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finie s~) ° est de 4,15 S. Ces deux techniques confirment la 
puretd de cette prdalbumine. L'ensemble de ces rdsultats 
permet d'affirmer la rdalitd de la prdalbumine. 

Ses caract6res de solubilit6 sont les suivants: elle est 
prdcipit6e par l'acide trichloracdtique ~ 5%, par l'dthanoi 

Fig. 1. Electrophor~ses de la pr~albumine. (a)Electrophor~se sur 
papier A pH 8,6: pr~albumine pure (droite) - Sdrum enrichi en pr~- 
albumine (gauche). (b)Electrophor~se sur gel d'amidon It pH 8,9: 
prdalbumine pure (droite) - S~rum enriehi en prdalbumine (gauche). 
(c) Electrophor~se libre de la pr6albumine pure/t pH 8,6, (d) Electro- 

phor~se libre A pH 8,6 du s~rum enrichi en pr~albumine. HObilit~ ~10 ~ 
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Fig. ~. Courbe de mobilit6 61ectrophor6tique de la pr~albumine en 
fonction du pH. Force ionique 0,1. 

30%, par l'~bullition. Son coefficient d'absorption 
27s  m r  = 12,5. 

Ses principales propri6t6s chimique ont ~t6 d6termin~es: 
14,2% d'azote par la microm6thode de Kjeldahl, 96% de 
peptide par le biuret, 0,9% d'osamines a p r ~  une hydro- 
lyse de 4 h ~ I00°C par HCI 3N° 2,3% d'hexoses et  2,3% 
d'acide sialique; elle ne contient pas de phosphore. 

SCHULTZe et al. z ont d6termin6 quelques earact6ris- 
tiques physico-chimiques de la pr~albumine qu°ils avaient 
~tudi~e en 1956. Ils donnent  une mobilit6 61ectrophor6- 
tique de 50% sup~rieure/t celle de l 'albumine pour la pr~- 
albumine purifi6e et ils admettent  que ia valeur de la 
mobilit6 augmente avec la purification, les pr6parations 
peu purifitLes ayant  une mobilit6 de 20% sup6rieure/t celle 
de l 'aibumine. 

Pour routes nos pr6parations, nous avons trouv6 sen- 
siblement la m~me valeur de mobilit6 61ectrophor6tique: 
20% de plus que l°albumine. L'61ectrophor~se sur papier  
(Figure I a) ou en veine liquide (Figure ld)  d 'un  s~rum 
enrichit en pr~albumine (20 mg/ml) confirme cette 
donn6e: la fronti&re pr6albumine, tr~s apparente, a la 
m~me mobilit6 que celle obtenue lot, s de l°61ectrophor~se 
de la prot6ine pure. Notons que la position de la bande 
pr~aibumine dans l'61ectrophor~se en gel d°amidon est en 
accord avec cette valeur de mobilit6 16g~rement plus 
61ev~,e que celle de l'albumine° les deux prot6ines ayant  
des poids mol6culaires voisins. 

Le pHi, qui n 'avai t  pas encore ~t6 d6termin6, est proche 
de celui de l'albumine. Ida constante de sttdimentation est 
en accord avec celle de SCtlULTZE et al. t. Cependant, la 
courbe de variation de la vitesse de sc~iimentation en 
fonction de la concentration est une droite de pente n~ga- 
t ire (s = 4,15S-0,08c) alors que SCHULTZR et al. I ob- 
tenaient une droite de pente nulle. 

Quant aux propri~t~s chimiques, SCHULTgK et aL t trou- 
vaient 1.1% d'hexoses, 0,15% d'hexosamines et absence 
d'acide sialique, Nous trouvons des pourcentages nette- 
ment plus ~lev6s pour ces diff~rentes substances gluci- 
diques; ces valeurs sont confirmctes par le taux d°azote 
relativement iaible, le pourcentage de peptides, et par le 
fair que la pr~albumine est l&g~rement color,re par le r6- 
actif de Schiff apr~s oxydation p~riodique en ~Iectro- 
phor~e sur papier. 

