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Summary. — Ana ly t i c  reversed-phase  h igh  pe r fo rmance  l iquid  
c h r o m a t o g r a p h y  (ŔP-HPLC) w a s  performed t o  separate  f r o m  
t h e  crude ly sed  h u m a n  leukocyte  ul t raf i l t rate  (LLU) i t s  par t ia l ly  
purif ied most  immunoact ive  subfract ion P2/II  in vivo. Under 
conditions used,  t h e  highest  degree of segregation of both, L L U  
a n d  P2/II could b e  observed in t h e  first, a s  well a s  in  t h e  l a s t  
t w o  fifth of t h e  w a t e r  — m e t h a n o l  g rad ien t .  T h e  compar i son  of t h e  
R P - H P L C  t r a c e s  of L L U  a n d  P 2 / I I  suggests  t h a t  p r o b a b l y  some  
hydroph i l i c  c o m p o n e n t s  of L L U  h a v e  b e e n  r e m o v e d  o r  — a t  
l eas t  — diminished .  T h e  p r e l im ina ry  a m i n o  ac id  ana lys i s  (AA) 
of t h e  selected p e a k s  showed  t h a t  n o n e  of t h e m  l acks  Gly,  Ser ,  
a n d  Glu .  Of t h e  bas ic  a m i n o  ac id  res idues  L y s  h a s  b e e n  f o u n d  
w i t h  re la t ive ly  m a n y  p e a k s  while  h y d r o p h o b i c  a s  well a s  a ro ­
m a t i c  a m i n o  ac ids  h a v e  been  rep resen ted  v e r y  modes t ly .  F u r t h e r  
s t u d y  is  w a r r a n t e d  i n  o rde r  t o  d e t e r m i n e  b e t t e r  t h e  bear ings  of 
p r e sen t ed  findings f o r  t h e  in vivo s i tua t ion .  
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Introduction 

Transfer / inducer - fac tor  (TF) ,  un l ike  t o  earl ier  def in i t ion (Lawrence,  1955), 
is a t  p r e s e n t  classified (Chase, 1983; F u d e n b e r g ,  1987) a s  a substance(s)  
produced b y  he lper  l y m p h o c y t e s  (CD4) of t h e  specifically sensi t ized donor .  
11 induces  i n  t h e  non-sensi t ized rec ip ient  n u m e r o u s  cel l -mediated i m m u n e  

responses i n  a n  an t igen-dependen t  m a n n e r ,  regardless  of t h e  interspecies  
barr ier .  I t s  u n i q u e  proper t i es  a r e  app rec i a t ed  i n  t r e a t m e n t  of e.g. v i ra l  in­
fections in ind iv idua ls  w i th  immunodef ic iences  of cellular t y p e  (Asher  et al., 
1976: Klesius.  1981; K i r k p a t r i c k  et al., 1983; M a y e r  et al, 1983; M a y e r  a n d  
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B o r v á k ,  1987; WilHon et al., 1988). A s  t h e  number  of di f ferent  l o w  molecular 
inaHH ( < 1 0 . 0 0 0 )  substances  in L L U  — t h e  m o s t  c o m m o n  source  of  T F  — 
is considerably  high (more t h a n  200 d i s t i nc t  moieties,  F u d e n b e r g ,  1987), 
m a n y  purif icat ion procedures  h a v e  been a t t e m p t e d  t o  g e t  T F  r id of con­
t a m i n a t i n g  cons t i t uen t s  (Klesius a n d  F u d e n b e r g ,  1977; P a d d o c k  et al., 1979: 
Maye r  et al., 1983; Borv á k ,  1987; Huo  Bao-Lai et al., 1987; Franke  et al., 
1987; B o r v á k  et al., 1988). However,  until  now none of t h e  described purifi­
ca t ion  procedures  achieved  a resolut ion power  suff ic ient  f o r  p roduc t ion  of 
T F  in desired a m o u n t  a n d  of su i tab le  p u r i t y  f o r  s t ruc tu ra l  a s  well a s  more  
precise biological analyses .  

O u r  recen t  con t r ibu t ion ,  based  pa r t i a l ly  o n  p re l imina ry  e x p e r i m e n t s  (Bor­
v á k  et al., 1987). deals with amino acids  analysis of selected RP-HPLC peaks  
o f  L L U  and P2/II.  The  P2/II fraction administered t o  pat ients  wi th  herpes 
zoster (Mayer  et al., 1987), a s  compared with placebo a) provided f a s t e r  
cessation of  v i rus  shedding in cutaneous lesions and their accelerated heal­
ing ;  b )  induced  earl ier  a p p e a r a n c e  of a n d  more  p ronounced  leukocy te  mi­
g ra t ion  inh ib i to ry  f a c t o r  p roduc t ion .  

