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S U M M A R Y  

A procedure is described for the fractionation of Chlordla cell material, labeled with 
1~C, based on solvent extraction followed by serial digestion with several enzymes, 
and extraction of the breakdown products following each enzymic treatment.  The 
cell material was divided into fractions containing the following substances or their 
breakdown products: water- and ethanol-soluble metabolic intermediates; lipids and 
pigments; ribonucleic acid; deoxyribonucleic acid; proteins and polysaccharides; 
some radioactivity remained in the residue after extraction. 

There was some variation in the purity of the various fractions. Of the ethanol- 
and water-insoluble materials, the fractions prepared by the use of ribonuclease and 
proteolytic enzymes contained only those substances to be expected following treat- 
ment with these enzymes. The deoxyribonucleic acid fraction was contaminated with 
glucose and some unidentified substances. However, clear evidence was obtained for 
the incorporation of t4C into thymine, a substance characteristic of deoxyribonucleic 
acid. 

The polysaccharide fraction, after hydrolysis, contained some amino acids from 
residual protein, but these could easily be separated from the sugars by paper or 
column chromatography. 

INTRODUCTION 

Most of the past work to investigate the incorporation of lzlC02 during photosynthesis 
has been restricted to short-term studies of the ethanol- and water-soluble materials 1. 
However, there are many problems in which the patterns of incorporation of the 
labelled carbon into the ethanol- and water-insoluble materials would be relevant. 
Although many  techniques are available for the quantitat ive analysis of the in- 
soluble materials of plant cells (proteins 2, a, carbohydrates ~, fats2, pigments ~, nucleic 
acids 2,4, etc.), there are no methods available, as far as we are aware, for the actual 
physical separation of the various constituents in order that  they may be separately 
assayed for incorporated radioacitivity. Chemical analysis of the fractions may be 
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performed in the presence of other fractions provided that  a specific method exists 
for the determination of the particular fraction under investigation. This type of 
methodology is not applicable to radioactivity measurements. In the latter case the 
criterion by which a fraction is assayed is the same for all the fractions studied, viz. 
the radioactivity. I t  is therefore obvious that  unless the fractions can actually be 
separated one from the other, no estimate can be made of the radioactivity incor- 
porated into each one. 

While purely chemical methods exist for the fractionation and separation of 
bacterial cell materials, such as the scheme devised by ROBERTS el al. 5 for the analysis 
of Escherichia coli, these methods tend not to be satisfactory for plant cells owing 
to the large amounts of polysaccharide present in the latter, which often interfere 
wir.h the various acidic extraction procedures for such substances as nucleic acids. 
No suitable methods along these lines have yet been worked out for plant cells (see 
rel. 2, p. I7). 

I t  was therefore decided to a t tempt  to develop a fractionation scheme based 
on enzymic analysis, since a greater degree of specificity for each fraction could be 
expected than when using purely chemical extraction procedures. The present 
communication describes such a scheme which has proved to be reasonably suitable 
for Chlorella cells, though further investigation has shown that  it cannot be applied 
without modification to all plant tissues. I t  consists essentially of tile following 
steps: (a) the removal of the ethanol- and ether-soluble materials; this is followed by 
a successive t reatment  by the following enzymes: (b) ribonuclease (c) deoxyribonu- 
clease, (d) trypsin and chymotrypsin alternately and (e) diastase. 

METHODS 

Growth and photosynthesis  

Cells were grown in the continuous culture apparatus described by HOLM- 
HANSEN et al. ~. The cells were harvested, washed with fresh nutrient solution, and 
1-2 ml of wet-packed cells were resuspended in 60 ml of nutrient solution MYER'S 
medium 7 and placed in the "s teady state apparatus"  described by BASSHAM et al. 8 
and WILSON AND CALVIN 9. I ml of NaHa~C03 (0.026 M; 400/,C) was added to the 
suspension and the cells were allowed to carry on photosynthesis for 4 h at a light 
intensity of 3000 foot candles. At the end of this period the cells were centrifuged, 
resuspended in 2 ml of distilled water, and lyophilized. 