Ainsi, la pr~albumine obtenue par cette nouvelle m~- 
thode de preparation se pr~ente  comme une entit~ pro- 
t~ique; il s'agit, vraisemblablement de la prot6ine raise en 
~vidence par SCHULTZlg et aL z, bien que certaines des 
caract,~ristiques physico-chimiques de ces deux prot~ines 
different d 'une fa~on significative. 

Summary. Prealbumin is prepared by a new method. 
Its homogeneity is demonstrated and its electrophoretic 
behaviour is discussed. Some new physico-chemical 
characteristics are determined, 

R. GOT et R. BOURRILLON 

Laboratoire de Biochimie, Facultd de Mddecine, Paris 
(France). le 26 octobre 1962. 

T h i n - L a y e r  C h r o m a t o g r a p h y  of 
D e o x y r i b o -  O l i g o n u c l e o t i d e s  

Chromatography has been used extensively as a tool for 
characterization of nucleotides. Despite much effort and 
many previous improvements in this fieldl. t  the criteria 
of chromatography (efficient and rapid separations, high 

sensitivity, mildness and reprcMucibility) have not been 
completely met by the techniques so far developed. 

t E. A. Pzl"zRsos attd tt. A. SonKs, J. Amer. clwm. Soc. ira, 75t 
(1~56). 

t R. V, Tout.lssos and G. M. 'I'KNI~R, J. Amer. chem. S~x'. s4, 264.1 
0962). 
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T h i n - l a y e r  c h r o m a t o g r a p h y  (TLC) b a s e d  on  ion-ex-  
c h a n g e  ( D E A E -  a n d  ECTEOLA-ce l lu lose )  h a s  b e e n  s h o w n  
r e c e n t l y  8 to  give good a n d  r ap id  r e so lu t ions  of r ibonuc leo-  
side mono- ,  di-,  a n d  t r i p h o s p h a t e s .  I n  t h e  p r e s e n t  com-  
m u n i c a t i o n  we wish  to  desc r ibe  a m e t h o d  for  t h e  sepa -  
r a t i o n  of deoxyr ibo -o l igonuc leo t ides  w h i c h  a p p e a r s  to  
m e e t  t h e  a b o v e  c r i t e r i a  op t ima l ly .  

A l t h o u g h  p o l y e t h y l e n i m i n e  ( P E I )  is k n o w n  to  b e  f ixed 
s u b s t a n t i v e l y  o n  cel lulose f ibers  4, PEI -ce l lu lose  h a s  n o t  
b e e n  used  u n t i l  r e c e n t l y  s in  a n i o n - e x c h a n g e  c h r o m a t o -  
g r aphy .  Cellulose i m p r e g n a t e d  w i t h  P E I  offers some  dis- 
t i n c t  a d v a n t a g e s  as  c o m p a r e d  w i t h  t h e  D E A E - ce l l u l o s e  
h i t h e r t o  used.  

Experimental. Preparation oJ the deoxyribo-oligonudeo- 
tides. T h y m i d i n e - o l i g o n u c l e o t i d e s  were  p r e p a r e d  a n d  
c h a r a c t e r i z e d  acco rd ing  to  t h e  p r o c e d u r e  of KHORANA a n d  
VlZSOLYI6. R e m o v a l  of t e r m i n a l  p h o s p h o m o n o e s t e r  
g r o u p s  was  ca r r i ed  o u t  w i t h  a lka l ine  b a c t e r i a l  p h o s p h o -  
m o n o e s t e r a s e  (W'o r th ing ton ) :  0.2 ~moles  of p h o s p h o -  
m o n o e s t e r  groups ,  c o n t a i n e d  in  a f ina l  v o l u m e  of 0.04 m l  
wa te r ,  0.01 m l  of 0.05 M t r i h y d r o x y m e t h y l  a m i n o m e t h a n e  
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Fig. 1. PEI-cellulose thin-layer chromatogram. Thickness of the 
layer 0.5 mm. Applied quantities: 2 txl of the stock solutions. The 
plate was developed with 0.7 M NaC1 for 5 min, then in the wet state 
immediately transferred to 1.0 M NaCI, after 15 min transferred from 
there to 1.g M NaC1 and teft tbere for 30 min. Distance covered: 

