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INTRODUCTION 

With a view to many problems of clinical interest it was desirable to improve on 
the methods already known of the quantitative determination of amino acids on filter 
paper. Other methods for the determination of amino acid composition of protein 
hydrolyzates, which have been used with considerable success, were of no avail, the 
microbiological assay method being too time-consuming and needing constant control 
of the moulds, the different methods of column chromatography needing too much 
material. In the meantime, results with quantitative determination of amino acids on 
filter paper had much improved with the procedure as developed by MOORE AND STEIN 1. 
With the introduction of a strongly reducing agent they arrived at equalizing the colour 
intensity given by minimal amounts of various amino acids with ninhydrin. In order 
to avoid uncertainty inherent to the ninhydrin reaction performed on paper, BOISSONAS 2 
eluted the amino acids first and stained them with MOORE AND STEIN'S reagent in vitro. 
Adapting this procedure for two-dimensional chromatography it could still be improved 
by avoiding any contamination by ammonium ions and by a careful outlining of the 
space allotted to each amino acid on the paper. So far the methods (NAFTALIN 3) allowed 
only the location of the centre of each stained spot, but they left uncertain its exact 
contour. It  was our aim to overcome such difficulties as mentioned by doing the staining 
in two stages. 

EXPERIMENTAL 

Materials 
H u m a n  se rum a l b u m i n  was  suppl ied  by  the  cent ra l  l abora to ry  of t he  blood t r ans fus ion  service 

of t he  Swiss Red  Cross a t  Berne.  I t  is ga ined  the re  by  CONH'S e thano l  f rac t ionat ion .  Elec t rophores is  
showed t h a t  it  cons is t s  of 99% a l b u m i n  and  1 %  a-globul in .  

Hydrolysis o/protein 
Prote in  samples  are  hydro lyzed  by  boiling t h e m  24 hour s  unde r  reflux in 5 ml  of 5 N HC1 

pe r  20 m g  of protein.  
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Removal o[ hydrochloric acid 
The  above  solut ion of pro te in  hyd ro l y sa t e  is p laced in a large wa tchg la s s  and  a gent le  s t r e a m  

of w a r m  air is passed  over  it. W h e n  e v a p o r a t e d  to d rynes s  a few ml  of lO% propano l  are added  
and  tile evapora t i on  done again.  The  res idue  is d issolved in a p ropor t iona l  a m o u n t  of lO% propanol  
to give a solut ion of a o.4-o.8 m g / m l  n i t rogen  conten t .  The  exac t  c o n t e n t  is de t e rmined  by  micro-  
Kje ldahl .  

Preparation o/paper and starting point 
On sheets  of W l l a t m a n  pape r  1. 4 ° × 4 ° cm, the  s t a r t i ng  area  is d r awn  as a circle of I cm @. 

The  cen t re  of it  is placed io cm f rom the  r igh t  n la rg in  and  6 cm above  the  lower marg in .  A line 
paral lel  to t he  lower marg in  is d r awn  33 cm above  it  (it will serve  as a m a r k  for the  end  of the  p ropano l  
run) .  The  solut ion to be ana lysed  is placed f rom a microp ipe t te  wi th  slow outflow in the  cen t re  of 
t he  s t a r t i ng  circle. The  outflow m u s t  be so regu la ted  t h a t  the  l iquid does no t  overflow the  circle. 
The  to ta l  a m o u n t  of ami no  acids placed t he r e -upon  m u s t  r ema in  wi th in  ioo  and  2o0 },. Fol lowing 
th is  appl ica t ion  the  s t a r t i ng  circle is covered wi th  5 t d of a f reshly  p repa red  35% H202 solut ion 
con ta in ing  o .1% a m m o n i u m  molybda te .  Now t he  whole a rea  su r round ing  the  s t a r t i ng  circle is 
exposed  for a b o u t  3 ° sec to t he  v a p o u r s  of a 25% solut ion of a m m o n i a .  As a resu l t  of the  ox ida t ion  
and  following neu t ra l i sa t ion  the  s t a r t i ng  circle t u r n s  fa in t ly  p ink.  The  oxidized shee t  is used  for 
t he  d e t e r m i n a t i o n  of S-conta in ing  ami no  acids, the  o the r s  are de t e rmined  on a second shee t  where  
ox ida t ion  was  omi t t ed .  