A number of analytical procedures were investigated and the following has 
given the most satisfactory results. A summary  of this procedure appears in Table I. 

Soluble materials  

A portion of the dried cells (4 ° mg) was homogenized in a Potter  homogenizer 
with 6 ml of 80 % (v/v) ethanol, and the suspension subsequently heated in a bath 
of boiling water until the ethanol began to boil. The cell residue was removed by 
centrifugation, and was re-extracted with 2 ml of boiling 80 O//o ethanol. This ex- 
traction was repeated twice more. After determination of the radioactivity in each 
extract, they were pooled. The residue was next extracted with 5 ml of 20 % (v/v) 
ethanol for 2 rain at 7 o°. This extraction was repeated twice more with 2-ml amounts 
of 20 % ethanol. 
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T A B L E  I 

] D I S T R I B U T I O N  OF A C T I V I T Y  IN V A R I O U S  C H t g M I C A L  F R A C T I O N S  OF Chloye l lg  C E L L S  A F T E R  

P H O T O S Y N T H E S I S  FOR 4 H W I T H  R A D I O - B I C A R B O N A T E  

A f t e r  p h o t o s y n t h e s i s  t h e  ce l l s  w e r e  l y o p h i l i z e d  a n d  e x t r a c t e d  w i t h  v a r i o u s  s o l v e n t s  a n d  e n z y n i e s  
in  t h e  s e q u e n c e  s h o w n  b e l o w .  T h e  v a l u e s  g i v e n  a r e  t h e  p e r c e n t a g e s  of  t h e  t o t a l  r a d i o a c t i v i t y  

f i x e d  b y  t h e  Chlorella ce l l s ;  t h i s  w a s  128.  5 .  i o  6 c o u n t s / m i n / 4 o  m g  of  l y o p h i l i z e d  cel ls .  

T6taI activity Extraction A ct iv ily 
Sample No. Extracted with Temp. period (% o/total) in whole fract2(;n 

(% o/total) 

Elhanol-water and ethanol-ether soluble ]ractions 

i 8o % e t h a n o l  B o i l i n g  - -  
2 80 % e t h a n o l  B o i l i n g  - -  
3 80  °, o e t h a n o l  B o i l i n g  - -  
4 80 % e t h a n o l  B o i l i n g  - 
5 20 % e t h a n o l  7 ° 2 m i n  
6 20 % e t h a n o l  7 ° 2 r a i n  
7 20 % e t h a n o l  7 ° 2 r a i n  
8 D i s t i l l e d  w a t e r  7 ° 5 m i n  
9 D i s t i l l e d  w a t e r  7 ° 5 r a i n  

lO E t h a n o l - e t h e r  (3 : l ) 7 ° 5 m i n  
A t o t a l  e t h a n o l  s o l u b l e  f r a c t i o n  
A I,  e t h e r - e x t r a c t  o f  A 
A 2, r e s i d u e  f r o m  A ] 

