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When electrophoretic investigation of a biologically active material is attempted, 
it is essential to be able to determine the mobility of the active principle exclusively 
on the basis of biological measurements. Such determinations make it possible to control 
whether an optically demonstrable boundary actually corresponds to the biological 
principle, and if no boundary can be demonstrated optically, it will still be possible to 
measure the mobility of the biologically active principle. 

In order to be able to perform biological measurements it is necessary to remove 
samples from the electrophoresis cell, but  as far as is known to the author, there exists 
no method of sampling permitting accurate determination of the mobility. THEORELL ~ 
has constructed a special electrophoresis apparatus permitting quite good sampling, but  
this apparatus does not possess the many advantages of that  of the TISELIUS type. 
However, information is also available about sampling from the TISELIUS electrophoresis 
cell. Most of the methods described are, however, preparative, their object being to 
sample whole fractions, as for example the methods devised by TISELIUS 2, SVENSSON 3, 
and SHEDLOVSKY et al. ~, whereas BOURDILLON AND LENETTE B have performed sampling 
for analytical purposes. If calculations of mobilities on basis of samples removed ac- 
cording to the methods mentioned are made, rather inaccurate results will be obtained. 
This is mainly due to the facts that  the volumes removed are too large and the sources 
of error on the sampling are not investigated. When we wanted to perform electro- 
phoresis of foot-and-mouth disease virus at Lindholm we therefore first tried to devise 
a method of sampling not possessing these drawbacks. 

DESCRIPTION OF THE METHOD 

For the sampling a special needle was constructed, shown in Fig. I. The figure also 
shows how the needle can be lowered into the electrophoresis cell through one of the 
small centre plugs. 

The holder of the needle is made of a folded copper sheet. The needle is pressed 
against the bent edge of the copper sheet by a spring placed between the two layers. 
The holder efficiently checks the tendency of the needle to vibrate, and makes a slow 
and quiet movement of the latter possible'. 

* The needle and holder were devised by Mr. E. ANDERSEN, Lindholrn. 
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As the needle is lowered into the electrophoresis cell, complete prevention of the 
vibration can be obtained by  sliding the needle along one of the broad sides of the 

s 

Fig. I. The internal diameter of the needle is 
Lo ram. The diameter of the wire is 0.80 mm. 

rectangular channel. Since it is held firmly 
by  the holder, the needle can conveniently 
be lowered to any desired point in the cell. In 
an apparatus  equipped with the PHILPOT- 
SVENSSON optical system, the needle can be 
observed as a shadow on the screen, the 
entire electrophoretic diagram, however, 
remains visible. 

Before inserting the sampling needle, its 
lower end is sealed with a small amount  
of grease. "Lubr i sea l" ' ,  which has a melting 
point of about 4 °° C, has been found to 
be satisfactory. The wire inside the needle 
protrudes a little out of the grease as seen 
in Fig. I. In 7 tests we have kept the needle 
sealed in this way for some time in a coloured 
solution, and ascertained that  no liquid had 
penetrated. 

The sample is taken into the needle by  
slowly moving the wire upwards, whereby 
a hole is formed in the grease. Since the wire 
fits snugly it can be fixed at any desired 

level, and it is therefore possible to take samples of different volumes. When the wire 
has been moved upwards to the level chosen, the needle is sealed at the top by melted 
paraffin, so that  the sample does not leak out when the needle finally is removed from 
the electrophoresis cell (paraffin cannot be used for sealing at the lower end, as it gets 
too hard by  the low temperature in the electrophoresis cell). The entire sample taken 
can now easily be transferred to a small glass by  drawing the wire out of the needle 
and blowing into the latter. The greatest volume which can be removed is 0.2 ml, the 
smallest about 0.0 5 ml. 

I N V E S T I G A T I O N  O F  S O U R C E S  O F  E R R O R  

I t  is impossible to know whether the sample originates exactly from the level of 
the cell at which the hole of the needle was placed, as the sampling may  produce currents 
in the liquid around the point of the needle. This is the greatest source of errGr. By 
experiments we have  a t tempted  to determine from which layers the sample originates. 