Development of the chromatogram 
As first so lven t  a m i x t u r e  of n -p ropano l  and  water ,  7:3 by  volume,  is used.  I n  order to pe r fo rm 

the  p ropano l  run,  wh ich  is ascending ,  t he  shee t  of pape r  is rolled in a loose spiral.  I t  is held and  sup-  
po r t ed  in th i s  posi t ion by  a rod f rame of glass. Glass f rame  and  pape r  are now placed in a glass 
cyl inder ,  con ta in ing  e n o u g h  p ropano l  to wet  the  pape r  i m m e d i a t e l y  up  to a he igh t  of abou t  half 
a cm.  The  plexiglas  cover  of t he  glass cy l inder  con ta ins  a f ixat ion for t he  uppe r  end  of the  glass 
f rame.  Af te r  a r un  of a b o u t  28 hour s  a t  15-18 ° C room t e m p e r a t u r e  the  p ropanol  f ront  reaches  the  
penci l  line, d r awn  33 cm above  t he  lower marg in .  The  pape r  is w i t h d r a w n  f rom cyl inder  and  glass 
f rame.  A cu r r en t  of w a r m  air dries it  in a few minu te s .  

The  second run ,  us ing  t he  descend ing  technique ,  is pe r fo rmed  in a wooden  c h r o m a t o g r a p h i c  
cab ine t  wi th  paraf f in- t rea ted  walls. On  t he  b o t t o m  of it  is p laced a glass j a r  w i th  pheno l - s a tu r a t ed  
water .  Pr ior  to use, 4 -6  drops  of 25 % a m m o n i a  are spr inkled  on t he  b o t t o m  of t he  corners.  W a t e r  
s a t u r a t e d  pheno l  is u sed  as so lven t  and  t he  r u n  t akes  16-17 hours .  Now the  (stiff) pheno l - soaked  
pape r  is careful ly  l if ted ou t  and  r e suspended  in an  a n o t h e r  wooden  cab ine t  of s imi lar  d imens ions .  
Here  an  electr ical ly hea t ed  air cu r r en t  dries the  pape r  t h r o u g h l y  in 3 hours ,  whi l s t  the  phenol  v a p o u r s  
are sucked  ou t  of the  l abora to ry  by  an  electr ical ly d r iven  fan. 

For  the  n i n h y d r i n  s ta in ing  the  following solut ions  (modified MOORE AND STEIN reagent)  are  
prepared  : 

i .  Buffer  so lu t ion:  
Citric acid + H 2 0  13.3 g 
N N a O H  ioo ml  
SnC12 + 2 H 2 0  400 m g  
W a t e r  up to 25 ° ml  

The  buffer  so lu t ion  can  be kep t  for two weeks  when  kep t  unde r  paraff in oil. 

2. N i n h y d r i n  so lu t ion:  

N i n h y d r i n  (F. H o f f m a n n - L a  Roche,  Bale) 4 g 
methylce l losolve  IOO ml  

H ighes t  grade p u r i t y  of chemica ls  is needed  to g u a r a n t e e  low b lank  values.  
A m i x t u r e  of equal  v o l u m e s  of solut ions  I and  2 is p repared  and  1.5 ml  of it  are even ly  sp rayed  

on the  e h r o m a t o g r a m .  The  l a t t e r  is p laced for exac t ly  15 min  in an  oven  a t  6o ° C sharp .  

