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( R e c e i v e d  O c t o b e r  2oth,  t958)  

S U M M A  | { V  

I. Using in tac t  cells of ChIorella, inves t igat ions  were made  on the  effect of l ight 
on the levels of var ious  forms of pyr id ine  nucleotides,  compa red  wi th  tha t  on the  
photogenic  reducing agent  (R), 

2. No form of pyr id ine  nucleot ide  was fotlnd of which the concen t ra t ion  was 
affected in the same m a n n e r  as tha t  of R, which has been known to be p roduced  on ly  
in the  light and  el i lninated comple te ly  in the  dark.  

3- Under  bo th  aerobic and  anaerobic  condit ions,  light decreased the  level of 
DPN+ aud increased the  level of TPN.  Quan t i t a t i ve ly ,  there  was a cor respondence  
be tween these effects. 

4- When  algal cells were t ransfer red  in the  dark  t rom anaerob ic  to aerobic con- 
ditions: a ma rke d  decrease of D P N H  occurred,  the levels of D P N  +, T P N  + and T P N H  
remaining almost  unchanged.  The  decrease of D P N H  in tile light (in No) was assumed  
to  be b rough t  abou t  b y  the b e  p roduced  c o n c o m i t a n t l y  with the  photogenic  fo rma t ion  
of R and effecting the t r -nnfe r  of D P N H  to some subs tance  o the r  t han  DPN +. 

5- I t  was concludeo :hat (a) ne i ther  T P N H  nor  D P N H  i~ the p r ima  W R and  
tha t  (b) one of the  effects caused by  light is the convers ion of I )PN + to T P N .  

1NWRODUCTIOX 

Since the work of CALVIN and his associates 1, 2 it is now genera l ly  agreed tha t  the  re- 
duc t ive  s tep involved  in the  pho tosyn the t i c  cycle is the  t r ans fo rma t ion  of phospho-  
glyceric acid to 3 -phosphoglycera ldehyde ,  an enzymic  react ion tha t  is known to 

A l ) b r e v i a t i * m s :  D P N "  a n d  D I ~ N H ,  oxidized altd r e d u c e d  d i p h o s p h o p y r i d i n e  n u c ! c o t i d c ;  
T P N  1 a n d  T P N f t ,  o x i d i z e d  a n d  r e d u c e d  t r i p h o s p h < l p y r i d i n e  n u c l e o t i d e :  t o t a l  I ) P N  = D P N  + t 
I I I ' N H ;  t o t a l  " I P N  ~ T P N  ÷ + T P N H :  P N  + --  I ) P N *  + T P N * ;  P N H  = I I P N H  + T P N I - [ , ;  
total PN = total ])PN -I- total TPN. 
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require  D PN  or T P N  as a cofactor .  The photochemica l  reduct ion  of DPN + and  T P N  ~" 
added  to  chlorolflast  suspensions was first r epor ted  by  VISH.XtA(: .kND OCH(},\ 3, and  
repor t s  to the same effect were later  made  from several  o the r  laborator ies  (reviewed 
by  Vlstt~'ta(:'t). Using suspensions of some photosynthes iz ing  microorganisms.  
DI~YsrNs ¢t al. n,r' observed  tha t  upon  i l lumination of cells with infrared or red radiat ion 
the  a b s o r p d d n  band  at  350 m/~ sl ightly increased and  the cells emi t ted  blue fluo- 
rescence. On tlle basis of these observa t ions  they  concluded tha t  the photochemica l  
r educ t ion  of PN occurs in some earlier  phase of the  mechanism of photosynthes is .  
A fundamen taUy  different  phenom enon  u:as r epor ted  by  CHANCI" AND $.~t;l~.Ie 7 who, 
using cell suspensions of Cl:.lorella and  a m u t a n t  of Chhrmydomo~zas, observed a photo-  
chemical ly  induced spec t ra l  change which suggested rite oxidatiot, of PN caused by  
i l luminat ion.  