In order to examine the l~yers below the point of the needle a boundary was 
established between a concentrated solution of phenol-red in the centre section of the 
cell and water  in the upper  section, and samples were removed from the water at various 
levels above this boundary. The solution of phenol-red was so concentrated that  even 
after a ten thousand fold dilution it was faintly reddish. Therefore it was possible to 
observe even a very small content of tile red liquid in the samples. The amount of 

* Obtained from ARTHUR H. THOMAS, Philadelphia, U.S.A. 
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p h e n o l - r e d  in t h e  s a m p l e s  cou ld  be  d e t e r m i n e d  by  c o m p a r i s o n  w i t h  s u i t a b l e  d i l u t i o n s  

of  t h e  o r ig ina l  p h e n o l - r e d  so lu t ion ,  

I n  o r d e r  t o  i n v e s t i g a t e  t h e  l aye r s  a b o v e  t h e  p o i n t  of t h e  needle ,  a b o u n d a r y  was  

e s t a b l i s h e d  b e t w e e n  a K2SO 4 s o l u t i o n  in  t h e  c e n t r e  s e c t i o n  of t h e  cell, a n d  a p h e n o l - r e d  

s o l u t i o n  in  t h e  u p p e r  sec t ion ,  a n d  s a m p l e s  were  r e m o v e d  f r o m  t h e  K~S04  s o l u t i o n  a t  

v a r i o u s  leve ls  b e l o w  t h e  b o u n d a r y .  

The phenol-red solution was made by dissolving I g phenol-red in about ioo ml water, and 
adding the amount of NaOH solution necessary for neutralising the acid dye. 

For practical reasons the experiments were performed at room temperature without a thermo- 
stat. I t  was here necessary to operate with a rather great difference between the specific gravities 
of the coloured and the colourless liquids, about o .o i i  g/ml, as otherwise the boundary was unstable. 
The specific gravity was measured by a gravity gradient tube s. With this apparatus the specific 
gravity is measured in proportion to water at the temperature of the apparatus during the measure- 
ment.  

In the experiments in which samples were removed below the boundary, the coloured solution 
with a specific gravity of I.oo3I was placed in the upper section and a K2SO l solution with a specific 
gravity of I .oI4I in the centre section. The difference between the specific gravities of the boundary 
then became o.oi Io. In the experiments in which samples were taken above the boundary, a .mixture 
of 2 parts phenol-red plus one par t  filtered cattle serum was placed in the centre section and water 
in the upper section. The specific gravity of the phenol-red mixture was I.oi I5, and the difference 
between the specific gravities at  the boundary therefore became o.oi 15. 

The boundary was established as usual by sliding the sections of the electrophoresis cell, and 
the sampling was made immediately after the establishment of the boundary, the latter being 
therefore as sharp during the sampling as in any way possible. I t  was less fortunate to operate with 
the boundary behind the ground glass edge of the sliding end plates of the cell sections. However, 
it  was possible to look through the edge when paraffin oil was applied to it, and so it was possible 
t o  move the needle to the right position. In the experiments in which sampling was made above 
the boundary, the needle was moved to position before the boundary was established. The hole of 
the needle could always be placed at  the desired distance from the boundary with an error of less 
than 0.2 ram. 

All the samples were removed from the open side of the apparatus, whereas the other side 
was kept closed {see Fig. i). However, i t  is also possible to remove samples from the closed side 
of the apparatus, just by sliding aside the bottom section of the cell and lowering the needle through 
the three-way stopcock. In all the experiments the boundary was established between the upper 
and the centre sections of the cell. 

The volume of the sample was determined by weighing. For each sampling the needle was 
washed and dried. 

The comparison between the densities of the colours of suitable dilutions of the sample and 
the initial solution could in most cases be made by the eye. Only when the difference between the 
densities of the colours was small, a spectrophotometer was used (wave length 55o m#). Before the 
comparison a NaOH solution was always added to the liquids to ensure that  exclusively the phenol- 
red base was present. By calculation of the dilutions the NaOH added was taken into consideration. 