T h e  n a t u r e  of  t h e  m o s t  commonly  occur ing  a m i n o  acid res idues  a s  well 
a s  some  p a r a m e t e r s  of t h e  employed  R P - H P L C  co lumns  is discussed.  

Materials and Methods 

Chemir.dU. T h e  research g r ade  trirluoroacetic acid (TFA) was  supplied b y  Se rva  (Heidelberg, 
F .R.G.) .  Methanol  for  U V  spectroscopy and  t he  o t h e r  organic solvents  were purchased f r o m  
Merck ( D a r m s t a d t ,  F .R .G. ) .  All o t h e r  compounds ,  if otherwise n o t  specified, were of ana ly t ica l  
reagent  g r ade  (Lachema,  Brno ,  Czechoslovakia).  

Preparation of LLU and P2/II h a s  been  described elsewhere (Mayer  et al., 1983; Borvá k  
and Mayer, 1985). 

Analytical reversed-phase high performance liquid chromatography. A n  L K B  (Bromma, Sweden) 
HPLC sys tem with  a Shimadzu U V  detector SPD-2A w a s  used for  all RP-HPLC separations.  
SGX C-18 column of 2 5 0 x 4  min I.D. packed wi th  7 (xm particle size Separon (Laboratorní 
př ís troje  — P r a h a )  w a s  appl ied for  t h e  separa t ion  of e i ther  100 (i.1 o r  20 (j.1 a l iquo ts  of sample  
solut ion.  W a t e r  and  me thano l  were used a s  mobile phases  t o  fo rm l inear  g rad ien t .  F o r  degasing 
of t h e  solvents  helium (Gumpoldskirchen, Austr ia)  h a s  been  employed.  O t h e r  condi t ions  of 
R P - H P L C  a r e  described in t h e  legends t o  t he  chromatographic  figures. 

Amino acid analysis. Collected d rops  corresponding t o  individual H P L C  peaks  were vacuum-
dr ied  a t  room tempera tu re ,  washed wi th  w a t e r  a n d  vacuum-dr ied  aga in .  T h e  samples  were 
hydrolysod in (> mol / l " 1  HCI conta in ing  0 . 1 %  phenol a t  110CC fo r  20 h r  in sealed evacua ted  
tubes  a n d  subsequent ly  analysed according t o  Moore a n d  Ste in  (1954) in a D u r r u m  D-500 
a m i n o  acid ana lyzer  (Spackman  et al., 1958). Norleucine a s  in ternal  s t a n d a r d  h a s  been  a d d e d  
t o  t h e  samples.  N o  special analyses  were pe r fo rmed  fo r  half-cystine o r  t r y p t o p h a n  residues. 

Results and Discussion 

If 100 |j.l s amp le  a l iquo t s  h a v e  been appl ied  o n t o  t h e  R P - H P L C  co lumn,  
a t  l e a s t  five p r o m i n e n t  peaks  appea red  on ana ly t i ca l  R P - H P L C  t r a c e  of 
L L U  (Fig.  I), t h e  first h a v i n g  been c lu ted  a t  0 . 4 %  (V/V) me thano l  concen­
t r a t i o n ,  t h e  second a t  15% methano l  concen t ra t ion ,  e t c .  A t  t h e  v e r y  begin­
n ing  of t h e  t r a c e  a r a t h e r  hydrophi l ic  p e a k  appea r s ,  represen t ing  p r o b a b l y  
a he te rogeneous  m i x t u r e  of  t h e  u l t ra f i l t ra tes '  componen t s .  On  t h e  ana ly t ica l  
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Fig. 1. 
Analytical  trace of crude L L U  in 

RP-HPLC 
Conditions 
Column: Separcn SGX C18 
Sample: human LLU, 2.5 m g  in 100 (il 

H 2 0  
Eluant :  A .  0.05 % T F A  in H2O 

B .  0.05 % T F A  in CHaOH 
Gradient: 0 %  B 5 min., init.  

8 0 %  B in 4 0  min., lin. 
1 0 0 %  B in 5 min., lin. 