27 .48  
2 .29  
0 .98  3 I ' 2 t  

0 . 40  
4 .7  ° 
0 .08  5 .8 I  
0 .43  
0 .56  
o . t 6  ° ' 7 2  

O . 1 2  O . I 2  

3 7 . 8 6  
I 5 . 6 4  
2 2 . 2 2  --- 

Ethanol-wager and ethanol-ether insoluble 

I I  

I 2  

I3  
14 
15 
16 
17 
i 8  

] 9  
2 0  

21  

2 2  

23 
24 
25 
26  
27 
28 
29 
3 ° 
31 
32 
33 
34 
35 
3 { }  

37 
38 
39 

T o t a l  r e c o v e r e d  a c t i v i t y  

R i b o n u c l e a s e  
D i s t i l l e d  w a t e r  r i n s e  
R i b o n u c l e a s e  
D i s t i l l e d  w a t e r  r i n s e  
D e o x y r i b o n u c l e a s e  
M g S ( )  4 r i n s e  
D e o x v r i h o n u c l e a s e  
MgS(94 r i n s e  
T r y p s i n  
D i s t i l l e d  w a t e r  r i n s e  
T r y t ) s i n  
D i s t i l l e d  w a t e r  r i n s e  
C h y m o t r y p s i n  
D i s t i l l e d  w a t e r  r i n s e  
C h y m o t r y p s i n  
l ) i s t i l l e d  w a t e r  r i n s e  
T r y p s i n  
l ) i s t i l l e d  w a t e r  r i n s e  
T r y p s i n  
D i s t i l l e d  w a t e r  r i n s e  
C h y m { } t r y p s i n  
I ) i s t i l l e d  w a t e r  r i n s e  
l ) i a s t a s e  
l ) i s t i l l e d  w a t e r  r i n s e  
D i a s t a s e  
l ) i s t i l l e d  w a t e r  r i n s e  
1 ) i a s t a s e  
D i s t i l l e d  w a t e r  r i n s e  
R e s i d m  

f ract ioszs  

37 6 h *  2 .56  
- -  0 .29  
37 3 h 0 .22  
- -  O . 1 5  

37 3 11"* 0 .47  
. . . .  o . l  4 
37 I h o .13  
- -  - 0 0 5  
3 7  3 9  11 2 7 - 1 7  

_ ___ 2 . 5 9  

37 24  h 2 .67  
0.{}2 

3 7  2 4  h 8 . 1 9  

- -  ~ . 4  l 

37 24 h 3 .32 
0 .92 

37 24 h o .8I  
. 0 .38  

37 24 h o.31 
- - - o .18  
37 00  11 o .09  

{ . 2 7  

3 7  20 h 3 . 5 7  

0 .44  
37 20 h {}.86 

{}.33 
37 20 h 0 .70  

- ( } . l  4 

_ _ 8.34  

1 0 5  . { } 8  

. 2  3 11 is t h e  o t ) t i m t u n  p e r i o d  fo r  t i le  f i r s t  r i l ) o n u e l e a s e  e x t r a c t i o n  (see T a b l e  11). 
I tl is  t h e  o t ~ t i m u n l  p e r i o d  for  t i le f i r s t  d e o x y r i b o n u c l e a s e  e x t r a c t i o n  (see T a b l e  I [ ) ,  

3 .22  

0 .79  

4 9 . 5 3  

6 .04  

8 .34  
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After  the  ex t rac t ions  wi th  ethanol ,  the  residue was ex t r ac t ed  with  15 ml of 
dis t i l led wa te r  for 5 min at  7 °o ; this  ex t rac t ion  of the residue was repea ted  once more 
wi th  6 ml of water .  The nex t  ex t rac t ion  of the  residue was with  6 ml of e t ha no l - e the r  
(3 : I ,  v/v) for 5 min at  7 o°. The above  ex t rac t ions  removed  those subs tances  from the 
cells which are usual ly  considered as being in the e thanol-  and  water-soluble  fract ions : 
the  soluble metabol i tes ,  pigments ,  and  lipids. 

The to ta l  e thanol - ,  w a t e r -  and  e thano l - e th e r  ex t rac t s  were combined  and ex- 
t r ac t ed  3 t imes wi th  5 ml of ether.  The to ta l  e ther  ex t rac t s  were combined  and the 
act ivi t ies  of the e thano l -wa te r - so lub le  and ether-soluble fract ions were measured.  

Nz~cleic acids 

The residue from the previous  ex t rac t s  was t r ea ted  for 6 h wi th  3 mg of ribo- 
nuclease dissolved in 3 ml of water  a t  37 °. Af te r  3 h an al iquot  was removed  for 
de te rmina t ion  of r ad ioac t iv i ty  in the supe rna t an t  af ter  centr i fugat ion.  Af ter  the 6 h 
ex t rac t ion  period,  the  suspension was centr i fuged and  the residue was washed with 
3 ml of dist i l led water .  The residue was t r ea ted  with  a fur ther  3 nag of r ibonuclease in 
3 ml of dis t i l led wate r  for 3 h at  37 °, and  the residue was again washed with  3 ml of 
water .  