Isolation of the spots 
Afte r  d e v e l o p m e n t  of the  colour, t he  zone of each spo t  is careful ly  out l ined  on the  pape r  wi th  

a pencil .  An  adequa t e  ma rg i n  is a d v a n t a g e o u s  insofar  as t he  m u t u a l  posi t ion of ne ighbour ing  amino  
acid spo t s  allow it. As  a rule the re  is no difficulty in s ingl ing ou t  each spot ,  w i th  only  those  of leucine 
and  pheny la l an ine  over lapp ing  par t ly .  However ,  t he  following sp ray ing  wi th  KOFI reveals  pheny l -  
alanine,  which  t akes  on a s o m e w h a t  yel lowish colour, whereas  leucille is purple .  Lys ine  of ten  leaves 
a t ra i l  beh ind  and  m u s t  be t r ea ted  accordingly .  On  Fig. i t h e  th ree  circles B1, B2 and  B 3 (area o1 
each io  cm  2) des igna te  the  a reas  used  as b l ank  values .  

Removal of ammonia 
Carboxy l  g roups  of the  filter pape r  have  the  t e n d a n c y  to fix a m m o n i a .  Fol lowing t he  t echn ique  

of BOISSONAS it is d r iven  a w a y  by  sp ray ing  the  paper  wi th  K O H .  To th is  end 12. 5 ml of a i % solut ion 
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of KOH in absolute methanol are evenly sprayed on each side of the sheet of paper. The spray must  
be fine and preferably driven by compressed air under proper control from the operator. Holdin,q 
the sheet against  a window it should be uniformly transparent .  Any tlow of liquid mus t  be avoided 
as it would distort the spots. After spraying, the sheet is placed for 15 min in an oven at 6o ' C under 
a steady current of dry air. 

Second stage o/staining 
In order to keep a record of the chromatogram and to facilitate later calculation of the blanc 

value of each spot all the outlines of the spots are copied on a sheet of t ransparent  paper. Thereupon 
each spot is carefully cut out and placed in a labelled test tube. I ml of the reagent mixture used 
before is added to each tube and a complete immersion of the papercuts ascertained. The test  tubes 
are covered with a luminium caps and placed for 2o min in a boiling waterbath.  Then they arc rapidly 
cooled in running tap water. 

Elution o/ the colour pigment 
io nil of 5 ° % propanol are added to each test tube. They are well shaken at intervals and 

reading of the colour is performed after 9o min. 

Reading o/optical density in the Pul[rich step-photometer 
After thorough mixing the content  of the test  tubes is transferred into the cell (2 cm depth 

and 8 ml total volume) of the step-photometer.  As it was stated by MOORE AND STEIN 1 and again 
by Mc FARREN AND MILLS 4 the filter S 57 gives the max imum absorption and the highest density 
readings. For proline the violet filter L 43 is best suited. 

Calculation o~ result 
Calculation is necessarily based on well reproducible standards.  As a first step the puri ty of 

the amino acids was controlled by one-dimensional chromatography.  On the basis of these results 
the intensity of colour given by known amounts  of the different amino acids was determined. This 
had to be done because the leucine-factors as given by MOORE AND STEIN are apt  to vary somewhat  
when different chemicals are used (BolssoNAsl). In order to know the exact position of every amino 
acid, a map of spots had been prepared previously. 

Means o] control 
When the three blanks (Fig. lb. B1, ]3g, Bs) are read for their optical density it is easy to judge 

whether secondary factors have interfered with the ninhydrin reaction. The maximal  difference in 
optical density of the three blanks which is tolerated amounts  to 0.o2 units at  the step-photometer.  
In this way any measurable interaction of ammonia  ion is ruled out. The optical density of i ml 
of MOORE AND ~TEIN reagent is known, from the difference tha t  is found by measuring the three 
blanks. The area of the spots can easily be measured on the copy of the chromatogram, which had 
been done on t ransparent  paper. I t  is therefore possible to calculate for each spot the corresponding 
blank value. In this way the net optical density of each amino-acid spot is arrived at. Another 
means of control is given by the:  

Determination o] the total 
After the first stage of staining, a circle of io cm 2 surface is drawn in a free zone of the chromato- 

gram, as for a blank, and an amount  of the hydrolysate equal to one-tenth of tha t  which had been 
pu t  on the starting-circle is carefully placed on it from a micropipette. This circle is then subjected 
to the rest of the t rea tment  in the same way as an amino-acid spot. The resulting optical density 
will be a measure of the total a-amino N of the sample (Leucine factor to be used ~ 0.96). The 
total thus  experimentally obtained mus t  match  with the one calculated from the sum of the different 
a-amino acids. 