Flow r a t e :  0.5 ml/min. 
Temp.: Ambient  
Detection: U V  a t  230 nm, 0.64 A U F S  
Abscissa:  t ime (minutes); ordinate:  ab-

sorbance a t  230 nm.  

91.5 

0 

R P - H P L C  t r a c e  of t h e  semipuri f ied mater ia l  P2/II  (Fig. 2) t h r e e  f a i r l y  p r o ­
n o u n c e d  p e a k s  c a n  b e  seen  a t  m e t h a n o l  c o n c e n t r a t i o n s  of  2 0 . 9 % ,  6 5 . 0 % ,  
a n d  9 8 . 2 % ,  respec t ive ly .  P r e l i m i n a r y  ana lys i s  s h o w e d  t h a t  t h e  m o s t  p reva i l ­
i n g  c o m m o n  a m i n o  a c i d  res idues  i n  t h e  f i r s t  t w o  f r a c t i o n s  a r e  G l y  a n d  Se r ,  
t h e  first p e a k  i nc lud ing  a lso  a g r e a t  d e a l  of  T y r .  

W h e n  r e p e a t e d  H P L C  a n a l y s e s  w i t h  2 0  (xl s a m p l e  a l i q u o t s  w e r e  p e r f o r m e d ,  
m u c h  b e t t e r  r e so lu t ion  cou ld  b e  o b s e r v e d  of  b o t h ,  L L U  (Fig .  3) a n d  P 2 / I I  
(Fig.  4). I n  t h e s e  cases  26 well  s eg rega t ed  p e a k s  w e r e  o b t a i n e d  b u t  t h e  e n ­
t i r e  n u m b e r  of  all p e a k s  w a s  l a rge r .  A m i n o  a c i d s  of  t h e  b e s t  s e g r e g a t e d  
9 p e a k s  of L L U  a s  well  a s  t h a t  of t h e  b e s t  s eg rega t ed  8 p e a k s  of  P 2 / I I  a r e  
l i s ted  i n  T a b l e  1. 

A s  fol lows,  n o n e  of t h e  a n a l y s e d  p e a k s  l a c k s  Gly ,  Ser ,  G lu ,  A s p ,  T h r ,  a n d  
Ala .  A s  r e p o r t e d  b y  Wi l son  et al. (1977) a n d  U o t i l a  et al. (1978), G l y  a n d  S e r  
a r e  t h e  m o s t  f r e q u e n t  a m i n o . a c i d  res idues  i n  t h e  a c t i v e  l e u k o c y t e  u l t r a -
f i l t r a t e  s u b f r a c t i o n .  T h e  t h i r d  m o s t  a b u n d a n t  a m i n o  a c i d  r e s idue  is G l u  
w h i c h  i s  fo l lowed r i g h t  b y  A s p ,  whi le  T h r  a n d  A l a  w e r e  f o u n d  i n  m u c h  less  
quan t i t i e s .  H y d r o p h o b i c  a s  well  a s  a r o m a t i c  a n d  bas i c  a m i n o  a c i d  r e s i d u e s  

Fill- 2.  
Analytical  R P - H P L C  of alcchol precipi­

t a t e d  h u m a n  L L U  f rac t ion  — P 2 / I I  
Conditions 
Column: Sepa rcn  S G X  C18 
Sample:  P2/11 ,  2.5 m g  in 100 (j.1 H2O 
E l u a n t :  A .  O.C5% T F A  in  H 2 0  

B .  0 . 0 5 %  T F A  in C H a O H  
Gradient :  0 %  B 5 min . ,  in i t .  

8 0 %  B in  40 min . ,  1 in.  
100% B in 5 min . ,  l in.  

F low r a t e :  0.5 ml /min .  
Temp. :  A m b i e n t  
Detect ion:  U V  a t  230 n m ,  0.64 A U F S  
Abscissa: t i m e  (m'nutes) ;  o r d i n a t e :  ab -

sorbance a t  230 n m .  