The  pho to - induced  ox idoreduc t ive  process occurr ing in green cells can  be s tudied  
f rom an en t i re ly  different  angle by  per forming the  "pre- i l lnmlnat ion  e x p e r i m e n t "  
using 14C as a t racer ,  an expe r imen t  which was first worked out  by CALVIN AND 
]~ENSON a, The  unknown photogenic  agen t s}  found bv  CALVIN et al. to cause a ma rked ly  
enhanced  vtCOz-fixation was fotmd by us to reac t  with,  and  to be consumed |~v, 
var ious  oxidiz ing agents  such as oxygen  ~', ClUinonet°, hydrogen  peroxide n,  and  2,6- 
d ich lorophenol  indophenoP" ,  and  it was concluded  tha t  it is a reducing agent  which, 
d i rec t ly  or indirect ly ,  causes the reduc t ion  of phosphoglycer ic  acid in the mechanism 
of pho tosyn thes i s .  I t  is, therefore ,  t empt ing  to assume tha t  the ptnotogenic agent  in 
ques t ion - - -wh ich  for convenience'% ta we call R might  be e i ther  a reduced  form of 
PN  or  a reducing suhs tance  causing the  reduct ion  of PN. 

The  t ime courses of photochemica l  format ion  of R and its decay  process occurr ing 
in the  da rk  can be followed wi th  sufficient accuracy  by measur ing  the amoun t  of 
aaCO., added  a f te r  darkening,  fixed bv R. The  present  exper iments  were unde r t aken  
in o rde r  to  inves t iga te  whe the r  and  in whaL tuanner  tlne change of R level under  
different  condi t ions  is correlatt.~] with the changes in quant i t ies  and oxid,~re(tuctix'e 
s ta tes  of T P N  and  D P N  in Chlordl¢¢ cells. Quan t i t a t i ve  de te rmina t ions  of oxidized 
and  reduced  fo_rm~ of DPN and  T P N  were conduc ted  by  enzwnic  methods ,  to which 
we d e v o t e d  a grea t  deal of effort  to  ob ta in  reliable results.  

I t  should be r emarked  in advance  tha t  the results ob ta ined  in our  exper iments  
were in m a n y  respects  c o n t r a r y  to our  expec ta t ions .  In short ,  we could not  find any  
paral lel ism be tween the change  of the R level and  tha t  of T P N H  or D P N H .  The effect 
of light upon the PN sys tem appea red  to lie, in the main,  in c~using the  t r ans fo rma t ion  
of D P N  + to T P N .  h i  add i t ion ,  a comp | i ca ted  change in the p ropor t ions  of tim PN- 
sys tem was b rough t  abou t  also by  the presence or absence of oxygen.  -While we can 
ha rd ly  re ject  the possibi l i ty  of par t i c ipa t ion  of the  PN system in some impor t an t  
pa r t  of the  pho tosyn the t i c  cycle, the  inevi tab le  conclusion we a r r ived  at  was t h a t  
the  photogenic  reducing a g e n t / ¢  is ne i ther  a pyr id ine  nucleot ide itself nor  a substance  
govern ing  direatly the  ox idoreduc t ive  s ta tes  of these nuch;otides in photosy: l thesiz ing 
cells. 

.METIIOD~ 

Material  and apparatus 

The  expe r imen ta l  organism used was the  " d a r k  cells ''l* of Chlordla dlipsoidea 
which ha d  been grown pho to -au to t roph ica l ly  by  the  me thod  repor ted  earlier  I~. 

Re[etences p, 2zo. 
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Exper iments  were performed using Appara tus  I described in one of our previous 
papers '~. The main part  of the appara tus  consisted of a round flat i l luminat ion vessel 
("lollipop") and  a :1 exchangeable " d a r k  vessel" a t t ached  to it. roe ml of algal suspen- 
sion (o.oo2 ,~I K2~'r),l containing 3.I ml packed volume of algal cells) were placed in 
the lollipop and, wi th  cons tant  bubbling of N 2 or CO~-free air, ei ther  i l luminated  or 
kept dark according to the experiment ,  At  various intervals during this t r ea tmen t ,  
aliquots (7-5 ml) of cell suspension were t ransferred to dark  vessels, each of which 
conta ined  x. 9 ml HCI or NaOH (final conch., o.I N) or NaHL~CO~ (final eoncn.,  
3" io-a  M). The samples in the dark  vessels wi th  acid or alkali were p rompt ly  warmed  
up to ~oo ~' in a boil ing-water both, and af ter  cooling they  were mmlysed for DPN 
and TPN. The vessels provided with NaH14COs were kept dark for 30 scc af ter  in- 
t roduct io~ of algal cells, mid the a4C incorporated by the effect of R was measured  i~ 
by  the method  a l ready described 9. The exper imenta l  t empera tu re  was -~3 °, and  the 
light in tens i ty  applied in the i l luminat ing e×periments was about  2 :< 3o,ooo lux. 

