
S H O R T  C O M M U N I C A T I O N S  I 0 I  

Distribution of nucleic acids among subcellular fractions of Chlorella* 

In  a previous  s t u d y  ~ i t  was observed tha t  the  base composi t ions  of R N A  and D N A  
fract ions ob ta ined  from Chlorella cells b y  the  SCHMIDT-THANNHAUSER 2 me thod  change 
s ignif icant ly in the  course of synchronous  growth.  To pursue this observa t ion  further ,  
cells of Chlorella ellipsoidea were d i s rup ted  and f rac t iona ted  into three subcel lular  
components ,  and  the nucleic acids were isola ted from these three fractions.  The 
d i s t r ibu t ions  and some character is t ics  of the nucleic acids are repor ted  here. 

Chlorella cells were d i s rup ted  with  a F rench  pressure cell (Amercian I n s t r u m e n t  
Co., Inc.,  Silver Spring,  Md.) a t  o° -4  ° in a medium conta in ing  7 ° m M  KC1, 2 m M  
Ca ~:+, and  5 m M  Mg ++. Over  95 % of the  cells were d i s rup ted  by  being pu t  th rough  
the a p p a r a t u s  twice. The r u p t u r e d  cell mater ia l  was centr i fuged at  o ° for a shor t  
per iod  to e l iminate  the  remain ing  whole cells and  cell debris.  Then it was centr i fuged 
successively at  20,000 x g for IO rain and at  lO5,OOO x g for 9 ° rain to give pel le ts  
R- I  and  R- I I ,  respect ively.  The first pellet  (R-I) was da rk  green and  consisted main ly  
of broken chloroplasts .  The second pellet  (R-II )  was pale green and the final super-  
n a t a n t  fluid was clear and  amber .  An example  of chemical  analyses  on the three 
fract ions is shown in Table  I. R N A  is d i s t r ibu ted  in all three  fractions,  bu t  D N A  is 
found almost  exclus ively  in R- I  and  S. R - I I  consists ma in ly  of r ibonucleoprote in  
part ic les .  The r ibonucleoprote in  par t ic les  ob ta ined  in a sucrose medium (0.20 M 
sucrose, 2 m M  Ca ++) and which can be degraded  with  RNase  had  sed imenta t ion  
coefficients (s20, w) of about  40, 55 and 75 S. P re l iminary  assays showed tha t  the 
re la t ive  amoun t  of R N A  in the  three fract ions and of D N A  in the  two fract ions t ha t  
conta ined  it var ied  in the  course of synchronous growth.  

T A B L E  I 

CHEMICAL ANALYSES ON THE THREE CELL FRACTIONS OF Chlorella el l ipsoidea 

Cell  m a t e r i a l s  : 3 .6  g in  d r y  w e i g h t .  

A mount of material in cell fraction (rag) Whole 
Material 

R-I R-II  S homogenah 

C h l o r o p h y l l  * 5 ° 0 .03  o .oo  55 
R N A * *  22 27 8. 4 6 i  
D N A * * ,  *** 3.1 0 .36  3.5 7-5 
P r o t e i n  § 51 o 85 200  82o  

* M e t h a n o l  e x t r a c t i o n s .  
* * SCHMIDT-THANNHAUSER m e t h o d  2. 

** * DISCHE diphenylamine  reaction 2. 
§ Biuret reaction. 

The same d is t r ibu t ion  of D N A  into two fract ions as shown in Table  I was also 
found in homogenates  p roduced  by  a lumina  gr inding 3 and b y  the Hughes  press 4, or 
when o ther  d i s rup t ing  med ia  were used (e.g., O.l-0.5 M sucrose or 0.02-0.15 M salts  
in combina t ion  with o, I0  -4, and  2" IO 3 M Ca ++ and o, I0  -3, and  5" I0 3 M Mg++). 

A b b r e v i a t i o n s :  R N A ,  r i b o n u c l e i c  a c i d ;  D N A ,  d e o x y r i b o n u c l e i c  a c i d .  
* A p a r t  o f  t h i s  c o m m u n i c a t i o n  w a s  p r e s e n t e d  to  t h e  F e d e r a t i o n  o f  A m e r i c a n  S o c i e t i e s  fo r  

E x p e r i m e n t a l  Bio logy-  ( A m e r i c a n  S o c i e t y  fo r  B i o l o g i c a l  C h e m i s t r y ) ,  A t l a n t i c  C i ty ,  N . J . ,  A p r i l  
1 3 - 1 7 ,  1959.  
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A frac t ionat ion  of the d i s rup ted  cell mate r ia l  wi th  a sucrose gradient  (from IO to 60 %) 
at  17oo rev./ 'min for 3o min 5 gave the same result  and no DNA was de tec ted  in cell 
components  heavier  than  the broken chloroplasts  (R-I).  The broken chloroplas ts  
purif ied by  repea ted  differential  cent r i fugat ion  conta ined  D N A  as well as RNA,  and 
they  were s ta ined  a diffuse reddish purple  wi th  the  Feulgen reagent ,  while the whole 
cell was s ta ined  by  the dye in one or several  locations.  