I n  o r d e r  to  p r o v e  t h a t  t h e  t w o  s t a g e  s t a i n i n g  p r o c e d u r e  is  r e a l l y  a d d i t i v e ,  t h e  

fo l l owin g  e x p e r i m e n t  w a s  p e r f o r m e d .  O n  a s h e e t  of  W h a t m a n  No.  I ,  w h i c h  h a d  p r e v i -  

o u s l y  b e e n  d i p p e d  in  p h e n o l / w a t e r  a n d  d r ied ,  two  r o w s  of c i rc les  of  3 c m  Q w e re  d r a w n  

s o m e  8 c m  a p a r t .  O n  e a c h  circle  0 .08 m l  M of  a n  a m i n o  a c id  (see T a b l e  I) w a s  p l a c e d  

b y  m i c r o - p i p e t t e .  T h e r e u p o n  t h e  s h e e t  w a s  t r e a t e d  l ike  a c h r o m a t o g r a m ,  b u t ,  be fo re  

s p r a y i n g  w i t h  MOORE AND STEIN r e a g e n t ,  one  r o w  of  t h e  c i rc les  w a s  c o v e r e d  w i t h  a t h i c k  

s h e e t  of  p a p e r .  T h e  a m o u n t  of  a m i n o  a c i d  r e c o v e r e d  f r o m  e a c h  c i rc le  w a s  e s t i m a t e d  

in  t h e  u s u a l  w a y .  T h e  r e s u l t s  a re  c o m p i l e d  in  T a b l e  I.  

T h i s  is  p r o o f  t h a t  n o  a m i n o  ac id  is  l o s t  b y  s t a i n i n g  f i rs t  on  p a p e r  a n d  i t  f u r t h e r  
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A mino acid 

T A B L E  I 

A mOlOlt put on Amount recovered Amount recovered 
paper from stained spots from unstained spots 

I*g I~g Pg 

/ lg  t l g  t l g  

G L Y  6 .0  6 ,o  5 .8  
A L A  7.1 7 ,6  7 .6  
V A L  9 .4  9 .7  9-5 
LI{U to .  5 lO. 5 lO. 5 

S E R  8. 4 8 .6  8. 5 
T H R  9.5  9 .5  9 .2  

A S [ '  lO. 7 lO.8 10. 5 
G L U  l i .8 i i .4 I 1.8 

H I S T  12, 4 12. 4 12.1 
L Y S  11.8 11. 4 11. 4 
A R G  14.o  13 .6  13.6 

T Y R  14. 5 13.6  13.6  
P H E  13.2 14.o  13.7  
P R O  9.2  8 .9  9 .o  

C Y S  9.5  9 .0  9 .5  
M E T  12.o  I2.O 11. 5 

TABLE II 

RECOVERY OF AMINO ACIDS FROM SYNTHETIC MIXTURE 

Experiment I : o.o 4 pM of different amino acids put on starting-circle, followed by chromatog- 
raphy. 

Experiment II : o.o8 #M of proline and histidine treated as above. 
Experiment III: o.o8/~M of cysteine and methionine on starting-cycle, oxidation by o.i % 

NH, molybdate in 35 % H20~, followed by chromatography. 

Exp. No. Amino acid A mount put on the Amount recovered from 
starting circle (#g) the corresponding spot (pg) 

I L E U  6 .0  5.5 
V A L  4.7  4 .9  
A L A  3.6  3.8 
G L Y  3.o  2.8 
T Y R  7.3 7 .0 
P H E  6.6  6 .0  
G L U  5.9  6 .3  
A S P  5.4  5 ,8 
L Y S  5.9  5-o 
A R G  7.o  6 .8  
S E R  4.2 4.2 
T H R  4.8  4-5 