An "Arninco"* electrophoresis apparatus was employed. The cross-section area of the cell 
employed was 2 × 15 mm 2 (by the company called "Semimicro analytical cell"). 

T h e  r e s u l t s  o f  s a m p l i n g  a b o v e  t h e  b o u n d a r y  a p p e a r  f r o m  T a b l e  I. I t  wil l  be  seen  

t h a t  in  all  t h e  e x p e r i m e n t s  less  t h a n  1 %  of t h e  s a m p l e  o r i g i n a t e s  f r o m  l a y e r s  a t  a l eve l  

m o r e  t h a n  2.2 m m  lower  t h a n  t h e  ho le  of t h e  n e e d l e  (i.e. t h e  ho le  f o r m e d  in  t h e  g rease  

w h e n  t h e  wi re  is  d r a w n  out ) .  T h e  r e s u l t s  of s a m p l i n g  b e l o w  t h e  b o u n d a r y  a p p e a r  f r o m  

T a b l e  I I .  I t  wil l  be  s een  t h a t  in  all  t h e  e x p e r i m e n t s  less  t h a n  2 %  of t h e  s a m p l e  o r i g i n a t e s  

f r o m  l aye r s  o r ig ina l ly  a t  a l eve l  m o r e  t h a n  2.2 m m  a b o v e  t h e  hole  of  t h e  needle. ,  

As mentioned above, the sampling was made from the open side of the electrophoresis apparatus, 
whereas the other side remained closed, so that  in the cases in which sampling was made below 
the boundary, the latter was descending. As previously mentioned the cross-section of the cell 
employed was 2 x 15 mm ~, and as a volume of about 0,05 ml was sampled, the boundary conse- 
quently descended about 1. 7 mm during the sampling, and therefore almost reached the point of 
the needle. In certain experiments, for example in experiment 7 Table II, the boundary would seem 

* Manufactured by the American Instrument Company, Silver Spring Maryland, U.S.A. 
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to have passed the point  of the needle, wi thout  any  great  a m o u n t  of coloured solution having moved 
into the needle. In  explanat ion of this  it may  be s ta ted that the poin t  of the needle may  have been 
placed lower than  recorded, up to 2.2 m m  below the bounda ry  (see above), that pa r t  of the sample 
originates from layers a t  a lower level than  the  point  of the needle, and, finally, that the bounda ry  
may  have  been deformed by  the currents  of the liquid so t ha t  it bulges around the point  of the needle. 
Thus  the exper iments  suggest  t ha t  if the b o u n d a r y  did no t  move, sampling might  be made  immedi-  
ately below the la t ter  wi thou t  get t ing more than  a small percentage of coloured solution in the 
sample. 

TABLE I 

SAMPLING ABOVE T H E  BOUNDARY 

Above the boundary :  distilled wate r  spec. gray. I,oooo. 
Below the boundary :  phenol-red solution wi th  serum. 

Sample Sampling Wire elevated Content of Spec. gray. of 
above boundary Vol. ml phenol-red phenol-red No. mm mm solution solution 

1 1.5 40 0.07 ° 1% 
2 2.0 42 0.067 0. 7 % 
3 2.0 42 0.056 0.05% 
4 2.0 42 0.059 0.03% 
5 2.o 42 0.o64 o .2% 
6 2.0 42 0.058 0.05 % 
7 2.o 42 0.049 o.05% 
8 2.0 ~2 0,066 o .1% 

about  1.ot l  

9 2.o 42 0.052 0 .5% 
lo 2.0 42 0.045 0 .2% 
I I  2.0 42 0.049 0 .2% 
i2 2.0 42 0.064 o .2% 
13 2.o 42 o.o64 0 .2% 
14 2.0 42 0.062 0 .2% 
r 5 2.0 4 2 0.065 0 .4% 

i . o i i 5  

T A B L E  I I  

S A M P L I N G .  B E L O W  T H E  B O U N D A R Y  

Above the boundary :  phenol-red solution spec. gray. = I .oo3r.  
Below the  boundary :  K2SO 4 solution spec. gray.  ---- 1.o141. 

