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SUMMARY 

A technique for recovery of separated plasma proteins after electrophoresis in starch 
gel is described. By means of a second electrophoresis applied to sections which 
have been cut from the main gel almost quantitative recoveries of these proteins, 
except for v-globulin were obtained. The trace amounts of protein originating from 
the gel itself under these conditions were measured. Considerable amounts of starch 
are eluted at the same time but do not interfere with the estimation of the plasma 
proteins. 

INTRODUCTION 

With the increasing use of electrophoresis in gels the need has become apparent 
for a simple and quantitative method for recovery of the separated materials. A 
technique involving lifting an agar gel on to a cellophane membrane placed so as to 
isolate pools of buffer at anode and cathode ends of the slab followed by a period 
of elution by electrophoresis into these pools has been described'. Since the introduc- 
tion of electrophoresis in starch gel by SMITHIES 2, several methods for elution from 
such gels have been worked out. That of JARRIGE AND LAFOSCADE a depends on 
cutting a slot in the gel in front of the band of material to be eluted, filling this with 
buffer and cotton wool and eluting by electrophoresis into the buffer. MORETTI, 
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BOUSSIER AND JAYLE 4 on the other hand, preferred to cut  out the piece of gel con- 
taining the material under investigation and elute from it after fragmentation.  
Since the SMITHIES i method for electrophoresis of plasma proteins is now in very 
wide use, a simpler apparatus  than tha t  used by MORETTI, BOUSSIER AND JAYLE 
has been designed. Using this appara tus  conditions for recovery in good yield of all 
the proteins present in rat serum, with the exception of y-globulin, have been work- 
ed out. 

The principle of the new apparatus  is tha t  the piece of gel to be eluted has placed 
on its upper surface a vertical rectangular slab of the same gel containing only dilute 
buffer solution. This upper slab of gel has the same cross sectional area as the piece 

Fig. T. Pattern of plasma proteins ,btained by electrophoresis of o.15 ml of rat serum for 20 h 
at 4.o V/cm. 

of gel to be eluted and, because of its excellent mechanical properties, does not 
require any support.  Passage of current through the gel causes migration of protein 
from the bo t tom section into a small volume of buffer solution placed immediately 
below it. This buffer solution is separated from a large volume of the same solution 
by  means of a cellophane membrane and the eluted protein is thus t rapped in the 
small volume. During elution the gel rests in the upper par t  of a vertical channel 
cut through three rectangular pieces of perspex (Fig. 2A) which are screwed tightly 
together to form a single unit. Support  for the gel is provided by  several narrow 
polythene bridges stretching across the channel and forming par t  of a sheet of this 
material which is held between the two uppermost  pieces of perspex. The upper 
perspex rectangle is of the same thickness as is the gel to be eluted. The thickness of 
the middle section (6 mm in the present apparatus) determines the volume of buffer 
into which the protein will migrate. The cellophane membrane  is held between the 
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two lower-most  pieces of perspex.  As shown in Fig. 2B cross bars  are screwed to the  
top  of the perspex rectangles  so t ha t  the unit  can rest on the  top  of a large f i l t rate  
jar .  Contact  from the top  surface of the  upper  slab of gel is made  with  a hor izonta l  
slab of the  same mater ia l  which in turn  is kep t  in electr ical  contac t  with the  buffer 
solut ion in the  ca thode  vessel b y  means  of wet folded muslin. 

In  p re l iminary  exper iments  o.o2 M bora te  buffer was used bo th  in the gel above  
the section being e lu ted and for the  solut ion in the  electrode vessels. The same buffer 

i 
f-@ / _ _  u 

Fig. 2a. 

Fig. 2b. 

Fig. 2. A. Complete apparatus with elution cell 
resting on top of a 3-1 filtrate jar. Only the upper 
part of this is shown, i. Section of gel being elut- 
ed. 2. Polythene bridges. 3. Cellophane mem- 
brane. 4. Vertical rectangular slab of starch gel 
(starch pillar). 5. Horizontal slab of starch gel. 
6. Wet folded muslin. 7. Glass weight. 8. Perspex 
supports for gel bridge. 9. Platinum electrodes. 
io. Brass screws, t3. Plan of elution cell showing 
polythene bridges (I1 which support the piece of 

gel during elution. 

had  been used for the  original  e lectrophoresis  and  i t  was thought  l ikely t ha t  the gel 
would best  re ta in  i ts shape if there  was no d i scon t inu i ty  e i ther  in the  t ype  of buffer 
ion present  or in concentra t ion.  In  pract ice,  however,  a sharp  fall in p H  occurred 
a t  the  buffer-gel  interface (the lower surface of the  piece of gel being eluted).  As the  
region of decreased p H  moved  upwards  the gel became dis tor ted .  Fur the rmore ,  since 
the  fall of p H  was of several  units,  ve ry  poor  recovei'ies of pro te in  were obta ined.  
Fo r tuna t e ly ,  however,  no effect of this  k ind  took place when phospha te  ions were 
used ins tead  of borate .  The reason for the decrease in p H  of par t  of the  gel which 
occurs in presence of bo ra t e  ions is not  unders tood  bu t  m a y  be connected  with  the  
ab i l i ty  of these ions to complex  with  s tarch.  Sa t i s fac tory  recoveries were ob ta ined  
with  o.o2 M phospha te  buffer a t  p H  8.3 in the  gel br idge and in the electrode vessels. 
The small  amoun t  of bora te  ions in the  section of gel being eluted,  compared  with  the  
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to ta l  amount  of phospha te  ions in the  rest of the gel, is insufficient to p reven t  an 
adequa te  degree of elution. At  3oo V the current  of 58 mA caused only slight warming  
of the gel bridge.  Dur ing  electrophorcsis  the volume of solution into which the 
protein  was being e lu ted was found to increase slightly.  To prevent  overflow smal l  
amounts  were occasional ly  sucked off from the angle between the upper  slab of gel 
and  the surface of the perspex rectangle  and  kep t  for es t imat ion  with the  final eluate.  
The propor t ions  of prote in  c lu ted  under  these condi t ions from various sections of 
the gel are shown in Table  I. Fig. ~ shows the pa t t e rn  ob ta ined  b y  electrophoresis  
of o.15 ml of ra t  serum and the posi t ions from which the sections of gel used for elut ion 
were taken.  The condi t ions for the  p r ima ry  electrophoresis  were those given by  
SMITHIES 2 except  t ha t  the  t ime was longer and the vol tage grad ien t  was lower (cf. 