2 P R O  9.2  9 .0  
H I S T  12. 4 4 .0  

3 C Y S  9 .5  IO.O 
M E T  12 .o I 1.5 
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s h o w s  t h a t  t he  e lu t ion  is a d e q u a t e .  As 

we w i s h e d  to  k n o w  the  p e r c e n t a g e  of 

a m i n o - a c i d  w h i c h  is s t a i n e d  d u r i n g  the  

first  s tep ,  lO .5 / t g  of leucine  ( o . o 8 / ¢ M )  

were  p u t  on p a p e r  a n d  s p r a y e d  wi th  

~{OORE AND STEIN reagent. A f t e r  

s p r a y i n g  w i t h  1% K O H  in m e t h a n o l  

t h e  r e s u l t i n g  spo t  was  cu t  ou t  a n d  

e l u t e d  in a t e s t  t u b e  b y  a d d i n g  o.5 ml 

of c i t r a t e  buf fe r  (pH 5.2), o.o5 ml  

m e t h y l c e l l o s o l v e  a n d  5 ml  of 5 o %  

p ropano l .  The  op t i c a l  d e n s i t y  was  r e a d  

a g a i n s t  a b l a n k  o b t a i n e d  f rom an 

equa l  su r face  of t h e  s a m e  pape r .  I t  

p r o v e d  t h a t  4 tzg of leuc ine  or  3 8 %  

of t he  t o t a l  a m o u n t  h a d  been  s t a i n e d  

in t he  first  s tage.  

I t  is useful  to c o m p a r e  two-  

d i m e n s i o n a l  c h r o m a t o g r a m s  of t he  

Fig. r. Two-dimensional chromatogranl of the hv- 
drolysatc of hunian serum albumin. Ascending run: 
propanol, descending run: phenol. 1¢ l, IL 2 and 1]:1 are 

areas of blanks. Quantitative assay. 

s a m e  s u b s t a n c e  i . e .  s e r u m - a l b u m i n ,  b u t  w i th  d i f l e r en t  pa i r s  of so lven t s .  The  spo t s  in 

Fig.  Ib ,  t he  m e t h o d  a c t u a l l y  desc r ibed ,  are  c o m i n g  nea r  t he  ideal  r o u n d  spo t s  a n d  are 

t h e r e f o r e  su i t ab l e  for q u a n t i t a t i v e  e s t i m a t i o n  of the  a m i n o  acids.  

TAI3I.E I1[ 

A M I N O  ACID C O M P O S I T I O N  OF N O R M A L  H U M A N  A L B U M I N  

g p e r  ~oo g a m i n o  acids  .llea~t devia¢i ,m 

M e a n  O f  each O f  mean  
2 8 4 5 . . . . . .  

abs. ~- % : abs. !: % :}: 

GLY I .o 1.05 1 .o 
ALA 8.0 8. 4 8. 4 
VAL 7.0 6. 4 6. 3 
LEU + ILEU I2.I 12.1 i2.i 

SER 2.9 2.8 2.6 2. 4 
THR 3.2 3 . 2  3 . 2  3 . 1  

ASP 10"5 1o.5 9.9 9.5 
GLU r7. 5 17.I 77.6 ~6.6 

HIST . . . . .  
LYS i2. 3 ~ 1.8 12. 5 ~2.o 
ARG 6.0 5.7 5-9 6.9 

TYR 5.z 4 .8 4.9 4 .6 
PHE 6.2 5.5 6.1 4.9 
PRO 4 .o 4-4 4.3 4 .6 

CYS 5.5 6.o 6.o 6.7 
MET . . . . . .  

Total 
M e a n  v a l u e  

Re/erences  p. 2 t  4. 