Deter.ruination o/reduded and oxidized/or.ms o / D I ' N  aml "l'l~N 

The principle of the methods  adop ted  was t h a t  of GLOCK A.~D McLEAN ~6, who, 
using the rat liver and  other  animal  tissues as materials,  de te rmined  the  q u a n t i t y  of 
DPN +, DPNH,  TPN + and  T P N H  separa te ly  by  the following procedure.  Taking 
advan tage  of the difference in s tab i l i ty  between PN ~ and  P N H  towards  acid and  
a l k a l i - - P N  + being stable towards acid bu t  labile towards  alkali,  while the converse 
is t rue  for P N H - - P N  + was separated from P N H ,  and  wi th  each por t ion T P N  and  
DPN were de termined by measuring their  eoenzymic act ivi t ies  d isp layed in specific 
enzymic svstems. A sys tem consisting of glucose-6-phosphate,  glucose-6-phosphate 
dehydrogenase,  cy tochrome a, and  TPN H-cytochrome ¢-reductase was used for TPN,  
and  a sys tem consisting of ethanol,  alcol, ol dehydrogenase ,  cy tochrome v, and  D P N H -  
cy toehrome v-reductase for DPN, In both  cases the rate of reaction was de te rmined  
by  measuring the rate of reduct ion of cy tochrome c, which was followed spectre-  
photometr ica l ly  at  550 m~. 

Spectrophotometr ic  readings ::'ere made  at intervals of 6 - I I  rain tak ing  as a 
reference a reaction mixture  containing only water  and  oxidized cy tochrome c. For  
each run, parallel exper iments  were performed using known quant i t ies  of s t a n d a r d  
preparat ions of TPN or DPN,  and  on the basis of the relat ionship thus  found  be- 
tween the amoun t s  of nueleotides and  the rate  of reduct ion of cy tochrome,  the  
quant i t ies  of the nucteotides conta ined in the test  samples were es t imated .  

Preparations 

Glucose-6-phosphate,  commercial  preparat ion (Sigma Co.); cy tochromc c, 
prepared from horse hear t  b y  the method  of KEILIN .X.ND HARTICF.E17; D P N H - c y t o -  
chrome c-reductase, isolated from the pig hear t  (homogenized and  centr i fuged a t  
75 ° :.~ g for t5 rain) and purified according to the me thod  of MAHLER et el. TM up t o  
Step 3 in their  procedure (neutralized ammon ium sulfate f raet ionat ion) ;  glucose-.6- 
phosphate  dehydrogenase,  alcohol dehydrogenase,  and  TPNH-cy toch rome  c-re- 
ductase,  prepared according to the methods  described by  GLOCK ASD McL],:AN ~s. 

DPN was prepared from the sheep liver according to the  m e t h o d  of LE P;~,dE AND 
MCF.I.I.F.R ~, and purified by  ion-exchange ch roma tog raphy  on Dowex-x-formate~a. 
The preparat ion conta ined  7o % DPN but  no TPN. TPN used was a commercial  
Re[erences  p. 2Jo.  
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prepara t ion  (Sigma Co.) which was found to conta in  7 6 ~'~, T P N  lint n,.') I)DN. The 
reduced  forms of bo th  DPN and  T P N  were prepared  by enzymic rcduct iom 