Fol lowing t r e a t m e n t  wi th  r ibonuclease,  the residue was digested with 3 mg of 
deoxyr ibonuclease  in 3 ml of 0.003 M MgSO4 for 3 h at  37 °. Af ter  I h of this  digestion, 
an a l iquot  was removed  for assay  of the r ad ioac t iv i ty  in the supe rna tan t  af ter  
centr i fugat ion.  At  the end of the  3-h digest ion period,  the  suspension was centr i fuged 
and  the residue washed with  3 ml of 0.003 M MgS04. The digest ion with deoxyr ibo-  
nuclease was repea ted  (2 mg of enzyme in 2 ml of MgSO4 solution) for I h and  the 
residue was again washed with  2 ml of MgSO~ solution. 

Protein 

The residue from the deoxyr ibonuclease  ex t rac t ions  was incuba ted  at  37 ° for 
39 h wi th  20 mg of t ryps in  dissolved in 2 ml of o .o i  M potass ium phospha te  buffer, 
pHi 7.6. An al iquot  was removed  af ter  15 h for r ad ioac t i v i t y  de te rmina t ions  on the 
superna tan t .  Tile residue was washed with  2 ml of dist i l led water .  The ex t rac t ion  with  
tr3 psin was repea ted  for a fur ther  24 h at  37 °, and  the residue was again washed with  
2 ml of water .  The residue was next  ex t r ac t ed  with  chymot ryps in :  2o mg of enzyme 
was dissolved in 2 ml of o .oi  M phospha te  buffer, p H  7.6, and  the ex t rac t ion  was 
al lowed to proceed at  37 ° for 24 h. Af ter  washing wi th  2 ml of dist i l led water ,  the 
ex t rac t ion  with  chymot ryps in  (24 h) and  the washing with  wate r  was repeated .  

The residue was again ex t r ac t ed  with 2 ml of t ryps in  solution in phospha te  buffer 
for 24 h, followed b y  washing with  2 ml of water .  The t ryps in  digest ion was repea ted  
once more (24 h), followed b y  another  washing with 2 ml of water .  A final ex t rac t ion  
was made  with  2 ml of chymot ryps in  solut ion in phospha te  buffer (6o h) and  the 
residue was again washed with  water .  

Polysaccharides 

After  removal  of the  proteins,  the residue was t r ea t ed  for 20 h at  37 ° wi th  90 mg 
of mal t  d ias tase  dissolved in 3 ml of dis t i l led water .  8 h af ter  the  beginning of the  
incuba t ion  period,  an a l iquot  was assayed for r ad ioac t iv i ty  in the supe rna t an t  follow- 
ing centr i fugat ion.  The residue was washed with 2 ml of water .  The ex t rac t ions  wi th  
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diastase (for 2o h periods) were repeated twice more. A residue remained which 
was not further extracted. 

Analysis of the fractions 

The successive extractions for each fraction were pooled and an aliquot was 
analyzed by paper chromatography to check the nature of the substances removed 
from the cells by each enzymic treatment. All chromatograms were made on oxalic 
acid-washed Whatman No. 4 filter paper, and were developed in phenol--water in 
the first dimension and in ~-butanol-propionic acid-water in the second dimension ~0. 
Radioactive substances were located by exposure of the chromatograms to 1)upont 
X-ray fihn No. 5o7 E. Substances were identified by their chromatographic positions, 
by cochromatography with known markers, and by other properties such as absorption 
of u.v. light and reaction with appropriate sprays. 

All fractions extracted from the insoluble material gave unsatisfactory chromate- 
grams* unless they were first subjected to acid hydrolysis. After several trial attempts, 
the following hydrolysis conditions were found to be the most satisfactory: (a) for 
the ribonucleic acid fractions: heated at IOO ° for 2 h with I ,\7 HC1; (b) for the deoxy- 
ribonucleic acid fraction: heated at 12o ° for 2 h with 6 N HC1; (c) for the protein 
fractions: i volume of solution heated for 16 h at ~ o  ° with 8 volumes of a mixture 
of equal parts of IO N HC1 and glacial acetic acid; (d) for the polysaccharide fractions: 
heated with N HC1 for 3 h at Ioo ~. After hydrolysis, each deoxyribonucleic acid 
and each protein sample was evaporated to dryness, redissolved in water, taken to 
dryness twice more, and l~nally dissolved in water and applied to the chromatogram. 