Fig. I).  
In  order  to assess the  degree to which pro te ins  e lu ted  as jus t  descr ibed are 

con tamina t ed  with prote in  and soluble s tarch or iginat ing from the gel, a bhmk 
exper iment  was carr ied out. This consisted of the  electrophoresis  of a slab of s ta rch  

TABLE I 
PROPORTIONS OF la l I -LABELLED PLASMA PROTEINS RECOVERED FROM STARCH GEL 

For conditions of elution see text. Eluates were removed from the cell with a Pasteur pipette. 
Radioactivity of final gel plus eluate is taken as IOO °. o. 

Section of Starch °. o radioactivity 
in  eluate after 

h cm from origin • ~, h 

A 2.5 3.5 23 70 
I3 3.5-4.5 3I 86 
C 4.5-5.5 64 96 
]2) 6.0-7.0 96 98 
J~ IO.O-11.O 95 98 

7 cm wide and 0.65 cm deep to which nothing had  been added,  elut ion of appropr i a t e  
sections, and  examina t ion  of the  eluates  thus  ob ta ined  for prote in  and d ry  weight.  
Before analysis  the  eluates  were d ia lysed  for 48 tl agains t  water .  Subsequent  evapora-  
t ion to dryness  revealed d ry  weight  corresponding to jus t  under  3 ° mg/cm of gel, or 
a p p r o x i m a t e l y  5 % of the  s ta rch  original ly present .  Whe the r  some of this  qui te  
considerable  q u a n t i t y  of s ta rch  came from the gel br idge ra the r  than  from the 
ac tua l  piece of gel undergoing elution was nex t  invest igated.  Fo r  this purpose  an 
elut ion was done with a rectangle  of cel lophane membrane  in terposed between the 
section being t r ea ted  and the  s ta rch  pi l lar  rest ing on it. Under  these condit ions the 
propor t ion  of soluble s tarch in the e luate  d ropped  to 2.5 %. The amounts  of mate r ia l  
reac t ing  as prote in  by  the me thod  of LowRY et al. ~ in eluates made  from the b lank  
gel, wi th  and wi thout  the in terposed cel lophane,  were also es t imated .  No effect due 
to the cel lophane could, however ,  be de tec ted  since bo th  eluates were found to conta in  
jus t  under  5o /xg protein.  

In  ano ther  exper iment  o.I5 ml of ra t  p l a sma  was appl ied  to the gel. Elu t ion  of 
a section corresponding to cut  D in Fig. I which was at  the same dis tance from the 
s t a r t  as had  been the b lank  section above,  gave 95 ° /,g pro te in  by  the me thod  of 
LOWRY et al. 5 before correct ion for the  blank.  Since in this  case the b lank  value to 
be sub t r ac t ed  was only  jus t  over  5 % of the  to ta l  prote in  eluted,  correct ion can evi- 
den t l y  be made  wi thout  not iceable  loss of accuracy.  
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Since, however,cut  D in Fig. i contains one of the stronger bands, larger amounts 
of plasma would need to be applied to the gel for accurate estimations in this way 
of the weaker bands. Fortunately, however, certain estimations such as immuno- 
logical tests in gels n or scintillation counting for radioactivity are unaffected both 
by the considerable quantities of soluble starch or the much lower amounts of protein 
derived from the gel which are present in the eluates made as described above. If 
necessary soluble starch can be eliminated from the eluate by chromatography on 
Dowex-2 by the method of DE PAILLERFTS 6t aid. 
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SUIVIMARY 

I. [I-nC]PGA is readily reduced by  a sonically ruptured chloroplast system in 
light. This reduction is inhibited by threose 2,4-diphosphate. 

2. PGA accumulates when nC0~ is incubated in light with the sonically ruptured 
chloroplast system in the presence of threose 2, 4-diphosphate. This indicates that  PGA 
is in the major pathway of photosynthetic COs fixation in the system. 

3. Threose diphosphate inhibition of the total 1'CO 2 fixation by the carbon cycle 
of sonically ruptured spinach chloroplasts is not due to inhibition of carboxydismutase, 
but due primarily to inhibition of triose phosphate dehydrogenase which in turn limits 
the formation rate of the photosynthetic carbon cycle CO s acceptor, RuDP. 

* 1)resent address:  de la Reys t raa t  2, Den Helder, The Netherlands.  

Bioehim. Biophys. ~lcta, 42 (196o) 27 -33 


