 151~0 5ho o 

$ of control fixed 

Distribution of Activity 

FkiLic ecia 1O00 10 . 0 
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Table I1 

Effect of various chemicals on two minute photosynthesis with Scenedesm. 
L% suspension; 10 minute preperiod with the substance added. Air bubbling 
t b r  ough . 

pR a t  the 
m l o  Go2/ % cf Soluble/ start of the 

Substmce Studfed ~onc. x 13 cells control  total experiment 

10 C ~ ~ ! t m l  100 603 - 703 



Piunaghosphates r i g h t  
l e f t  

1?-:.3sphogajrceric acid arid 
Phosphoglycolic acid 

Aspastic acid 

Hydrochloric bureo- 
k i d  myc ~-LI--HC 1 -?hospbte 

Control TabLe II-ik9 Table Ilffl? Table II@z 
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Table I11 - Croup B 

Control 

$ of Activity on Paper 

Terraqycin 
Table I1 #23 

d u e  o v e i n  
Table 11 Y22 

Nucleoiiides 

Diphosphates 

Monophosphates r igh  
l e f t  

Phosphoglyeeric acid 

Phosphoglycolic acid 

P n o s p h o p v i c  acid 

A s p t i c  acid 

Serine 

Glycine 

Sucrose 

i l laxhe 

Malio acid 

G l u t d c  acid 

Ci t r i c  acid 

Aure omycin 

+ mP Table 1 #21 



Nucleotides 

Ui phosphates 

hnophosphates r ig& 
l e f t  

Fho sphoglyceric nciu 

~~osphoQj jco l i c  acii? 

Phosphopyruvic acid 
4 

A s p r t i c  acid 

Serine 

Gljrcine 

Sucrose 

fi iaaire 

b l i c  acid 

Glutamic acid 

Ci t r ic  acid 

Glutmine 

Unidentified 

Control 

Counts/minl;te/ c e l l s  

T e r r q c i n  
Table 114'23 

kure omycin 
Table 11122 

Awe omycin 
+ NH C l  

Teble h#21 



Captions to Figures 

Figure 1 - Illumination vessel for  photo&nthesis eqerimente 

Figure 2 - 
* Figure 3 - (*I Because, of the initial acidity of the paper, aspartic, 

malic and glycollic acids ran farther than usual i n  
the phenol (horizontal) direction and alanine did not 
run as far. 

Figure 4 - 







Fig. 3 



48 hrs. sPH at 

1 
10 2 0  30 

Hours af ter  innoculation 

EFFECT OF AUREOMYCIN ON CELL DIVISION OF SCENEDESMUS 

Fig.  4 