7.5 cm. 
Fig. 2. PEI-cellulose thin-layer ehromatogranl. Thickness of the 
layer 0.5 mm. Applied quantities: 2 t~l of the stock solutions. Solvent : 

0.25 M NaC1. Distance covered: 6.5 cm in 30 rain. 
Fig. 3. DEAE-celiulose thin-layer chromatogram. Thickness of the 
layer 0.5 ram. Applied quantities: 2t~I of the stock solutions. Solvent: 

0.2 M NaCL Distance covered: 8.7 cm in 20 min. 
Fig. 4. DEAE-paper ehromatogram. Applied quantities: 10 t~1 of the 
stock solutions, Solvent: 0.2 M NaC1. Distance covered: 8.7 cm in 

35 min. 
List o/Compounds: (Abbreviations as currently adopted by the J. biol. 
Chem.) 1 = (pT)i, 2 = (pT)2 , 3 = (pT)a, 4 = (pT)4, 5 = (pT) 5, 6 = 
(pT):, 7 = (pT)~, 8 = TpTpT, 9 = TpTpTpT, I0 = TpTpTpTpT, 
11 = (pdA)a, 12 = Thymidine-3',5'-cyclic phosphate, 13 = Cyclo- 

pTpTpT 

buf fe r  (pH 8.0), 4 ~g of t he  p h o s p h a t a s e  in  0.01 m l  buffer .  
T h e  d e p h o s p h o r y l a t i o n  was  comple t e  a f t e r  3x/2 h a t  37 ° C, 
d -Adeny ly l - (3 "  --~ 5 ' ) - d - a d e n y l y l - ( 3 ' +  5 ' ) - d - a d e n o s i n e - 5 '  
p h o s p h a t e  was  p r e p a r e d  a c c o r d i n g  to  RALPH a n d  KHO- 
R A N A  ? . 

Preparation o /PEI -  and DEAE-cellulose layers. 3 g of a 
50~o (w/v) so lu t ion  of P E I  in  water ,  w h i c h  is commerc i a l l y  
a v a i l a b l e  s a rc  d i lu t ed  w i t h  6 m l  d is t i l led  wa te r ,  n e u t r a l -  
ized b y  a d d i n g  c o n c e n t r a t e d  h y d r o c h l o r i c  acid,  a n d  filled 
u p  w i t h  w a t e r  to  a f ina l  v o l u m e  of 15 ml .  T h i s  so lu t ion  is 
d ia lyzed  in  a Visk ing  35/100 fee t  d ia lys is  t u b i n g  aga ins t  
3 1 -por t ions  of d is t i l led  wate r .  T h e  m a g n e t i c a l l y  s t i r red  
dia lys is  b a t h  is c h a n g e d  a f t e r  4 a n d  8 h,  a n d  t h e  r u n  is 
f in i shed  a f t e r  20 h.  T h e  so lu t ion  is fi l led u p  w i t h  dis t i l led 
w a t e r  to  a v o l u m e  of 150 ml .  