Radioactivity determinatio~s 

Samples for assay of radioactivity were dried onto thin aluminium planchettes 
and counted with a thin-window Scott-type Geiger-Muller tube connected to a scaler. 
Substances counted directly from paper chromatograms were counted with a similar 
tube. The tubes were flushed continuously with a gas mixture consisting of 99.05 % 
(v/v) helium and 0.95 % (v/v) isobutane. 

Enzymes 

The enzyme preparations used were obtained from the following sources: ribo- 
nuclease (crystallized) and chymotrypsin (crystallized, salt-free) from Armour 
Laboratories, Chicago, Ill.; deoxyribonuclease (once crystallized) from Worthington 
Biochemical Corp., Freehold, N.J.; trypsin (twice crystallized; contains approxi- 
mately 5 ° % MgSO~) from Mann Research Laboratories, New York, N.Y.; malt 
diastase from Nutritional Biochemicals Corp., Cleveland, Ohio. 

RESULTS 

Quantitative results 

In almost every case a single extraction with a solvent or an enzyme is not 
sufficient to achieve a quantitative extraction of the substances involved. However, 
even though repeated extractions remove lesser and lesser amounts with each succes- 
sive treatment, it is extremely difficult to reach a stage where no material at all is 

* The chromatogran~s were made unsat is factory  by  immovable  origins and streaking spots. 
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removed with a further extraction s. For this reason it is necessary to select some limit 
beyond which a particular extraction would not be pursued. In practice each ex- 
traction was stopped when no more than about 0.5 % of the total radioactivity 
originally present in the sample of lyophilized cells was removed by a further treat- 
ment;  for the nucleic acid fractions this limit was reduced to about 0.2 °/o. 

Table I shows the sequence of extractions and washings and gives the radio- 
activity found in each fraction expressed as a percentage of the total radioactivity 
present in the whole sample of lyophilized cells before extraction. 

Extraction times 

During the first extraction with ribonuclease, deoxyribonuclease, trypsin, and 
diastase, aliquots were removed from the reaction vessel at various times in order to 
determine the optimum extraction period for each of these enzymes (see .XIETHOI)S 
section). Table I I  shows the activity extracted after various incubation periods with 
these enzymes. The results demonstrated that,  while there was no added advantage 
in ,extending the extraction periods with ribonuclease and deoxvribonuclease for 
longer than 3 h and I h, respectively, extraction was not complete with trypsin after 
15 h, and 24 h was adopted as the standard extraction period. Extraction with 
diastase was incomplete after 8 h, and 20 h was made the standard reaction period. 

T A B L E  I i 

E F F E C T  O F  T H E  L E N G T H  O F  T H E  I N C U B A T I O N  P E R I O D  O N  T H E  E X T R A C T I O N  O F  T H E  

I N S O L U B L E  C E L L  M A T E R I A L  B Y  V A R I O U S  E N Z Y M E S  

The va lues  g iven are the  pe rcen tages  of the  t o t a l  r a d i o a c t i v i t y  fixed by  the  ChloreIla cells.  See 
Table  I for i d e n t i t y  of the  s amp le  nos. 

Extraction Activity 
Sample No. Extracted with period ~ of total 

I I R ibonuc l ea se  3 h 2.43 
11 ]~ibonuclease 6 h 2.50 
15 Deoxyr ibonuc l ea se  1 11 o.4I 
15 Deoxyr ibonuc l ea se  3 h 0.47 
19 T r yps in  15 h 19.61 
19 T r yps in  39 h 27.17 
33 Dias t a se  8 h 2.63 
33 Dias t a se  20 h 3.57 

Composition of the extracted fractions 

Ethanol-water-soluble fraction: The nature of the compounds extracted by  each 
procedure was investigated chromatographically. The ethanol-water-soluble fractions 
contained sugar phosphates, amino acids, organic acids, free sugars, pigments, and 
lipids. After extraction of this fraction with ether, the ether contained the pigments, 
lipids, and phospholipids. These fractions were not investigated further. 