P r e l i m i n a r y  exper iments  

A series of pre l iminary  exper iments  were per formed to test  the applic~fl)ilitv (~f 
GLOCK AND McLEAN's me thod  to  Chlordla celt-~. "['o 7-5 ml of Chior,:ll~ suspensiotl 
conta in ing  o.2 3 ml (packed volume) of algal cells, va ry ing  amoun t s  of oxidized and 
reduced D P N  or T P N  were added,  and  immedia te ly  ther~rafter the suspensi~Jns were. 
t r e a t e d  wi th  N a O H  or  HCI (final conch.,  o . i  N) a t  ioo  ° for 2 rain. Aft~:r the t r ea tmen t .  
t he  samples  were rap id ly  cooled to o ~, then cent r i fuged in a refr igerated celdri~tlge, 
and  the  ~uperna tan t s  ob ta ined  were neutra l ized and assayed for I )PN and TPN.  ~\s 
a control ,  an algal suspension wi thou t  the  addi t ion  of PN was t r ea t ed  in the  sztme 
way.  I t  was found  from these exper iments  tha t  the acid t r e a t m e n t  led tt) ~t co:alpl(:tt- 
or  a lmos t  comple te  des tn te t ion  el  DP.NH and  T P N H  but  left D P N  ~ and T P N  + qui te  
in tac t ,  while the  alkali  t r e a t m e n t  completel3; e l iminated  D P N  + and  T P N *  bu t  lc[t 
T P N H  prac t ica l ly  unaffected.  Con t r a ry  to the  statc,-, 'ent b y  Gi.o¢:l,: el al., however ,  
abou t  o ~'' 5 /o of D P N H  was des t royed  b y  the alkali  t r e a t m e n t  (see tim results given in 
Table" I). Wi th  the  b lank tes t  using a Chlordla suspension (without  added  PN) it wz~s 
conf i rmed t ha t  the  ex t r ac t ion  process last ing h)r 2 min ztt ro0 ~ was sufficient t~ remove 
prac t ica l ly  all PN exis t ing in algal cells. I t  was also observed  tha t  the  ex t r ac t  of 
Chlordla  cells caused,  even in the  absence of the  subs t ra tcs  of dehyd~x~genascs, some 
reduc t ion  of c y t o c h r o m e  ~. ] 'he  ra te  of this " e n d o g e n o u s "  reduct ion was found to bc 
unaf fec ted  b y  tlm addi t ion  of T P N  or DPN.  In all subsequent  exper iments ,  therefore ,  
a cor rec t ion  was m a d e  for this endogenous  reduct ion.  

In  a n o t h e r  series of p re l iminary  exper iments  it wa~ h)und t ha t  the ex t r ac t  of 
Chlorella cells con ta ined  a cer ta in  subs tance  which affected more or  less ~trol]g[y" 
the  enzymic  react ions used for the  PN-assay .  D~tta of exper iments  showing this el:fl.'ct 
are presented  in Table  I. In these exper iments  the ex t r ac t s  of Ch/ordla  cells which 
were ob ta ined  b y  acid o r  alkali  t r e a t m e n t  were, a f t e r  being neutr ,dized,  adeh~:l t~ ;~ 
known  a m o u n t  of DPN or  T P N ,  and the  enzymologica l  asscy was p e r f o r m e d  using as 
a con t ro l  the  samples  wi thou t  tim addi t ion  of the  ex t rac t .  As m~tv be seen from the 
d a t a  g iven in the  table,  the  react ion for T P N H  was more  than  50 % inhibi ted i~y the 
subs tance  in quest ion,  while the  react ions for D F N t t  and  T P N  + were inhibited bv 5 %,, 
and  t ha t  for D P N  ~ remained  unaffected.  Iu  oilier exper iments  liu~ shown i~ was 
found t h a t  the degree of inhibi t ion of each nucleot ide test  remaine~i tim same in 
differen~ algal samples i e i ther  pre- i l luminated  or kept  d a r k - - p r o v i d e d  tha t  the 
same a moml t  of algal cells were 2x t rac ted  with at definite amoun t  of acid or  aikMi 
solution.  In  all subsequent  exper iments ,  therefore ,  fixed amoun t s  of ex t rac t s  which 
were ob ta ined  from fixed amoun t s  of "algal cells (see our  earl ier  description) were  
used for  the enzymic  assay to keep the  inhibi t ing effect of the unknown subs tance  
cons tan t .  "Faking in to  cons idera t ion  the  degree of decomp(;si t ion caused by  acid or  
alkali  t r e a t m e n t  and  the  effect of the unknown  substmlce interfering with the enzymic  
assay,  es t imat ions  of var ious forms of pyr idine  nucleotide.~ conta ined  in algal celts 
were ma de  b y  mul t ip ly ing  the  expe r imen ta l  values (obtained b y  compar i son  wi th  
t he  con t ro l  values  shown by  s t anda rd  PN preparat ions)  b y  the  following fac tors :  
for  D P N  + z.o, for  T P N  + I.o5, for  D P N H  2.I, and  for T P N H  2.2. 
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T A B I . E  I 