Sample Sampling Wire elevated Content of phenol-red 
No. below boundary mm Vol. ml solution 

mm 

I 3 9 ° 0.060 < o.I  % 
2 1 9 ° 0.072 > 1% 
3 1.5 9 ° 0.082 -< 0. 5 % 
4 1.5 90 0.068 > 1% 
5 1.5 90 0.06I > 5 % < I0 % 
6 2 90 0.058 ca o. 1% 

7 2 9o o.o69 ,~ 1% 
8 2 85 o.o61 ~ 2 % > 1% 
9 2 85 o.o6o ~ 2 % > 1% 

io 2 85 0.052 < 1% 
i i  2 85 o.o65 < 2 %  > ~ %  
12 2 85 0.064 < 2% > I~o 
13 2 85 0.054 < 1% 
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Anothe r  two sources of error  on the  sampl ing  were t a k e n  in to  cons idera t ion  and  
t h e i r  i m p o r t a n c e  i n v e s t i g a t e d  b y  exper iments .  

As the  vo lume r emoved  is so small ,  i t  would seem poss ib le  t h a t  a r a the r  large 
a m o u n t  of the  sample  r ema ined  on the  walls  of the  needle and  on the  wire af ter  the  
needle had  been empt ied .  The  amoun t  invo lved  w3s de t e rmined  b y  removing  samples  
of phenol - red  solut ion and  a f t e rwards  washing  the  needle and  wire tho rough ly  wi th  
I ml  water .  On basis  of the  dens i ty  of the  colour of the  r inse water ,  i ts  con ten t  of phenol-  
r ed  could be de te rmined .  In  5 expe r imen t s  a con ten t  of I/iOOO - -  1/3oo was found. As 
the  vo lume of the  rinse wa te r  was I ml, i t  appea r s  t h a t  an amoun t  of o .oo io -o .oo35  m] 
of the  sample  was depos i t ed  on the  walls  of the  needle and  on the  wire (after the  needle 
h a d  been empt ied) .  As the  vo lume of the  ent i re  sample  was o.o5 ml, th is  corresponds  
to  a depos i t  of 2 to  7%.  

W h e n  the  sample  is in the  needle there  is a smal l  space be tween  the surface of 
the  fluid in the  needle and  the  paraffin sealing. As this  space m a y  "g ive"  there  is a 
poss ib i l i ty  t h a t  the  surface of the  fluid in the  needle m a y  descend and  a smal l  amoun t  
of the  sample  leak  ou t  while the  needle is r emoved  from the appa ra tu s .  I n  order  to 
de te rmine  the  a m o u n t  involved,  severa l  samples  were t aken  wi th  a glass p ipe t t e  of 
a lmos t  the  same in te rna l  d i a m e t e r  as the  needle.  The  samples  were t aken  from the  
dense ly  coloured phenol - red  solution,  so t h a t  the  fluid inside the  p ipe t t e  could be c lear ly  
seen. In  5 exper imen t s  i t  was observed  t h a t  the  surface of the  fluid in the  p ipe t t e  
descended  0.0-0.  7 m m  dur ing  the  r emova l  of the  p ipe t t e  f rom the  conta iner .  Considering 
the  d imensions  of the  needle,  the  p ipe t te ,  and  the  wire,  i t  is now possible to  ca lcula te  
t h a t  an amoun t  of less t han  0.0005 ml  leaks  out  of the  needle when th is  is r emoved  
f rom the  e lec t rophores is  appa ra tu s .  This  corresponds  to  < 1% of a sample  of 0.o5 ml. 

The  two l a t t e r  sources of er ror  can therefore  cause only smal l  va r i a t ions  in the  
samples.  In  the  expe r imen t s  p resen ted  in Tables  I and  I I ,  these sources of er ror  have  
also influenced,  and  there fc re  t hey  do not  give r ise to  any  special  ad jus tmen t s .  