Ribonucleic acid fraction: Chromatography of this fraction after hydrolysis with 
N HC1 showed the presence of a~C, in (a) ribose (14.6 % of the total radioactivity in 
this fraction), (b) in adenine (lO. 9 %), (c) in guanine (16.4 %), (d) in uridine (7-7 %), 
(e) in uridylic acid (23.7 og), (f) in an unknown u.v.-absorbing spot (19.2 %)/ , (g) a 
small amount  in glucose (2.4 %) and (h) in two unknown spots and the origin (5.1%) 
(Fig. I). I t  was found that  the proportion of labeled glucose appearing in this fraction 
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Fig. z. Radioautogram of a chromatogram of the ribonuclease extract of CkIorelht pyrenoidosa 
after hydrolysis with I A- I ICI for - h tit ioo ) (4 h photosynthesis with 1~C()2). 

increased cons iderably  if the to ta l  ex t rac t ion  per iod with  r ibonuclease was prolonged 
for more than  6 h, 

In  another  ana ly t ica l  procedure,  cell residues, which had  previously  been ex- 
t r ac t ed  with e thano l -wa t e r  and  ethanol--ether,  were Extracted with IO% (w/v) 
perchloric  acid for z8 h at  4 ° (see ref. 4); this ex t rac t  had  the same qua l i t a t ive  and 
quan t i t a t i ve  composi t ion as ex t rac t s  p repared  with  ribonuclease.  Perchloric  acid 
ex t r ac t ed  3.4o % of the to ta l  14C of the lyophi l ized cells compared  with a to ta l  of 
3.22 % in all the  r ibonuclease ex t rac t s  and  washings (Table I). 

Deo,~3'ribonucleic acid fraction: Very l i t t le  14C was found in this fraction ( ' fable I). 
Whi le  some of the cons t i tuents  in this  fract ion,  following hydrolysis ,  could be iden- 
tified as nucleic acid components ,  this fract ion was also con tamina ted  with glucose 
and some unident i f ied compounds .  Some of the r ad ioac t iv i ty  in this  fraction coincided 
chromatograph ica l ly  with u .v . -absorbing substances  which moved  chromatographi -  
cal ly in the  posi t ions of nucleosides, nucleot ides  and ba~es. As it was very difficult to 
decide whether  the u .v . -absorbing  mate r ia l s  or ig inated  from deoxyribonucle ic  acid, 
or residual  r ibonucleic acid, a specitic search was made for the presence of thymine ,  
the only purine or pyr i in id ine  base charac ter i s t ic  of deoxyr ibonucle ic  acid as dis t inct  
from ribonucleic acid. 

The isolat ion of deoxyr ibose  is pa r t i cu la r ly  difficult since chemical  procedures  to 
remove the phospha te  from the deoxyr ibose  nucleot ides  invar iab ly  des t roy  the sugar  12 ; 
t hymine  was therefore used as the  cri ter ion of deoxyr ibonucle ic  acid extract ion.  
Labe led  thymine  was indeed detected,  indica t ing  tha t  this fract ion did contain  
deoxyr ibonucle ic  acid a l though it was seriously con tamina ted  with other  substances.  
The following d is t r ibut ion  of ac t iv i ty  was found:  thymine  (4.7 %); adenine (~.8 ~;,), 
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Fig. 2. Rad ioau togram of a ch romatogram of the deoxyribonuclease extract  of Chlorella pyrenoidosa 
after hydrolysis  with 6 N HC1 for 2 h at 12o ° (4 h photosynthes is  with 14C()2). 

Fig. 3. I~adioautogram of a ch roma togram of the diastase extract  of Chlorella pyrenoidosa after 
hydrolysis  wi th  N HC1 for 3 h at ioo ° (4 h photosynthes i s  with 14CO2). 