Abs. 
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w e r e  f o u n d  rare ly .  N o  o n e  o f  t h e  a n a l y s e d  p e a k s  a p p e a r s  t o  i n v o l v e  Phe,  
t h o u g h  a c c o r d i n g  t o  o u r  p r e v i o u s  results  ( B o r v á k  ci al., 1987) i t  l ias b e e n  
s h o w n  t o  h e  p r e s e n t  in t h e  d a n s y l a t i o n  p r o d u c t s  o f  n o n - f r a c t i o n a t e d  L L U  
a s  w e l l  a s  in t h a t  o f  P2/II. T h i s  d i s a g r e e m e n t  m a y  h e  a s c r i b e d  t o  a r e l a t i v e l y  
h i g h  — 4 4 . 1 %  (w/w) — c o n t e n t  o f  f r e e  a m i n o  a c i d s  in  t h e  n o n - f r a c t i o n a t e d  
d i a l y s a t e  (Uoti la  <d al., J978),  w h i c h  n e e d  n o t  necessar i ly  a p p e a r  in  H P L C  
p e a k s .  

H P L C  a p p r o a c h e s  h a v e  b e e n  d e s c r i b e d  a lso  b y  G o t t l i e b  (1987) f o r  extrac ­
tion a n d  purification o f  cell-mediated i m m u n e  response amplifiers  — m a ­
terials non-specific with respect t o  a n y  ant igen t o  which  t h e  donor, a s  well 
a s  the  recipient were previously exposed  — f r o m  h u m a n  l e u k o c y t e  d i a -
lysates.  T h e  mater ia ls  o f  part icu lar  interest  are a d i p e p t i d e  T y r - G l y ,  a tri-

A b s  

23 

Min 

ľlH. :t. 
Analytical  RI'-HPLC trace of crudo human L L U  

Conditions 
Column: 250 / 4 mm I.I). 

Hoptti'on SOX (JIS, 7 jxm 
Hample: 20 \j.\ of LLU 
Khiant :  A .  0 . 0 5 %  TKA in H a ()  

B .  0 . 0 5 %  TKA in CH n OH 
Gradient: 100% H in (10 mm., lin. 
Flow m i n :  0.5 ml/min. 
Temp.:  Ambient  
Detection: UV a t  230 nm, 0.(14 AUKS 
AbsoÍHHa: t ime (minuteH); ordinate:  abnorbanco al  230 nrn. 
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peptide Tyr-Gly-Gly, a n d  their  derivates.  A l though  th i s  purification process 
was based  on H P L C  u s i n g  a l inear gradient  of ethanol  in w a t e r  a n d  t h e  
parameters of t h e  chromatographic column [octadecylsilane " m u  B o n d a p a k "  
CIS, 3 0 0 x  3.9 m m  I.D. (Waters  Assoc., Milford, Mass.)] w e r e  d i f fe rent  f r o m  
ours, t h e  amino acid composition of t h e  f i r s t  RP-HPLC peak  of P2/II,  i.e. 
Gly, Ser, T y r  ( B o r v á k  et al., 1987) s t rong ly  remembers  these  amplif iers.  

Immune  response amplifiers  described b y  Gottlieb (six des ignated ones) 
elute a t  specified p a r t s  of t h e  ethanol-in w a t e r  gradient  a n d  can b e  identif ied 
either in  t e r m s  of t h e  ethanol concentration of t h e  materials  coming off t h e  
chromatography column, or b y  t h e  u l t rav io le t  absorption profile (UVAP)  
characteristics together  w i t h  t h e  s imultaneously  monitored retention t ime.  
Similarly oriented s t u d y  of P2/II m a y  y ie ld  d a t a  a b o u t  t h e  possible pres-

1213 

60 M i n  0 30 

Ficj. 4 .  
Analytical  RP-HPLC trace of semipurified human L L U  — P2/II 

Conditions 
Column: 250 x 4 m m  I.D. 

Separon SGX 018,  7 [im 
Sample: 20 (il of P2/II 
Eluant:  A .  0 . 0 5 %  T F A  in H 2 0  

B .  0 .05% T F A  in CH 3 OH 
Gradient: 1 0 0 %  B in 60 min., lin. 
Flow r a t e :  0.5 ml/min. 
Temp.: Ambient  
Detection: U V  a t  230 nm, 0.04 A U F S  
Abscissa: t ime (minutes); ordinate:  absorbanc.; a t  230 nm.  
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ence of such amplifiers in  this material and add to explanation of its  marked 
therapeutical effect a s  well a s  throw more l ight upon their anticipated com­
mon s t ruc tura l  and /o r  biological origin a n d  func t ion .  

I t  can be  concluded t h a t  p repara t ive  R P - H P L C  seems t o  be  a s  y e t  t h e  
shortest  promissing w a y  of obta in ing so called sequentor-grade final pro­
ducts  which could contr ibute  t o  be t t e r  unders tanding  of t h e  n a t u r e  of T F .  
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