EFF/~ICTS OF 2YCII.~ AND ~%.LKAL] TI~9/,AT/~IENT UPON VARIOUS FORMS OF 1 ~  AND THE INrERFERENCE 

O~- ~O%lE SUBSTA.~%'CE CONTAINED IN ALf]AL CELLS IN THE F~NZYMIC ASMAY OF I-~% " 

(All the experiments were pQrformcd under the specific conditions describod in tho %ext.) 

l¢¢¢~very ( i .  o~j of added Reem'er , ( in %)  o] added Faetov~ /or m.lt iplicalion 
E.llracth=g recall'urn Forms P N  u/ler acid- o~ alkah'- P N  iJ~ direct ?gadings ,'1~ the 

o¢ P.V IJeatment pres¢,tee o] cell extract t4 divert readings 

o .  1 N HC.1 

o .  1 N N a t . )  H 

D P N  + l~oo ~ o o  I . o  
I ) P N H  o 

T P N  ÷ I o o  9 5  I , o 5  
T I ' N H  3 

D P N  + o 

] ) P N H  5 0  9 5  2.  I 
T I ' N  + o 
T P N H  t o o  4 5  2 . z  

Determination o/the concentration o / R  

The level of R in algal cells was determined by  measuring the  a m o u n t  of aaCO, 
fixed in 3o sec in the dark,  and  tak ing  into consideration the specific rad ioac t iv i ty  
of 14COz applied, the molar  q u a n t i t y  of fixed CO~ was calculated. Using the  la t te r  
value, the molar  q u a n t i t y  of R in algal cells was caIculated on the  basis of the  following 
relat ion:  R + 3/5 CO¢ > P (oxidized form of R) ~,- x/5 Phosphoglyceric  acid (see 
our previous papeOa). 

R E S U L T S  

Comparison of ttw time courses o/ R-level a~ut concentrations of ratio,us [or~;s of P N  
as they changed in the light and dark in N 2 atmoslbhere 

To begin with, the fates of R and  various forms of PN were followed under  the  
condit ions t h a t  have  been shown to cause a characterist ic  rise of R level in the  l ight 
and  its decay in the dark.  The cells were first kept  dark  for 2o min in iN z to  make  
them adap t  to  darkness;  then they  were i l luminated under  cont inued  bubbl ing of N2, 
and  at  intervals al iquots were removed to measure the amoun t s  of R and  various 
forms of PN. After  50 rain o[ i l luminat ion when the concentra t ions  of all factors 
a t t a ined  their  s t a t iona ry  levels, the light was tu rned  off and  the changes occurring in 
subsequent  32 rain were followed quant i ta t ive ly .  The results obta ined  are presented 
in Figs. I and  2. 

Several interest ing facts emerged from these results. VVhile bo th  TPN + and  
T P N H  increased dur ing  the light period, there occurred at  the same t ime a dis t inct  
decrease of bo th  DPN+ and D P N H .  Increase in the light of TPN+ and T P N H  followed 
to some extent  the same course as the increase of R in the light, but  quan t i t a t ive ly  the 
former was far less significant than  the lat ter .  On turning off the light TPN+ decreased 
almost  to it~ original level, but  T P N H  increased to some extent ,  while R decreased 
-eery rapidly to the zero l eve l  The level of D P N H  increased, but  t ha t  of DPN + was 
unchanged.  As a whole, the most  pronounced changes occurring under  l ight  and  dark  
conditions were those of to ta l  DPN,  and  especially of D P N H ,  and  correspondingly 

References p. 2re. 
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t h e  q u a n t i t y  of  t o t a l  P N  d e c r e a s e d  in the  l ight  artd i nc rea sed  in the  d a r k  as s h o w n  
in Fig.  2. In  a n y  case,  t h e r e  was  no fo rm  el  p y r i d i n e  nuc leo t ide  which  b e h a v e d  like 
R u n d e r  a l t e r n a t e  l ight  a n d  d a r k  cond i t ions .  I t  s h o u l d  ak;o he  n o t e d  t h a t  ev en  t h e  
m a x i m u m  c o n c e n t r a t i o n  of P N  a t t a i n e d  was far  less t h a n  t h e  stationarSz level  of R 
es t ab l i shed  in t he  l ight .  

Xl~ / ,~ - l '  ~ , ~ y = , , ' t  
60~" . . . .  LIGHT ~ _ _  DARK ~ ~ 

,ok / " • ] 
' "  .-1 oF I k ,  , : .  