Biochim. l~iophys. ,,tcl~, 42 (196o) 272-282 
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other u.v.-absorbing substances (11. 4 °o); glucose plus levulinic acid (derived from 
glucose by acid treatment) (3o.6 %); unidentified substances (51. 5 %) (Fig. 2). 
Thymine and adenine are not well separated chromatographically with the solvents 
mentioned in the METHODS section. The mixed spot of thymine and adenine was there- 
fore resolved by chromatography using water adjusted to pH IO with ammonium 
hydroxide (see ref. 4, P. 252). 

In order to detect free thymine vigorous hydrolysis conditions for deoxyribo- 
nucleic acid were necessary la. Under these conditions deoxyribose is destroyed 1~. 

Protein fraction: After hydrolysis this fraction consisted solely of amino acids: 
each radioactive area corresponded t, xactly with a ninhydrin-reacting area, and each 
ninhydrin-reacting area was radioactive. No differences were seen in extracts made 
with trypsin or with chymotrypsin, and the relative amounts of each of the amino 
acids remained constant through successive treatments with the proteolytic enzymes. 

Polysaccharide fraclio~z: This fraction contained, after hydrolysis, mainly glucose 
(37.4 ..... .o of the total x4C in this fraction), together with some fructose (3.5 ~'~), amino 
acids, (39.3 ~}o), and some unidentified substances (19.8 o~,), one of which may have 
been a pentose (Fig. 3). The amino acids may be separated from the sugars either by 
treatment with Dowex 5o, or by paper chromatography, and the relative amounts 
of ~4C in each determined separately. 

Residue after extractio~t: Hydrolysis of the final residue either with N HC1 or 
with a mixture of equal parts of io N HC1 and glacial acetic acid demonstrated that 
most (65-85 9~,) of the residual 1'~C was present in amino acids. 

DISCUSSION 

The fractionation method described in this paper had been shown to be applicable 
to the separation of the various insoluble constituents of Chlorella cells. There exist 
in algal cells, as in all others, a large number of different compounds, and different 
groups of compounds, the physical separation of all of which in a pure state would 
represent an enormous undertaking. In the present study an attempt has been made 
only to separate the cells into a small number of fractions, all of which must be 
mixtures of many different individual substances. Nevertheless, it has been possible 
to separate in a more or less pure state five fractions from 1~C labeled Chlordla cells: 
ethanol- and water-soluble metabolic intermediates; fats, pigments and other ether- 
soluble components; nucleic acids; proteins; and polysaccharides. There remained 
a small residue which was shown to contain 14C mainly in amino acids. 

The ethanol-water-soluble, ether-insoluble material, containing metabolic inter- 
mediates involved in the carbon reduction cycle, tricarboxylic acid cycle, etc., have 
been studied elsewhere I and have not been further considered in the present work; 
the ether-soluble materials (lipids and pigments) have also not been further fraction- 
ated 14. The ribonucleic acid fraction, as extracted from the cell residues by ribo- 
nuclease, contained only ribonucleic acid as far as the 14C content was concerned, 
provided that the extraction conditions as described in the METHODS section were 
properly observed. If the incubation period with ribonuclease was prolonged beyond 
a total of 6 h, labeled glucose began to appear in significant amounts in the extract. 
On the other hand, too short an extraction period resulted in the presence of labeled 
ribose in tile deoxyribonucleic acid fraction. 
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The deoxyribonucleic acid fraction was the least satisfactory as regards purity. 
Some radioactivity was associated with thymine, indicating that  the fraction indeed 
contained deoxyribonucleic acid. However, many  contaminating substances were also 
present, and the hydrolysis conditions necessary for the isolation of thymine precluded 
the detection of deoxyribose. That  the separation of RNA and DNA was not complete 
is demonstrated by the presence of a trace of thymine associated with the adenine 
from the RNA'se extract;  the adenine-thymine area obtained from the DNA'se 
exl:ract was largely thymine with s o m e  (1/3) adenine. 

