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Fig. 4. Analytische Uttrazentrifugation von F-Antigen. Material: Balb/c, auf CM-Zellulose nicht retiniertes Material (8 mg/ml). LS- 
sungsmittel: 0,01 M Phosphatpuffer pH 8, 0,1 M NaC1, 0,1% EtSH. Laufbedingungen : Doppelsektorzelle mit Quarzfenster, 59 780, 20 °C. 

Untersuchungen an gereinigten F-Antigenen. I n  de r  
P A G E  e ze igen gere in ig te  F - A n t i g e n e  e ine  einzige B a n d e ,  
die s t e t s  gleich wei t  w a n d e r t  (F igur  2). N a c h  Zusa t z  von  
SDS  9 e rg ib t  s ich in der  P A G E  ein  komplexeres ,  abe r  bei  
a l l en  S t A m m e n  gleiches Bild.  Die  H a u p t k o m p o n e n t e  
weis t  ein Moleku la rgewich t  u m  40000 in de r  k o m p a r a -  
t i v e n  P A G E  auf  (F igur  3). 

F - A n t i g e n e  s ind  gelbe  P r o t e i n e  m i t  e inem E x t i n k t i o n s -  
m a x i m u m  bei  410 n m  n e b e n  d e m  im t ibr igen  ffir P r o t e i n e  
t y p i s c h e n  A b s o r p t i o n s s p e k t r u m .  I n  de r  a n a l y t i s c h e n  
U l t r a z e n t r i f u g e  (F igur  4) w a n d e r t  F - A n t i g e n  als  h o m o -  
gene s y m m e t r i s c h e  K o m p o n e n t e  yon  5 ,4s .  Mi t  de r  
A n t h r o n m e t h o d e  5 k a n n  ein Z u c k e r g e h a l t  v o n  r u n d  1 
G lukoseAqu iva l en t  p ro  40000  Moleku l a rgewich t  n a c h -  
gewiesen werden .  

Diskussion. Die bis  d a h i n  vor l i egende  I n f o r m a t i o n  is t  
u n z u r e i c h e n d ,  u m  das  i m m u n o l o g i s c h e  V e r h a l t e n  de r  
F - A n t i g e n e  zu deu t en .  E i n  Z u s a m m e n h a n g  m i t  H i s to -  
i nkompa t ib i l i t~ t t s -An t igenen  (H-2) is t  uns i che r  u n d  un-  
wah r sche in l i ch  TM. 2 n i c h t  i m m u n i s i e r b a r e  M£~usestgmme 

h a b e n  2 A n t i g e n e ;  sie k 6 n n t e n  d e m n a c h  h e t e r o z y g o t  in  
Bezug  au f  F sein.  Aussagekr~f t ige  R e s u l t a t e  w e r d e n  
v e r m u t l i c h  in d e r  A m i n o s ~ t u r e n z u s a m m e n s e t z u n g  bzw. 
-sequenz  zu f inden  sein.  

Summary. F - a n t i g e n s  a re  g lycopro te ins  w i t h  s~o, 0.1 M 
NaC1 = 5.4 a n d  a m a i n  c o m p o n e n t  in S D S - p o l y a c r y l a m i d e  
of molecu la r  w e i g h t  of 40, 000. S e p a r a t i o n  of F - a n t i g e n s  
is desc r ibed ;  w i t h  t h e  m e t h o d s  used t h e y  a re  ind i s t in -  
guishable .  
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U se  of A m i n o  A c i d - A n a l y z e r  for Identif icat ion of SH Label led C - T e r m i n a l  A m i n o  Acid 1 