: t 
~c 3 TPN + .u / 

i ~ I d I • , ,~ 
to ao ~,o 40 ~ o  ~o r e  ao 

T I M E  I N  M I N U T E 5  

F i g .  ~. C o m p a r i s o n  o f  t h e  t i m e  c o u r s e s  of  
R - l e v e l  a n d  c o n c e n t r a t i o n s  o f  v a r i o u s  f o r m s  of  
P N  i n  t h e  l i g h t  a n d  d a r k  i n  ~_~. T i l e  c e l l s  h a d  

b e e n  p r e i n c u b a t c d  i n  t h e  d a r k .  
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DARIK- ,~ tDAP 'FEI )  TO I. I G H T - A P : ' t P T E I )  C O N D I T I O N S  (IX N g  A T M O S P H E R E )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

flklO[t~ "" 1 0  - 7  g J  Ill /1,rL" ]~[¢[t~¥t.~iC~. ' 

d a t l :  l i E h t  

I ) i ' N  ' 6 .4  3 .0  - -  z ,5  
P [L-N" H 4. t o .~  "'-- 3 .3  
T o t a l  I ) P N  to .  5 4 . 7  - -  5 .8  
T P N  + t - 4  3 . o  +- x .6 
T P N H  0. 7 I .  9 ~- 1 . 2  

T o t a l  T P N  2.[  4 .9  + 2 .8  
T o t a l  I )N  r 2 , 6  q . 6  - -  3 .0  

Tile fact that in the light DPN decreased while TPN increased leads us to spec- 
ulate that light had the effect of causing phosphorylation of DPN to TPN. In Table II 
are presented the figures regarding the changes in amounts of D P N  and TPN occurring 
when the cells were brought into the light for 5 ° nfin after they had been kept in 
darkness for 20 rain. As is apparent from these figures, the increase in the total TPN 
in  t he  l ight  was  a p p r o x i m a t e l y  e q u a l  to  t he  dec rease  of  D P N  + or  oi  D P N H  a n d  a b o u t  

R e ] e ~ e m  ~ p .  2 z o .  
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one-half  tha t  of the decrease of total  D P N  in the  light. These da t a  make  it plausible 
to assume tha t  there  occurred,  at  least  part ial ly,  a photochemical  conversion of 
D P N  into TYN under  the condit ions used in out" exper iment .  

Comparison o/the time courses of R-level and concentrations o/various ]orms o / P N  as 
they changed in the light and dark in the presence o/oxygen 

An experim:¢nt similar  to  the  one described above  was per formed under  aerobic 
condit ions (under  constant  bubbl ing  of CO2-free air in the  algal suspension),  which 
has been known to cause a marked  lowering of the s t eady  level of R D. In  Figs. 3 and  4 
are shown the results obta ined,  f rom which it m a y  be seen tha t  there  was again no 
form of P N  whose course of change in the light and da rk  cor responded  to tha t  of R.  

XlO "7 ~1'  , , , "r 

I , - -  L I G H T -  - F .  . . . . . . . . .  ~ILkRK -ID 
30 

~'10 
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O 0  t ~  I I t I I 
~ 50 6 0  70  8 0  
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Fig.  3. C o m p a r i s o n  of t h e  t i m e  c o u r s e s  of  R 
l eve l  a n d  c o n c e n t r a t i o n s  of  v a r i o u s  f o r m s  o l  
P N  i n  t h e  l i g h t  a n d  d a r k  u n d e r  a e r o b i c  corn- 
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Fig.  4- F a t e s  of  t o t a l  PN ,  P N  + a n t i  P N H  i n  
t h e  e x p e r i m e n t  s h o w n  in  Fig.  3. 

d i t i o n s .  T h e  ce l l s  h a d  b e e n  p r e - i n c u b a t e d  i n  t h e  d a r k  u n d e r  a e r o b i c  c o n d i t i o n s .  T h e  e x p e r i m e n t  
w a s  p e r f o r m e d  u n d e r  c o n s t a n t  b u b b l i n g  of  COe- f ree  a i r  t h r o u g h  t h e  a lga l  s u s p e n s i o n .  

