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Summary:  The phagocytos i s  s t imula t ing  pept ide p r e s e n t  in 7-g lobnl in  has been i so la ted  
and i ts  amino ac id  sequence shown to be L - t h r e o n y l - L - l y s y l - L - p r o l y l - L - a r g i n i n e .  It 
was synthes ized  by the sol id  phase  technic.  

INTRODUCTION 

In prev ious  communica t ions  i t  was shown that  only one p a r t i c u l a r  f rac t ion  of 

f r e sh ly  p r e p a r e d  human y-g lobul in  obtained on phosphocel lu lose  (PC) chromatography ,  

PC IV, contains a spec i f ic  cytophi l ic  y-globul in ,  leucokinin,  This  binds spec i f i ca l ly  

and r e v e r s i b l y  to the autologous po lymorphonuc lea r  leucocyte  (PMN)and s t imula te s  

i ts  phagocyt ic  ac t iv i ty  2 -2 .5  fold. 1-3 

A study of the  mechan i sm of ac t ion of leucokinin  showed that  a h igh ly  ac t ive  

s m a l l  f r agment  was r e s p o n s i b l e  for  the full effect  of the whole molecule .  It was 

expected,  e a r l y  in th is  study, that  the m e r e  binding of leucokinin  to the r e c e p t o r  s i t e s  

on the PMN c e l l m e m b r a n e  was a l l  that  was r e q u i r e d  for  the e x p r e s s i o n  of a high leve l  

of phagocyt ic  act ivi ty .  This leve l  would be main ta ined  while leucokinin was bound to 

the  cel l .  This was not the case .  The high s t imu la to ry  effect  was not mainta ined and 
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the rate  ofphagocytosis fell  off in t ime to control  levels  despite the continuous p resence  

of leucokinin. Fur the r  addition of leueokinin effected an immedia te  s t imula t ion  which 

eventually subsided. Thus leueokinin seems to be inactivated dur ing  the process .  A 

eoro la ry  exper iment  was performed in which leueokinin was incubated with fresh,  

thoroughly washed, intact PMN cells for 30 minutes  at 37 ° . The re i so la ted  leucokinin 

p repara t ion  showed complete loss of biological  activity. It failed to s t imula te  

phagocytosis in a f resh  prepara t ion  of PMN cells .  However, there  was no measu rab le  

a l te ra t ion  in its molecular  weight, immunoehemica l  and solubil i ty p roper t i es .  One 

reasonable  in te rpre ta t ion  of this phenomenon is  that the in te rac t ion  of leucokinin with 

an enzyme on the outer surface of the cell m e m b r a n e  resu l ted  in the cleavage of a 

smal l  active f ragment  which the cell ut i l ized to enhance its biological  activity.  On this  

bas is ,  cell membrane  prepara t ions  were made f rom glass purif ied PMN neutrophils .  4 

Such prepara t ions  indeed showed a highly act ive leucokininase.  The enzyme cleaves a 

peptide that is extractable  in 80% ethanol. This peptide, tuftsin,  proved to be solely 

respons ib le  for  the full activity of the leucokinin molecule  yielding the same level  of 

activity obtained with the parent  molecule.  

MATERIALS AND METHODS 

The ma te r i a l s  used were: chloromethyl r e s i n  (SBR), s i l ica  gel-G (Anal-Tech), 

pal ladium on ba r ium sulfate 5% (Engelhard), N~- te r t i a ry  butyloxycarbonyl  (BOC)-L- 

amino acids {Fox Chemical),  amino acid ana lyzer  (Beckman-Spinco 121). 

A typical  biological  assay is detailed in the legend to Table I. Essent ia l ly ,  tuf ts in  

is l iberated f rom PC IV leueokinin e i ther  by incubat ion with leucokininase or  t ryps in  at 

the appropria te  pH at 37 ° for 1 hour. The l ibera ted  tuf ts in  is then extracted in ethanol 

and dried.  It is then taken up in Krebs -R inge r  buffer and assayed for  its abi l i ty  to 

s t imula te  phagocytosis of Staphylococcus aureus  by e i ther  PMN cel ls  f rom human or  

dog buffy coat p repara t ions ,  PMN cells  f rom guinea pig per i toneal  exudates, as well 

as maerophages  f rom mouse per i toneal  and rabbi t  lung washings.  
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RESULTS AND DISCUSSION 