A new m e t h o d  for  t h e  d e t e r m i n a t i o n  of C - t e r m i n a l  
a m i n o  ac id  in pep t i de s  a n d  p ro t e in s  b y  se lec t ive  t r i t i u m  
l abe l l i ng  is r e p o r t e d  b y  MATSUO et  al. ~. I t  is b a s e d  o n  
oxazo lone  f o r m a t i o n  b y  t h e  a c t i o n  of acet ic  a n h y d r i d e  
fol lowed b y  base - ca t a lyzed  hydro lys i s  of oxazo lone  r ing ;  
t h e  C - t e r m i n a l  SH-label led a m i n o  acid was  de t ec t ed ,  
a f t e r  c o m p l e t e  h y d r o l y s i s  of pep t ides  or  p ro te ins ,  b y  
p a p e r  c h r o m a t o g r a p h y  w i t h  t h e  a id  of r a d i o c h r o m a t o -  
g ram-scanne r* .  G. N. HOLCOMB e t  al. 3 h a v e  used  for  t h e  
s a m e  pu rpose  t h i n - l a y e r  c h r o m a t o g r a p h y  a n d  t h e  spo t s  
were cu t -o f f  f rom t h e  p l a t e s  a n d  t r a n s f e r r e d  i n to  v ia l s  
c o n t a i n i n g  a l iqu id  sc in t i l l a to r .  

T h e  pu rpose  of t h e  p r e s e n t  p a p e r  is to  d o c u m e n t  a new 
sens i t ive  a n d  u n a m b i g u o u s  p r o c e d u r e  b a s e d  on  t h e  re- 
so lv ing  power  of t h e  a m i n o  ac id -ana lyze r .  T h i s  p rocedure ,  
because  i t s  s ens i t i v i ty ,  is especia l ly  s u i t a b l e  for  la rge  
pep t ide s  or  p r o t e i n s  where  t h e  a m o u n t  of C - t e r m i n a l  
a m i n o  ac id  r e p r e s e n t s  on ly  a sma l l  p o r t i o n  of t o t a l  a m i n o  
acids.  

Materials and methods. E l e d o i s i n - O c t o p u s  was  k i n d l y  
suppl ied  b y  F a r m i t a l i a .  R i b o n u c l e a s e  a n d  g l u t a m y l -  
v a l y l - p h e n y l a l a n i n e  were  p u r c h a s e d  f r o m  S I G M A  Chem.  
Co., t r i t i a t e d  w a t e r  f rom N E N  Chemica l s  G m b H ,  Liqui-  
f luor  25x f r o m  Nuc l ea r  Chicago.  All  r e a g e n t s  were pu re  
chemica ls .  

R i b o n u c l e a s e  (2 rag) or  p e p t i d e  (0.2-0.5 mg) was  dis- 
so lved  in  0.1 m l  of aH20 (100 mC) p lus  0.2 m l  of py r id ine  

a n d  0.05 ml  of acet ic  a n h y d r i d e .  T h e  m i x t u r e  was a l lowed 
to  s t a n d  a t  r oom t e m p e r a t u r e  for  5 h. T h e  so lven ts  were 
r e m o v e d  in  v a c u u m  a t  40 °C a n d  t h e  res idue  was  w a s h e d  
6 t i m e s  w i t h  2 ml  of d is t i l led  water .  T h e  sample  was 
h y d r o l y z e d  w i t h  HC1 6 N  a t  l l 0 ° C  for 24 h in v a c u u m  
sealed t ube .  T h e  h y d r o l y z a t e  was  dr ied  ove r  PzO 6 a n d  
K O H  in  v a c u u m .  T h e  res idue  was dissolved in 0 . 2 M  
c i t r a t e  buf fe r  p H  2.2. A 0.5 ml  p o r t i o n  of t h e  a b o v e  
so lu t ion  was  app l i ed  to  t h e  c h r o m a t o g r a p h i c  c o l u m n s  
of t h e  U n i c h r o m  a m i n o  acid ana lyzer .  T h e  ex i t  of t h e  
f low co lo r ime te r  was  connec t ed  b y  a t e f lon  cap i l l a ry  t u b e  
to  a v o l u m e t r i c  f r ac t i on  col lec tor ;  2 m l  f r ac t i ons  were  
col lected.  T h e  n i n h y d r i n  co lour  of  t h e  f r ac t i ons  was  
m e a s u r e d  a t  570 n m  or 440 n m  us ing  a B e c k m a n  D B  
s p e c t r o p h o t o m e t e r .  A 0.8 ml  p o r t i o n  of e v e r y  f r a c t i o n  
was  i n t r o d u c e d  in to  c o u n t i n g  v ia l  a n d  success ive ly  0.5 m l  
of d is t i l led  w a t e r  a n d  10 ml  of sc in t i l l a t ion  so lu t ion  were  