The nucleic acids were isolated by  de tergent  ex t rac t ion  (a modif icat ion of the 
KaY AND DOUNCE method< v) with Duponol  C (E. I. Du  Pont  De Nemours  and Co., 
Inc.,  Wi lmington ,  Del.) (see ref. 4). Abou t  6o % of the  to ta l  nucleic acids was usual ly  
ob ta ined  as e thanol -prec ip i tab le ,  nondia lysable  mater ia l .  The nucleic acids thus 
ob ta ined  were hydro lyzed  with alkali ,  and  the DNA was separa ted  from the ribo- 
nucleot ides of the R N A  by  prec ip i ta t ion  with  acid and solubil izat ion with alkal i  
three t imes. The results  are shown in Table  I I .  The R N A  in the supe rna tan t  conta ins  
more cytosine and less adenine than the R N A  of the pa r t i cu la te  fractions,  and the 
DNA in R- I  (DNA-I)  contains  more thymine  and adenine than  the DNA in the 
supe rna t an t  (DNA-I I ) .  

T A B L E  I I  

B A S E  C O M P O S I T I O N S  O F  T H E  N U C L E I C  A C I D S  I S O L A T E D  F R O M  T H E  

THREE CELL FRACTIONS OF CMorella e l l ipsoidea I 

Analyses  from severa l  s a m p l e s  ob ta ined  by  us ing different  methods ,  each run in dup l i ca te :  
RN A (5samples )  by  ion-exchange  and paper  c h r o m a t o g r a p h y  of ribonucleotides8,9; DNA 
(4 samples)  by  pape r  c h r o m a t o g r a p h y  of bases  a f te r  d iges t ion  wi th  72 % HC104 (3 samples)  9 
and  ion-exchange  c h r o m a t o g r a p h y  of deoxyr ibonuc leo t ides  8 a f te r  DNAse  and venom diges t ion  

(t sample)  I°. 

Range of moh: per ten! in 
Nuch' ic  acid Base t omposi t ion  

R-1  R - I 1  S 

RNA Uracil  23-24 23 24 2i 24 
. \den ine  24 27 23 -'7 18 24 
Cytosine  23 -'5 2 2 - ' 4  20 3 ° 
Guan ine  -'4 3o 27 3 ° 25 3" 

I)NA "Fb_ynline 22 28 19 -2 i 
. \denine  24 28 21-23 
Cytosine  24 28 27-30 
Guan ine  2o 28 28-30 

Tile phosphorus  metabol i sm of the  two DNA fract ions was examined  with a2p 
tracer.  An inoculum for the synchronous cu l tu rO prepared  in unlabeled  medium was 
grown at  I6  ° wi th  azpo 4 present  under  a s a tu ra t i ng  l ight in tens i ty ,  and  the cells 
were harves ted  at  17 h when they  were increasing in mass  but  were not  synthesiz ing 
DNA (Expt .  i) .  Ano the r  inoculum tha t  had  grown in a a2p medium for three genera-  
t ions was grown synchronous ly  in an unlabeled  medium,  and the cells were ha rves ted  
at  52 h when they  had  jus t  begun to synthesize D N A  1 (Expt .  2). In  both  cases the  
two fract ions conta in ing D N A  were isola ted and digested with DNAase  and snake 
venom phosphodies terase  (kindly suppl ied  by  Dr. L. AS'rRACHAN of this Labora to ry ) ,  
and  the specific ac t iv i ty  of the sepa ra t ed  (individual) deoxyr ibonucleo t ides  was 
measured.  The results  are shown in Table  I I I .  Here it can be seen t ha t  D N A - I  tu rns  
over  faster  than  D N A - I I  in terms of phosphorus.  
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TABLE 211 

LABELING AND DELABELING OF DNA-I  AND DNA-2I WITH 32t) 

In  specific act ivi ty:  coun t s /min /#mole  P. 

Expt. DNA -I DNA-II 

I* 3700 12oo 
(161o-53oo) ** (56o-187 ° ) 

2*** 39 ° 18oo 
(IOO-7oo) (I lOO-244o ) 

* A nonlabeled inoculum grown synchronous ly  in a s2p medium.  The specific activities of the 
whole cells and of the culture medium at  the harves t  were 21,ooo and 13o,ooo counts /min/ / ,mole  
P, respectively. 

** Figures in parentheses  are the m a x i m u m  and m i n i m u m  specific activities for the four 
const i tuent  nucleotides, the average of which appears  above them.  

***A labeled inoculum grown synchronously  in the unlabeled medium. The specific activities 
of the whole cells at the s ta r t  of the culture and at harves t  were 12oo and 28o counts/nlin/l~mole P, 
respectively. At harvest ,  the DNA content  per  cell ~.as 1. 3 t imes as great  as tha t  at the start .  

From all these findings, we conclude that  DNA exists in two physically separable 
subcellular components in Chlorella cells and that  the two DNA's differ from each 
other in metabolic activity as well as in base composition. I t  is also possible that  
DNA-I exists in or on the chloroplasts, whereas DNA-I I  is in the cytoplasmic portion, 
probably in a nucleus-like body in the cytoplasm of Chlorella cells. (Shortly after we 
had completed the work reported here, STOCKING AND GI~FORO presented a paper in 
which they demonstrated the uptake of labeled thymidine by the chloroplasts of 
the alga Spirogyra~°). 
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