INVESTIGATION OF SOURCES OF ERROR WHEN SEVERAL SAMPLES ARE REMOVED 
DURING THE SAME ELECTROPHORESIS EXPERIMENT 

In  m a n y  ins tances  i t  will  be of in te res t  to  r emove  severa l  samples  dur ing  the  same 
e lec t rophores is  exper imen t .  W h e n  using our  m e t h o d  the  sampl ings  should  then  be  made  
in the  order  f rom the  top  to the  bo t t om,  so t h a t  the  needle does no t  touch  layers  f rom 
which l a t e r  on sampl ing  is to  be made .  However ,  a sampl ing  m a y  also cause d i s tu rbance  
in layers  a t  a lower level  t h a n  the  po in t  of the  needle,  and  in order  to inves t iga te  this  
source of error,  some expe r imen t s  wi th  a phenol - red  solut ion were made .  

The technique of these experiments was mainly the same as that described above. Therefore 
only a few special things will be mentioned here. 

The boundary between the phenol-red in the upper section and the KaSO 4 in the centre section, 
with a difference between the specific gravities of o.oi I, is not quite stable as the dye slowly descends 
into the colourless solution. This was of no importance in the experiments in Table II, which were 
made very quickly, but the experiments in Table IV take more time, and in these experiments the 
boundary was therefore made more stable by increasing the difference between the specific gravities 
to o.ox77 (the specific gravity of the K~SO 4 solution employed was i.o227). 

I n  the  expe r imen t s  p resen ted  in Table  I I I ,  a b o u n d a r y  was es tab l i shed  be tween  
a m i x tu r e  of 2 pa r t s  phenol - red  and  I pa r t  ca t t l e  se rum in the  centre  section, and  dis- 
t i l led wa te r  in the  uppe r  section. I n  each expe r imen t  sampl ing  was made  first a t  a level  
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2.8 mm above the boundary (all these samples were cclourless), and then sampling was 
made at a level 2 mm above the boundary (as in the experiments in Table I). I t  will 
be seen from Table I I I  that  the first sampling had caused so little disturbance that 
all of the second samples contained less than 1% of the coloured solution. 

TABLE III 
SAMPLES REMOVED SUCCESSIVELY IN SERIES OF TWO 

Fi r s t  s amp le  r e m o v e d  2.8 m m  above  t he  b o u n d a r y .  Second sample  2 m m  below the  b o u n d a r y .  
Below the  b o u n d a r y :  pheno l - r ed  solut ion wi th  s e r u m  spec. g ray .  1.OLO9. 
Above  t h e  b o u n d a r y :  dist i l led wa t e r  spec. gray .  I.OOOO. 

Exper iment  No.  x z 3 4 5 6 

C o n t e n t  of  pheno l - r ed  
s o l u t i o n  in  2 n d  sample  < I ~/o < I ~o ~ 1 %  ( 1 %  ( 1 %  ( 1 %  

In  the experiments presented in Table IV, a boundary was established between 
a K,SO,  solution in the centre section, and a phenol-red solution in the upper section. 
In each experiment sampling is made first at a level 2.8 mm above the boundary, and 
then frcm the K,SO 4 solution at a level 2.8 mm below the boundary. I t  will be seen 
from Table IV that  all of the second samples contained less than 3 % phenol-red solution. 

T A B L E  IV 

SAMPLES R~MOVED SUCCESSIVELY IN SERIES OF TWO 

Fi r s t  s a m p l e  r e m o v e d  2.8 m m  above  t he  b o u n d a r y .  Second sample  2.8 m m  below the  b o u n d a r y .  
Above  t h e  b o u n d a r y :  phenol - red  solut ion spec.  g ray .  1.oo5o. 
Below t h e  b o u n d a r y :  K , S O  4 solut ion spec. gray .  i .o227. 

Exper iment  No.  z z 3 4 5 

C o n t e n t  of  pheno l - r ed  
so lu t ion  in 2nd  s am p l e  < 1 %  < 1 %  < 2 % < 2 % < 3 % 

In the first series of experiments (Table III) the distance between the two samplings 
was 0.8 mm, and in the last (Table IV) 5.6 mm. Consequently, it is possible to remove 
several samples during the same electrophoresis experiment with a mutual distance of 
6 mm only. Of each sample < I ~/o will then originate from layers which were more 
than 2.2 mm lower than the hole of the needle during the sampling in question, and 

3% will originate from layers which were more than 3 mm above the hole of the 
needle. 