1 This work was supported by grants from Ministero della Pubblica 
Istruzione and Italian Consiglio Nazionale delle Ricerche. 
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Top: profile of amino acid analysis of 
bovine pancreatic ribonuelease. 
Bottom: radioactivity of each eluate 
fraction of 2 ml, expressed as cpm. 

Protein Ribonuclease Glutamyl-Valyl- Eledoisin- 
or peptide Phenylalanine Octopus 
(nmoles analyzed) 35 210 136 

(Counts per minute) • 
Lys 0 0 
His 0 
Arg 0 
Asp 900 620 
Thr 0 
Ser 174 610 
Glu 200 350 0 
Pro 0 0 
Gly 724 0 
Ala 0 0 
Cys 0 
Val 26,625 0 
Met 0 2,060 
Ilu 0 200 
Leu 0 0 
Tyr 0 
Phc 0 115,115 0 

* Expres~d as the sum of cpm of all fractions of each amino acid. 

added.  The compos i t ion  of sc int i l la t ion solut ion was :  
1/3 Tr i ton  x × 100 and  2/3 Liqui f luor  d i lu ted  wi th  to luene  
(1:I0) .  The  vials were  s t rongly  shaken  and  r a d i o a c t i v i t y  
was measu red  w i t h  a Nuclear  Chicago l iquid sc int i l la t ion 
spec t romete r .  

Results and discussion. In  t h e  top  of t he  F igure  a 
profi le  of amino  acid analys is  is s h o w n  and,  in t he  b o t t o m ,  
t he  ba r s  r ep resen t  t h e  r ad ioac t i v i t y  for each  e lua te  frac- 
t i on  of 2 ml, expressed  as cpm.  

In  t he  Table  the  r ad ioac t i v i t y  values  measu red  in 
3 e x p e r i m e n t s  are  r epo r t ed  in wh ich  we used respec t ive ly  
a p r o t e i n  (ribonuclease),  a t r i p e p t i d e  (g lu tamyl-va ly l -  
phenyla lan ine)  and  a p o l y p e p t i d e  (eledoisin). The  va lues  
r epo r t ed  refer  to  t he  t o t a l  vo lume  of t he  f rac t ions  cor- 
r e spond ing  to  each amino  acid. The  a d v a n t a g e s  of t he  
m e t h o d  descr ibed  in compar i son  wi th  o the r  s imilar  
p rocedures  m a y  be s u m m a r i z e d  as follows. 

A b e t t e r  s epa ra t ion  of t he  amino  acids  jo ins  w i t h  a 
h igher  r eproduc ib i l i ty  and  precis ion in t h e  iden t i f ica t ion  
of the  label led amino  acids. F u r t h e r m o r e  the  measure-  
m e n t  of r ad ioac t iv i ty ,  carr ied ou t  b y  p u t t i n g  samples  
of e lua te  f r o m  a m i n o  acid analys is  d i rec t ly  in vials con- 
t a in ing  the  sc in t i l la t ion  l iquid,  reduces  t h e  loss of  volat i le  
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a l d e h y d e s  t h a t  m a y  ar ise  in  t h e  r e a c t i o n  b e t w e e n  a m i n o  
ac ids  a n d  n i n h y d r i n .  T h i s  f a c t  cou ld  t u r n  o u t  to  b e  
a d v a n t a g e o u s ,  espec ia l ly  w h e n  such  c o m p o u n d s  are  
fo rmed  f rom C - t e r m i n a l  a m i n o  a c i d s t  

Riassunto .  Viene  d e s c r i t t a  u n a  n u o v a  m e t o d i c a  pe r  la 
ident i f ieaz ione ,  in  p ro t e ine  o pep t id i ,  degl i  a m i n o  acidi  
C - t e rmina l i  m a r c a t i  m e d i a n t e  t r i t i a z i one  se le t t iva .  