0.95 0.95 0.99 0.04 4.0 o,oI7 1.7 
7.6 8.4 8.14 0.35 4-4 ° ' I5 1.8 
6.o 6.0 0.34 o. 42 ¢).6 o. 18 2.9 

I 2 . 1  12 .1  1 2 . I  O.O 0 . 0  O.O O.O 

2.4 2.62 0.23 8.8 O. lO 3.9 
2.9 3. J 2 o. z 3 4.2 0.06 2.o 

9 .0 9.87 o.76 7.7 0.34 3.5 
16.9 I7.o8 0.36 2.1 o. 15 o.9 

11.3 11.95 o.5I 4-3 o.21 1.8 
6.9 6.3~ 0.56 8.8 0.24 3-9 

5.2 4-91 o.25 5.o o. I2 2. 3 
5.8 5.64 0.55 9.5 0.23 4 .1 
4.6 4.38 o. I9 4.3 0.09 2.o 

6.2 6.07 o.4t 6.8 o. I8 3.0 

9 9 . 5 2  

": 5.4 i 2-4 
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Tab le  I I  s h o w s  t h e  r e su l t s  of t h ree  e x a m p l e s  of n u m e r o u s  e x p e r i m e n t s  on m i x t u r e s  

of tmre  a m i n o  acids .  I t  is e v i d e n t  t h a t ,  t a k i n g  a c c o u n t  of u n a v o i d a b l e  e r ro r s  of p i p e t t i n g  

etc. ,  t he  r e c o v e r y  of t h e  a m i n o  ac ids  n o r m a l l y  occu r r i ng  in a h y d r o l y s a t e  is q u a n t i -  

t a t i v e  for all of t h e m  e x c e p t  h i s t id ine .  

The  r e su l t s  o b t a i n e d  for h u m a n  s e r u m  a l b u m i n ,  l i s t ed  in Tab le  I I I ,  are in fa i r ly  

g o o d  acco rd  w i t h  t h e  va lues  g iven  b y  BI~.\XD AXD EDSALL a. H i s t i d i n e  is n o t  l i s t ed ;  the  

diff icul t ies  e n c o u n t e r e d  w i t h  t h i s  a m i n o  ac id  are be ing  f u r t h e r  i n v e s t i g a t e d  ( co mp a re  

TRISrrl~.\M). 

SUMMARY 

A method is described for the quantitative deterininatiim of amino acids on filter paper. The 
staining with MOOR AND STEIN reagent is done in two stages, the first staining being done on the 
paper directly and the second in a glass tube with the eluted amino acid. As the method is a very 
sensitive one, different means of control are pointed out. As a result five quantitative determinations 
of the amino acid conIposition of normal human albumin are stated. The method should be useful 
for those already well acquainted with two-dimensional chromatography and where the available 
quantity of protein material is small. 

RESUMI~ 

Une n16thode itui pernlet le dosage quantitatif des acides amin6s sur papier filtre est d6crite. 
La coloration par le rdactif de MOORE ET STEIN se fait en deux ~tappes. La premiere coloration 
est exdcut6e directement sur le papier, la seconde dans une ~prouvette apr~s 61ution de chaque 
acide amin6. La m~thode 6tant tr~s sensible, plusieurs moyens de contr61e sont indiqu6s. Cinq 
ddterminations quantitatives (ex6cutu6es parall~lement) des acides amin6s qui composent l 'albumine 
huinaine norniale sont pr6sent~es comme r6sultat. La mfthode devrait ~tre utile aux chercheurs 
qui ont de l'exp6rience en chromatographie ~ deux dimensions et dans les cas off la quantit6 de 
matdriel prot6inique ~ disposition est limit6e. 

ZUSAMMENFASSUNG 

Es wird eine Methode beschrieben welche die quantitative Bestimmung yon Aminos~uren im 
Filterpapier gestattet. Die Farbreaktion mit MOORE UND STEIN Reagens wird in zwei Stufen vor- 
genomnlen. Zuerst direkt auf dem Papier und nochmals im Reagensglas mit dem Eluat jeder ein- 
zelnen AminosXure. Da die Methode sehr empfindlich ist, werden mehrere Kontrollen angegeben. 
Als Resultat werden fiinf parallel geftihrte quantitative Bestimmungen der Aminos~urebausteine 
yon normalem inenschlichen Serumalbumin aufgeffihrt. Die Methode dtirfte sich als wertvoll erweisen 
wenn beim Ausftihrenden Erfahrung in zweidimensionaler Chromatographie vorausgesetzt werden 
darf und wenn fiir die Bestimmung nur wenig Protein erhMtlich ist. 
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