APPLICATION OF THE METHOD 

CALCULATION OF THE ERROR ON DETERMINATIONS OF MOBILITY" 

The results from the experiments with the coloured solutions cannot be applied 
directly in the different cases met with in practice, for example, electrophoresis of 
protein solutions, especially because it is not certain that  all the boundaries are equally 
stable. The best procedure will be, in each individual case, to control the method by 
Re/erences p. 26. 
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experiments with coloured solutions under circumstances as similar as possible to those 
under which the method is to be applied. In the electrophoresis of protein solutions 
the differences between the specific gravities at the boundaries will often be considerably 
less than those employed in the above-described experiments. These experiments were 
performed at room temperature without a thermostat .  However, a few experiments 
were also made with the cell in the thermostat  of the electrophoresis apparatus  at 2 ° C. 
These experiments showed that  in the thermostat  stable boundaries (:an be obtained 
with far smaller differences between the specific gravities of the coloured and the 
colourless solutions. 

As mentionect above the experiments in this communication were performed with 
a cell of a cross-section area of 2 × 15 mm 2. I t  is obvious that  the method of sampling 
may also be applied in connection with the more ordinary cell type with a cross section 
area of 3 × 25 mm *, and that  the greater cross-section area here gives a possibility of 
sampling from even thinner layers than 4.4 ram, or of taking a greater vclume from 
a layer of this thickness. 

The application of the method at Lindholm will be described in a later report on 
electrophoresis of foot-and-mouth disease virus (FM-vims). At this point just a ca!cu- 
lotion on basis of the results in Tables I - I V  will be 
made in order to show the accuracy to be obtained 
by  the sampling method on determination of the 
mobility of FM virt, s. 

The strength of an FM virus solution is meas- 
ured by inoculating a series of ten-fold dilutions in 
guinea pig s (titration). Because an error of up to 
one ten-fold dilution must  be taken into considera- 
tion, the determil~ation is very inaccurate. In spite 
of this, rather  accurate determinations of the elec- 
trophoretic mobili ty may  be obtained by simul- 

Fhe needle 

l~.lOmm 
w s  bo ,m ~r  , --_ Z ~122 0", 

Opticql/y / ~ Z5 rrrn demon~'~le < . .  
boundo'y " . . . . . . .  b~ 3 . 0  t m ~  

Fig. 2. Detail of the ascending limb of 
the electrophoresis cell (front view). 

taneously t i trating samples removed during the electrophoresis and the initial solution 
subjected to eleetrophoresis. 

In Fig. 2 the optically demonstrable boundary is supposed to be due to an inactive 
protein substance, whereas the virus is supposed to migrate a little quicker than the 
protein substance, and to be present in such a low concentration that  it cannot be 
demonstrated optically. 

If  a sample is taken as shown in the figure, it will contain more than lO% undiluted 
virus solution, and its strength will therefore be below one ten-fold dilution less than 
the strength of the undiluted original virus solution (the initial solution). If, on the 
other hand, the virus had migrated together with the optically demonstrable boundary, 
the sample would according to Table I have contained less than 1% undiluted virus 
solution, and the strength of the sample would therefore have been more than two 
ten-fcld dilutions less than the strength of the initial solution. This difference between 
the two cases is greater than the error in the virus titrations, and by  the method of 
sampling it is therefore possible to demonstrate even such a small distance between the 
two components as that  in question. I t  can easily be calculated how small a difference 
in mobility it will be possible to demonstrate as a consequence of this. The distance 
between the two boundaries is 6.5 mm, as will be seen from Fig. 2. In the "Aminco" 
electrophoresis apparatus 55 mm of the rectangular channel of the cell can be observed 
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optically. If  the optically demonstrable boundary has moved this distance when the 
sample is taken, the difference between the two mobilities is 6.5 × IOO% ----- I I .8%.  