The alternate incubation with trypsin and chymotrypsin removed substances 
yidding only amino acids on hydrolysis. There was a distinct advantage in the use 
of two proteolytic enzymes for the extraction of protein (Table I). The main dis- 
advantage of using enzymes to extract the protein was the very long incubation 
periods which had to be used. Even after a total incubation period with trypsin and 
chymotrypsin of 219 h, proteins were still removed in the subsequent diastase ex- 
tractions, and amino acids were found in the hydrolysate of the final residue. I t  was 
considered easier to separate the amino acids from the sugars by paper or column 
chromatography after hydrolysis of the diastase extracts rather than to continue 
extraction with the proteolytic enzymes until no more ~4C appeared in amino acids. 

The substances extracted by diastase, apart  from some activity in amino acids 
as mentioned above, contained 1~C mainly in glucose. The presence of activity in 
fructose, and in an unidentified substance (probably a pentose from its chromato- 
graphic behavior) indicated the existence of polysaccharides other than glucose 
polymers in this organism. 

The fractionation methods described in this communication have also been 
aptflied to the liverwort Riella helicophylla. The procedure was not satisfactory as 
early as the ribonucleic acid stage, since large amounts of labeled glucose appeared 
in lhis fraction after a relatively short incubation period with ribonuclease (3 h). This 
organism contains large amounts of starch, as can be seen by staining with iodine, 
and part  of this starch may be rendered soluble by incubation with ribonuclease 
solution at 37 ° . Hence it may prove necessary to develop critical extraction procedures 
for each new plant species depending on the particular nature of the polysaccharide 
content. 
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SUMMARY 

T h e  v e r a t r u m  a l k a l o i d s - - v e r a c e v i n e ,  ve ra t r i d ine ,  cevad ine ,  and  v e r a t r a m i n e - - h a v e  

s imi la r  chemica l  s t r uc tu r e s  ye t  are  qu i t e  d i s t inc t  in the i r  p h a r m a c o l o g i c a l  act ions .  

V e r a c e v i n e  is inac t ive ,  v e r a t r i d i n e  a n d  c e v a d i n e  are  " l ab i l i z e r s "  or  " u n s t a b i l i z e r s " ,  

and  v e r a t r a m i n e  is an  a n t a g o n i s t  for c e v a d i n e  and  ve ra t r i d ine .  The  p rope r t i e s  of these  
c o m p o u n d s  a t  t he  a i r / w a t e r  in te r face  also revea l  m a r k e d  differences.  Sur face  t ens ion  

m e a s u r e m e n t s  in w a t e r  show surface  a c t i v i t y  decreases  in the  o rde r  v e r a t r a m i n e  > 

v e r a t r i d i n e  > cevad ine  ~ ve racev ine .  A L a n g m u i r - t y p e  film ba l ance  was used  to  

measu re  the i r  F - A  curves .  F i l m s  of the  a lkalo ids  were  uns t ab l e  because  of the i r  s l ight  
so lub i l i ty  in t he  subs t r a t e ,  and  a t e c h n i q u e  was  dev i sed  which  pe rmi t s  r ep roduc ib le  

F - A  m e a s u r e m e n t s .  Desp i t e  these  p recau t ions ,  v e r a c e v i n e  did no t  fo rm a n y  films. 
T h e  F - A  curves  for v e r a t r i d i n e  and  c e v a d i n e  show (a) an inf lec t ion  which  cor responds  
to the i r  areas  w h e n  o r i en ted  h o r i z o n t a l l y  a t  the  a /w  in te r face ,  and  (b) an  area  in 

which  the  molecu les  are  t i g h t - p a c k e d  co r r e spond ing  to m o l e c u l a r  areas  for the  ve r t i c a l  
o r i e n t a t i o n  of t he  molecules .  V e r a t r a m i n e  shows no inf lect ion in the  F - A  curve ,  b u t  
the  t i g h t - p a c k e d  fi lm occurs  a t  an  a rea  in which  this  molecu le  is o r i en ted  a lmos t  
ho r i zon t a l  to  t he  a /w in te r face .  I n t e r p r e t a t i o n  of these  resul ts  is in t e r m s  of t he  
d i s t r i bu t ion  of h y d r o p h o b i e  and  h y d r o p h i l i c  g roups  on the  molecu les ;  the i r  impl i -  
ca t ion  for p h a r m a c o l o g i c a l  ac t ion  is discussed.  
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