A s lu r ry  is p r e p a r e d  b y  m i x i n g  15 g oI cel lulose powder  
MN 300 for  T L C  9 w i t h  90 m l  of t h e  d ia lyzed  P E I - s o l u t i o n  
a n d  s h a k i n g  v igo rous ly  for  30-45  sec. 10-15  ml -po r t i ons  
of t h e  s u s p e n s i o n  o b t a i n e d  a re  p o u r e d  o n t o  glass  pla tes ,  
10 × 20 cm in  size, a n d  s p r e a d  o v e r  t h e m  b y  m e a n s  of a 
s imple  n e w  a p p l i c a t o r  x°. The  p l a t e s  m u s t  b e  t h o r o u g h l y  
c l eaned  b y  b r u s h i n g  w i t h  a d e t e r g e n t  a n d  s u b s e q u e n t  
r ins ing  w i t h  d is t i l led  wa te r .  T h e  l aye r s  a re  a l lowed t o  d ry  
for  a b o u t  15 h a t  r o o m  t e m p e r a t u r e .  T h e  d r y i n g  p rocedu re  
c a n  be  acce le ra t ed  b y  m e a n s  of a h a i r - d r y e r  (50°C). 

To  avo id  cracks ,  i t  h a s  p r o v e d  useful  in  t h e  case of the  
PEI -ce l lu lose  layers  to  s c r a t c h  in l ines  a t  t h e  b o t t o m  of 
t h e  p la t e ,  a b o u t  2 c m  long  a n d  0.5-1 m m  wide,  5 m m  a p a r t  
f r o m  e a c h  o the r .  Moreover ,  t h e  l aye r  is s c r aped  off a b o u t  
I c m  o n  b o t h  long  sides of t h e  p la t e s  b y  m e a n s  of a s p a t u l a  
in  o rde r  to  ge t  a s t r a i g h t  s o l v e n t  f ron t .  These  a re  crucia l  
p o i n t s  of t h e  p rocedure .  

L a s t  t r aces  of impur i t i e s ,  n o t  r e m o v e d  b y  t h e  dialysis ,  
a re  r e m o v e d  b y  d e v e l o p i n g  t h e  p l a t e s  in  a j a r  fi l led up : 
w i t h  dis t i l led  w a t e r  to  a h e i g h t  of 0 .5-0.8 cm.  B e f o r e  ca r ry -  
ing o u t  t h e  c h r o m a t o g r a p h y ,  t h e  l aye r s  are  d r i e d  w i t h  
a h a i r - d r y e r  (5 min ,  60°C).  

I t  is also feasible  to  m o d i f y  t h e  p r o c e d u r e  so t h a t  the  
cel lulose p o w d e r  is i m p r e g n a t e d  w i t h  n o n - d i a l y z e d  poly- 
e t h y l e n i m i n e ,  w a s h e d  w i t h  wate r ,  a n d  dr ied.  Such  a prod-  
u c t  will  be  m a r k e t e d  in  t h e  n e a r  f u t u r e  1°. DEAE-ce l lu l -  
ose l ayers  were  p r e p a r e d  as  r e c e n t l y  desc r ibed  a. D E A E -  
p a p e r  was  t h e  c o m m e r c i a l l y  a v a i l a b l e  W h a t m a n  p r o d u c t  
(DE 20-paper) .  

Chromatography. ( 1 ) P E I - c e l l u l o s e  layers .  2 id of the  
o l igonuc leo t ide  s amples  ( c o n c e n t r a t i o n :  a b o u t  6 0 . D .  
u n i t s  p e r  ml)  a re  app l i ed  f rom a p o i n t e d  m i c r o p i p e t  a t  a 
l ine  3.0 e m  f rom t h e  lower  end  of t h e  p la te .  Ascend ing  
c h r o m a t o g r a p h y  is ca r r i ed  o u t  w i t h  s o d i u m  chloride 
so lu t ions .  T h e  j a r s  a re  filled w i t h  t h e  so lven t s  to  a he igh t  
of a b o u t  0.5 cm.  T h e  p l a t e s  are  i m m e d i a t e l y  d r ied  af te r  
c h r o m a t o g r a p h y  in  a s t r e a m  of h o t  air .  T h e  spo t s  are 
loca ted  b y  m e a n s  of a n  u l t r a v i o l e t  l amp .  ( 2 ) D E A E -  
cellulose layers .  T h e  c h r o m a t o g r a p h y  is ca r r i ed  o u t  as 
r e c e n t l y  desc r ibed  3. ( 3 ) D E A E - p a p e r .  A s c e n d i n g  chro- 

a K. P.ANDERATH, Angew. Chem. 74, 484 (1962), internat, ed. 1, 435 
(1962). 