If the sampling had been made as described above, and the sample had been more 
than two ten-fold dilutions weaker than the initial solution, it could conversely have 
been inferred that the mobility of the virus was less than I I2% of the mobility of the 
optically demonstrable boundary. 

If  compensation is applied, the distance covered to be observed optically will be 
more  than 55 mm, and thereby a correspondingly greater accuracy can be obtained. 
However, in some instances, especially when small differences in specific gravity exist 
at the boundary, material may stick to the walls of the cell during compensation and 
so obscure the results. 

I t  will be seen by a similar reasoning that if the sample is removed at a in Fig. 2, 
there is a possibility of showing that the mobility of the virus is greater than i o o -  
4.3 × Ioo = 92 % of the mobility of the optically demonstrable boundary. If  the sample 
is removed at b in Fig. 2 there will in the same way be a possibility of showing that 
the mobility of the virus is greater than Ioo- - -9 .5  × xoo% ----- 82.5% of the optically 
demonstrable boundary. 

I t  will be seen from Tables I I I  and IV that it is possible to remove successively 
the three samples mentioned, in the course of the very same electrophoresis experiment. 
Consequently, it is possible to obtain six good mobility determinations for each electro- 
phoresis experiment, it being, as mentioned, possible to remove samples from both sides 
of the cell. Of the six samples three determine an upper limit of the mobility of the 
biological principle, and the three others a lower limit, the same deviations as described 
above being obtained, but in the opposite direction, by sampling in the descending limb 
of the cell (here, however, material may stick to the walls of the cell and cause trouble 
in the same way as in connection with compensation). I t  appears that the most exact 
results will be obtained from the samples removed from the middle of the optically 
demonstrable boundary. Removal of all six samples gives, however, simultaneously 
a pattern of how the concentration of the biological principle changes around the 
boundary. 

If in the above-mentioned example there had been no optically demonstrable 
boundary for comparison, it might be possible with good samples and by reasoning as 
above to determine the electrophoretic mobility of the FM virus with an error of less 
than io% (besides the usual errors on the determination of electrophoretic mobility). 
By application of compensation it might also here be possible to Obtain greater accuracy. 

SUMMARY 

I. A needle has been constructed by means of which samples of 0.05-0.2 ml can be removed 
from a TmELIUS electrophoresis cell in such a way that it can be accurately determined from which 
level in the cell a sample originates. 

2. The sources of error connected with the method of sampling have been investigated by 
e x p e r i m e n t s  w i t h  coloured solutions. 

3. It has also been proved by experiments with coloured solutions that several samples may 
be r e m o v e d  in the course of one e lectrophoresis  exper iment ,  and that the distance between the 
levels  of  sampl ing  m a y  be as smal l  as  6 mm. 

4. By calculations in which a very inaccurate  biological  method of assay is assumed it has 
been s h o w n  that the sampling method m a k e s  it possible to demonstra te  differences as smal l  as  i o  % 
b e t w e e n  the  mobi l i t ies  of a biological  principle  and an opt ica l ly  demonstrable  boundary. Further 
Re[evences p. 26. 
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it  h a s  been shown  t h a t  t he  m e t h o d  provides  possibil i t ies of de t e rmin ing  e lec t rophore t ic  mobi l i t ies  
exc lus ive ly  on bas is  of biological m e a s u r e m e n t s  wi th  an  error  of  less t h a n  lO % (besides t h e  usua l  
errors  on d e t e r m i n a t i o n s  of e lec t rophoret ic  mobil i ty) .  

R]~SUMt~ 

I. I1 a 6t6 ex6cut~ une  canule  avec  laquelle,  d ' ap r~s  u n e  m6 thode  d6crite en  d6tail les,  l ' on  p e u t  
pr~lever,  d ' u n e  cellule d '~lectrophor~se-Tisel ius ,  des  ~chant i l lons  de o.o5 ~ o.2 ml,  de teUe sorte  que  
l 'on pu i s se  ~tablir ,  avec  exac t i tude ,  le n i veau  de  la cellule d 'o~  p r o v i e n t  u n  6chan t i l lon  donn6.  