I v a n t a g g i  di  ques to  p r o c e d i m e n t o ,  b a s a t o  sul l 'uso  
d e l l ' a m i n o  ac id -ana lyze r ,  r i spe t t o  a d  a t t r i  ana togh i ,  con-  
s i s tono  e s s e n z i a l m e n t e  in  u n a  p i h  a l t a  sensibilitY, ed in 

u n a  magg io re  r iproducibi l i t~t  e p rec i s ione  ne l la  ident i f i -  
caz ione  degl i  a m i n o  ac id i  ma rca t i .  

G. CAPPUGI, P. NASSI, 
C. TREVES a n d  G. I~AMPONI 

Is t i tu to  di Chimica  biologica dell' Universi th  di Firenze,  
Firenze  (Italia),  7 J u l y  1970. 

4 We are indebted to Mr. G. CAraxcI for his skillful technical assistance. 

D a s  V e r h a l t e n  v o n  P o l y s a c c h a r i d e n  w l i h r e n d  d e r  

E s  s te l l t  s ich das  P r o b l e m ,  ve r s ch i edene  P f l a n z e n -  
g u m m e n ,  die als Gelier-  u n d  V e r d i c k u n g s m i t t e l  v e r w e n d e t  
werden ,  v o n e i n a n d e r  zu t r e n n e n .  W i e  PADMOYO u n d  MI- 
SEREZ* besch r i eben ,  e igne t  s ich d a z u  d ie  M e t h o d e  de r  
Mik roe l ek t ropho re se  au f  Ce l lu loseace ta t fo l i en  u n t e r  Ver -  
w e n d u n g  eines  Bora tpu f f e r s .  D a m i t  e r h a l t e n  die  a n  s ich  
u n p o l a r e n  Po lysaccha r idmolek i i l e  e ine L a d u n g ,  d ie  sic 
i m  e l ek t r i s chen  F e I d  zu r  ~ r a n d e r u n g  ve ran l a s s t .  E s  w/ire 
n i i t z l i ch  zu wissen,  wie  die  W a n d e r u n g s s t r e c k e  de r  Po ly -  
s accha r ide  d u r c h  die St romst~i rke  u n d  die W a n d e r u n g s -  
zei t  b e s t i m m t  wird,  

V e r w e n d e t  w u r d e  e in  Mic roce l l -E lek t rophoresege r / i t  
de r  F i r m a  B e c k m a n .  Als Tr~iger b r a u c h t e n  wi r  Fo l i en  
de r  M e m b r a n f i l t e r - G e s e l l s c h a f t  G6 t t i ngen ,  welche  aus  
Ce l lu loseace ta t  he rges t e l l t  s ind.  D e r  Puf fe r  m i t  e iner  
B o r a t k o n z e n t r a t i o n  v o n  0,06 tool/l ,  e iner  I o n e n s t ~ r k e  
yon  0,065 u n d  e i n e m  p I t - W e r t  y o n  10,0 wurde  k o n s t a n t  
geha l t en .  

Auf  de r  g le ichen  Fol ie  w u r d e n  in  v e r s c h i e d e n e n  Ze i t -  
abs t i~nden m i t  Hi l fe  e ines  S t empe l s  G e m i s c h e  y o n  Po ly -  
s accha r iden  au fge t r agen .  Das  S i c h t b a r m a c h e n  de r  Sub -  
s t a n z e n  au f  de r  Fol ie  ge s chah  n a c h  d e r  M e t h o d e  y o n  
PADMOYO u n d  MISEREZ 1. 