a H. WILFXNG~R, Das Papier 2, 265 (1948). 
K. RA~OEm~TH, Angew. Chem. 74, 780 (I962), internat, ed, 1, 
553 (1962} ; Biochim. Biophys. Acta 61, 852 (1962). 

e H. G. KHORA~A and J. P. VIzsoLYI, J. Amer. chem. Soc. 83, 675 
(1961). 

7 R. K. RALPH and H. G. KaORAN& J. Amer. chem. Soc. 83, 2926 
(1961). 

s Badische Anilin- and Sodafabrik, Ludwigshafen/Rhein (Germany). 
Macherey und Nagcl, Diiren (Germany). 

10 Obtainable from Serva-Entwicklungslabor, Heidelberg (Germany). 
Of course, the applicator described by STAHL n can also be used. 

11 E. STAtlL, Chemiker-Z. 82, 323 (1958). 
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matography  is carried out with sodium chloride solutions. 
Details see legend to Figure 4. 

Results. As can be seen from Figures 1, 3, and 4, PEI-  
cellulose TLC offers considerable advantages as compared 
with DEAE-cellulose TLC and with DEAE-paper  chro- 
matography.  The PEI-cellulose layer gave sharply del- 
ineated spots, whereas the spots on the DEAE-eellulose 
layers are more diffuse. The least satisfactory results 
are  obtained with DEAE-paper .  The sensitivity decreases 
in the order :  PEI-cellulose layer, DEAE-cellulose layer, 
DEAE-paper ,  being for the la t ter  a t  least ten times smaller 
than  for PEI-cellulose. Radioactive labeling of the com- 
pounds will of course further increase the sensitivity of the 
PEI-cellulose technique. The anion-exchange procedures 
have, as compared with part i t ion chromatography of 
oligonucleotides t2 the additional advantage of requiring 
a minimum of time. As it seems to us, an important  feature 
of the method is the remarkable mechanical stabili ty of 
the PEI-cellulose layer which permits writing on it like 
on a sheet of paper. Moreover, the nitrogen content of the 
impregnated cellulose can be varied over a relatively wide 
range so tha t  the chromatographic conditions can be 
adapted  to the analytic requirements. 

In  the case of the impregnated PEI-celluloso there is 
apparent ly  a principal difference as compared to the sub- 
s t i tu ted  DEAE-ceUulose. Compounds with free phospho- 
monoester groups are on FEI-cellulose, in contrast  to 
DEAE-cellulose, more retarded than can be predicted 
from the net  charge of the molecule (Figure 2). For  cx- 

ample, compare TpTpTpTpT (No. 10) with (pT)s (No. 3), 
both having a net charge of four, or (pT)t (No. 1) with 
TpTpT (No. 8), both having a net charge of two. Base 
differentiation between adenine and thymine derivatives 
of the same type is also observed on PEI-cellulose (see 
Figure 1: (pT h and (pdAh). 

The results make it clear that PE[-ccllulose TLC may 
be a valuable analytical tool in nucleic acid chemistry. 
The possibility of applying this method in column chro- 
matography is under current investigation t=. 

Zusammen/assung. In der vorliegenden Untersuchung 
wird gezeigt, dass Dfinnschichtchromatograpllie yon Des- 
oxyribo-oligonucleotiden an Cellulose, welche zuvor mit  
PolyILthylenimin imprttgniert worden war, hinsiciltlich 
Empfindlichkeit und Sehnelligkeit der Trennung den bis- 
her bekannten Methoden tiberlegen ist. 

G. WEI~tAUU and K, RANDERATH 

Institut /itr organische Chemie, Technische Hochschule, 
Darmstadt (Germany). October 11, 1962. 