2. Les  sources  d ' e r r eu r  de la m 6 t h o d e  de pr61~vement  on t  6t6 e x a m i n e e s  au  cours  d ' exp6r iences  
su r  so lu t ions  color~es. 

3. P a r  des  exp6riences  su r  so lu t ions  colordes, il a ~t6 cons ta td  dga l emen t  que  l 'on  p e u t  pr61ever 
p lus ieurs  6chant i l lons  au  cours  de la m ~ m e  exp6r ience  d '61ectrophor~se et  que  l ' in te rva l le  en t r e  les 
p r~ l~vements  p e u t  6tre r6dui t  ~ 6 m m .  

4. Sur  la  base  de ces exp6riences,  on a exdcutd des  calculs  p r o u v a n t  que  la m6 thode  de prdl~ve- 
m e n t  p e r m e t  d '~ tabl i r  des  6car ts  de moins  de IO % en t r e  les mobfl i t6s  d ' u n  p r inc ipe  biologique et  
d ' u n e  l imite  d6rhonst rable  pa r  voie opt ique.  D a n s  les calculs une  m6 thode  de m e s u r e  biologique t r~s  
inexac te  a ~t6 pr6vue.  E n  outre ,  il a 6t6 6tabli  que  la m~ thode  p e r m e t  de d6 t e rmine r  des  mobi l i tds  
d '61ectrophor~se u n i q u e m e n t  su r  la base  de  mesu re s  biologiques  avec  une  e r reur  de moins  de io  % 
(en dehors  des e r reurs  habi tue l les  dans  les d6 t e rmi na t i ons  de mobi l i t6s  d '~lectrophor~se) .  

Z U S A M M E N F A S S U N G  

I. ES wurde  e ine  Kani i le  hergeste l l t ,  m i t  welcher  m a n  n a c h  e iner  nAher be sch r i ebenen  Methodc  
P roben  yon  o .o5-o.2  m l  e iner  Tise l ius-Elekt rophoreseze l le  so e n t n e h m e n  kann ,  da s s  s ich genau  fest-  
s teUen Igsst ,  yon  we lchem N i v e a u  in der  Zelle eine P r o b e  herrf ihr t .  

2. Die Fehle rque l len  des  E n t n a h m e - M e t h o d e  w u r d e n  d u r c h  Versuche  m i t  gefArbter  L 0 s u n g  
u n t e r s u c h t .  

3. D u r c h  Versuche  m i t  gefArbter  L 6 s u n g  wurde  ebenfal ls  gezeigt,  d a s s  m a n  m e h r e r e  P roben  
bei demse lben  E lek t rophorese -Ver such  e n t n e h m e n  k a n n  u n d  dass  der  Z w i s c h e n r a u m  zwischen  den  
E n t n a h m e n  au f  6 m m  beschr~knkt werden  k a n n .  

4. Auf  G r u n d  d ieser  Ver suche  w u r d e n  B e r e c h n u n g e n  v o r g e n o m m e n ,  welche erweisen,  da s s  die 
E n t n a h m e - M e t h o d e  erm6gl ich t ,  A b w e i c h u n g e n  u n t e r  den  Mobi l i t~ ten  eines b io logischen Pr inz ips  
u n d  einer  op t i sch  n a c h w e i s b a r e n  Grenze  yon  io  % nachzuwei sen .  Bei  den  B e r e c h n u n g e n  wurde  eine 
seh r  u n g e n a u e  biologische M e s s m e t h o d e  vo rausgese t z t .  EbenfaUs  wurde  gezeigt ,  dass  die Methode  
ermOglicht,  e l ek t rophore t i sche  Mobi l i t~ ten  lediglich au f  G r u n d  biologischer  M e s s u n g e n  m i t  e inem 
Fehle r  yon  weniger  als  IO % (ausser  den  gew0hnl i chen  Feh le rn  bei  e l ek t rophore t i schen  Mobil i t~ts-  

b e s t i m m u n g e n )  zu e rmi t te ln .  
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