M i k r o e l e k t r o p h o r e s e  

D a  sich die Fol ie  bei  de r  T r a n s p a r e n t m a c h u n g  mei -  
s t ens  e twas  ve rz i eh t ,  i s t  es unzweckmfiss ig ,  die W a n -  
de rungss t r ecke  in  m m  anzugeben .  W i r  o r d n e t e n  d a h e r  de r  
po ten t i e l l  m a x i m a l e n  W a n d e r u n g s s t r e c k e  ( E n t f e r n u n g  
Auf t r agco r t  - Be fes t igungss t e l t e  de r  Folie)  d e n  W e l t  1 zu. 
Die  t r a n s p a r e n t e n  F o l i e n  w u r d e n  d a n n  in e i n e m  Dens i t o -  
m e t e r  au sgemessen  u n d  ih re  A b s o r p t i o n  m i t  Hi l fe  e ines  
Schre ibers  reg i s t r i e r t .  Die  S t r ecke  v o m  A u f t r a g e o r t  d e r  
S u b s t a n z  bis  zu r  Stelle,  a n  de r  de r  S c h w e r p u n k t  e ine r  
B a n d e  reg i s t r i e r t  wird ,  e r g i b t  d ie  W a n d e r u n g s s t r e c k e  w. 

Die E x p e r i m e n t e  e r g a b e n  e ine  l ineare  A b h ~ n g i g k e i t  
y o n  w fiir die ganze  W a n d e r u n g s s t r e c k e  (e twa 5 cm) 
sowohl  v o n d e r  W a n d e r u n g s z e i t ,  a ls  a u c h  v o n d e r  S t r o m -  
st~.rke, welche  wi ih rend  des  E x p e r i m e n t e s  k o n s t a n t  ge- 
h a l t e n  wurde.  

Die  A b N i n g i g k e i t  de r  W a n d e r u n g s s t r e c k e  yon  de r  
W a n d e r u n g s z e i t  e r g i b t  e ine  U r s p r u n g s g e r a d e  w m i t  d e r  
S t e i g e r u n g  n = dw]dt, welche  ih re r se i t s  wieder  e ine  F u n k -  
t i o n  de r  S t roms t l i r ke  I i s t  (Tabe l le  I ) :  

w(0 = n( t ) - t  (1) 

Die  Abh / ing igke i t  de r  W a n d e r u n g s g e s c h w i n d i g k e i t  n y o n  
der  S t roms tArke  e r g a b  e ine  Gerade ,  we lche  in  de r  Regel  

Tabelle I. Mikroelektrophoretische Wanderung w yon Gummi arabicum als Funktion der Stromstfirke I u n d  der Wanderungszeit t. Steigung 
n = dIldt 

I (mA) Wanderungsstrecke w, Versuchsdauer (min) n. 10 -3 

5' 10' 15' 20' 25' 30' 35" 40' 45' 

1 - - 0 ,08 - 0 ,14  - 0 ,19 - 0 ,24 5,4 
J 3 - 0,13 0,20 0,28 0,35 - - 0,55 - 13,5 

5 - 0,21 0,32 0,43 0,53 0,64 - 0,86 - 21,2 
7 0,15 0,28 0,44 0,58 0,72 0,82 1 1 1 29,0 

Tabelle II. Abh~ingigkeit der Wanderung einiger Polysaccharide im 
elektrischen Feld yon verschiedenen Versuchsparametern 

Substanz m q 

St~irke 1,57 × I0 -a 2,0 × 10 -a 
Gummi arabicum 3,94 1,75 
Tragant 5,0 3,0 
Natriumpektat 6,67 0 

n i c h t  d u r c h  d e n  U r s p r u n g  verli~uft, w e n n  au f  e ine  S t r o m -  
s t / i rke yon  0 e x t r a p o l i e r t  wird.  Die  L inea r i t i i t  i s t  a b e r  fiir 
e ine S t roms t l i rke  >_ 1 m A  p r a k t i s c h  gegeben  (Tabe l le  I ) :  

n(i ) = m . I  + q 
q = n-Achsen-Abschni t t  (2) 
m = Steigung dn/dI im h; I -Diagramm 

1 M. I)ADMOYA und A. MISEREZ, Mitt. eidg. GesundhAmt 58, 31 
(1967). 