It G. W ~ t A u u  and H. G. KU0RAUA, J. Amcr. chem. $oc. 84j 419 
{1o6~). 
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S t r i p - T r a n s f e r  M e t h o d  A p p l i c a b l e  in  
T w o - D i m e n s i o n a l  P a p e r  C h r o m a t o g r a p h y  

Normally the two separations in two-dimensional 
paper  chromatography are carried out on one sheet of 
filter paper. Only a rather  narrow strip, however, is 
necessary in the first development, whereas the rest of 
the paper  can be omitted. I t  should be possible, therefore, 
to s tar t  with one-dimensional chromatography on a 
s t r ip  of filter paper. Then the developed chromatogram 
can be extended in two opposite directions with rect- 
angular sheets of filter paper of appropriate size. One 
sheet serves to absorb the solvent in the second separa- 
tion, which separation is carried out perpendicular to the 
one-dimensional direction in the second sheet. 

Advantages of this method arc: (1) I t  allows the use 
of smaller chromatography boxes than those usually 
applied in two-dimensional chromatography. (21 A con- 
siderable decrease of the amount  of solvent necessary in 
the  first separation. (3) The possibility of carrying out  
both  separations in the ,same fibre direction of the paper. 
(4) A one-dimensional separation by  paper electro- 
phoresis can be combined with a second separation by  
means of paper  chromatography in a direction perpen- 
dicular to the first one. (5) The possible influence of the 
solvent from the first run on the second separation will 
be decreased, since only a small par t  of the two-dimen- 
sional chromatogram has been in contact  with the first 
solvent. (6) Two different types of filter paper can be 
used for the two subsequent separations. 

Methods for at taching segments of a chromatogram to 
another sheet of filter paper have been described mainly 
in one-dimensional chromatography, e.g. by sewing t ' t ,  or 
by pressing between a folded sheet s, or by inserting into 
a rectangular hole 4. These methods, however, are rather 

laborious. SCltLOOL and S m e l l  s have pressed segments 
of one-dimonsionM chromatograms to sheets of filter 
paper by means of two glass plates covering the segments 
totally. This method can also be applied in a subsequent 
two-dimensional separation of a one-dimensional chroma- 
togram. The procedure° however, did not appear  to be 
generally applicable, as will be shown below. 

We have developed the following method: A segment 
of a one-dimensional paper chromatogram or an electro- 
pherogram of 26 × 2.5 em containing the larger par t  of 
the compounds separated is at tached to two sheets of 
filter paper by means of two pairs of gl,~ss bars as shown 
in Figure 1. We used a wooden planchet provided with rt 
groove having the same form as the glass bar, see Figure 
2. After first putt ing one bar in this groove one of the 
sheets is put  upon the  bar with its appropria te  edge, 
covering about  4 mm of tbis bar. Subsequently the other  
sheet is placed in the opposite direction covering the 
first sheet over a length of about  3 ram. Final ly the two 
papers are Fressed together by  a second bar  and clamped 
by two clamps, see Figure 3. One can make use of 
weights t0 prevent the sheets moving from their  positions 
during handling. The method has been tested both with 
Whatman No. I and with Wlla tman No. 541 filter paper. 
The resulting chromatograms wore comparable with 
normal two-dimensional chromatograms. The compounds 
however, are not removed quant i ta t ively  from the strip, 
if the edges of the sheets are not completely covered by  
the bars. 

t L.A. BoGos, AnM. Citem. ~4, 1673 (1t152). 
I A. Sl"6¢xLt, Ilelv. cldm. Acta JL 15el (195.11. 
| U. S. YON I:.ULXlt attd R. I~i.tASSON, Naturo Ire, 6@| (195~). 
4 G.W.F. it. BOS.~T.I~ ûWKLS, Thest.~ Lcklcn ( 19561 (Dutch language). 
i K. SCnLOOL and A. StX~RL, Z. physioL Chem. 292, '263 (19,53). 