Some differences m a y  be not iced be tween  the results  of tlte present  exper imen t  and 
those of tlte preceding one. The most  dis t inct  difference was tha t  in the  present  
expeximent the  level of D P N H  r e m a i n e d - - b o t h  in the light and  d a r k - - v e r y  low, 
and tha t  the  decrease of D P N  + (and not  of D P N H )  in the  light was  a lmost  equal  to 
the  increase of to ta l  T P N ,  as is apparen t  f rom the da t a  presented  in Table  II1. 

Effect of oxygen upon the levels el various forms o] P N  in the dark 

Since the exper iments  descr ibed above  suggested tha t  the pa t t e rn  of the  P N  
sys t em in algal cells was modified b y  the  effect of oxygen,  the  following exper iment  
was performed.  The algal cells, which h a d  been adap ted  to anaerobiosis  (by  bubb l ing  
of Nz) in the dark  for 30 rain, were sudden ly  exposed  to air (by bubb l ing  of CO~-free 
air), and  after  the  pa t te rn  of the PN sys tem a t t a ined  a s t e a d y  s tate ,  the  ceils were  
again sub jec ted  to  anaerobiosis,  tile whole exper iment  being performed in comple te  
darkness.  The changcs in concentra t ions  of var ious  forms of P N  observed  dur ing 
these t r ea tmen t s  are i l lustrated in Figs. 5 and 6. As m a y  be  seen, the  levels of D P N  +, 

Re]erences p. azo. 
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L ~  
du rh ligh 

D P N +  4-3  3 . 0  - -  x-3 
D P N F i  o.-,  0 .4  - -  o . z  
TGt,~] [ ) [ ' N  4 .5  3 .4  z . ]  
T I ' N  -- i -4 z. l " o. 7 
T P N H  0 . 6  o . o  -J- 0 .3  
T o t a l  T P N  2 .o  3.~, -F t . o  
T o t a l  P N  6.5 {) .  ~ o .  ] 

T P N  + a n d  T P N H  s h o w e d  o n l y  i n s i g n i f i c a n t  c h a n g e s  o n  t r a n s i t i o n  f r o m  a n a e r o b i o s i s  

to aerobiosis and v i ce  ve r sa .  Striking changes were observed in the level of D P N H  
which decreased markedly on t ransi t ion from anaerobiosis to  aerobiosis and  increased 
appreciably on transition in the reverse direction. Similar changes took place in 
the l eve l s  of P N H  and total PN. The fact that the level of D P N  ÷ remained almost 
constant while that of D P N H  changed markedly compels us to  infer that under 
the conditions studied D P N H  was produced from, and converted into, s0mc unknown 
substance{s) other than D P N  +. 
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F i g .  6. F a t e s  o f  t o t a l  P N ,  P N  + a n d  P N H  in  t h e  e x p e r i m e n t  s h o w n  i n  F i g .  5. 

DISC USS[ON 

The data presented in Fig. x showed that in N~ the level of D P N H  in algal cells 
decreased in the light and  incremscd in the dark,  and that these changes were n o t  

Relere . ces  p.  ~ro.  
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accompanied by corresponding reciprocal changes of DPN +. The s ta te  of affairs was 
similar to t ha t  observed in the experiment  shown in Fig. 5, and  it seems to suggest 
tha t  the changes of D P N H  observed in the i l luminat ion exper iment  (Fig. r) were 
due, not  to the direct effect of light, but ra ther  to the effect of oxygen which was 
produced in the light and disappeared in the dark  (see TAMIVA at al.tZ}. Tha t  th~ 
decrease of D P N H  in these cases was not  accompanied by  a corresponding increase 
of DPN+ m a y  suggest the occurrence of some complicated react ion such as;  : D P N H  
-b pyrophosphate  --> reduced nicot inamide mononucleot ide  + ATP. Natura l ly ,  the 
s i tua t ion  is in need of clarification by  fur ther  exper imentat ion.  

On inspecting the da t a  presented in Tables I I  and I I I ,  it is found t h a t  bo th  
under  anaerobic and  aerobic condit 'on~ the decrca.~e of DPN+ in the light was ap-- 
proximate ly  equal to the increase of to ta l  T P N  in the light. Since no such correspond- ; 
ence was observed in the dark  exper iment  using air and No_ (Fig. 5), it seems likely 
tha t  light had the effect of conver t ing D P N  + into T P N  in algal cells. The quest ion by  
what  mechanism such a phosphor3' lating react ion could be brought  about  photo-  
chemical ly  is left open to fur ther  investigations,  
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