Leucokininase r e l ea se s  tuf ts in only f rom PC IV aftBr which the peptide becomes 

readi ly  dialyzable.  The enzyme activity va r ies  di rect ly  with i ts  concentrat ion and has 

a pH optimum at 6.7. It is insoluble,  heat labile,  and de te r io ra tes  on f reeze- thawing 

and prolonged storage.  Most prepara t ions  are contaminated by tufts in dest roying 

enzymes,  consequently, the yield of the peptide is always low. However, it was 

possible  to define some of the proper t ies  of this peptide. It is retained on Sephadex 

G-10, and is r e s i s t an t  to t ryps in ,  chymotrypsin,  carboxypeptidase A, c los t r ipain ,  

phosphatase,  DNAse and RNAse. It is destroyed by carboxypeptidase B (CP-B), 

leucine aminopeptidase (LAP) and pronase .  Tryps in  also re l eases  all the tuf ts in 

presen t  in the parent  PC IV fraction.  Fur the r  t r ea tment  with leucokininase fai ls  to 

r e l ease  any more  tuf ts in  activity. The peptide re leased  by t ryps in  has all  the 

physicochemical  and biological  charac te r i s t i c s  of that re leased  by leucokininase 

(Table I). These include behavior  in severa l  chromatographic sys tems,  susceptibi l i ty 

to var ious enzymes and biological  activity in var ious  PC fract ions in normal  and disease 

states.  5,6 Thus the identity of the two products biological ly and physicochemical ly 

was s t rongly indicated. Consequently, the isolat ion of the t rypt ic  peptide was undertaken.  

Pur i f icat ion and Sequence: PC IV, 50 rag, were incubated with 2.5 mg of 3 x crys ta l l ized  

t ryps in  in 1 2 m l  of 0 . 1 M  T r i s - H C l b u f f e r  pH 8.1 for l h o u r  at 37 °. TCAwas  then 

added to 6% concentrat ion.  The supernatant  was freed of TCA by ether  extract ion and 

the aqueous phase lyophilized. It was chromatographed on SephadexG-10, 1.8 x 116 em 

in 0.1 M acetic  acid. The only active fract ion,  114-160 ml,  was separated on Aminex 

AG50 W-X4, 0.6 × 56 cm, 60 ° , l i nea rpy r id ine  acetate gradient,  s tar t ing  buffer 100 ml,  

pyridine 1.2 M pH 4 and l imi t ingbuf fe r  100 ml,  pyridine 2.5 M pH 6. The activity was 

located only in one smal l  n inbydr in  posit ive peak, at 142 ml  and 2.2 molar  pyridine.  

Analys i s  yielded a rat io of Lys 1.0, Arg 1.05, Thr 0.84, Pro  1.05. 
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Table I 

BIOLOGICAL AND PHYSICOCHEMICAL CHARACTERISTICS OF 
THE PHAGOCYTOSIS STIMULATING PEPTIDE 

C h a r a c t e r i z a t i o n  

1. Aminex AG-50, elution molar i ty  and volume 
2. Silica gel-G, Rf of the dansylated peptide 

(a) Chloroform:methanol :acet ic  acid 
(b) n-butanol :ace t ic  acid:water  
(c) Methylacetate : isopropanoh ammonia  

3. Susceptibil i ty to degradative enzymes 
(a) Tryps in  
(b) Chymotrypsin 
(e) Carboxypeptidase A 
(d) Clostr ipain  
(e) Phosphatase 
(f) Ribonuclease 
(g) Deoxyribonuclease 
(h) Leucine aminopeptidase 
(i) Carboxypeptidase B 
(j) Pronase  

4. Biological activity 
(a) PC IV f rom normal  subjects  

R e l e a s i n g  E n z y m e  

Tryps in  

2.2 M, 1 4 2 m l  

0.23 
0.11 
0.44 

r e s i s t an t  
TT 

l I  

II  

II  

destroyed 
II 

IT 

½ maximal  assay  activity derived f rom 
(b) PC I, PC If, PC Ill 
(c) PC IV from spleneetomized subjects 
(d) PC IV from patients with tuftsin deficiency 

30 #g 
inact ive 

T? 

Leucokininase 

2.2 M, 1 4 3 m l  

O. 22 
O. Ii 

O. 45 

r e s i s t an t  
?T 

TT 

T? 

IV 

II 

II  

destroyed 
II  

TI 

30 #g 
inactive 

TV 

Legend to Table I: Biological activity B ' 6 is rout inely  measu red  by the s t imula t ion  of 
the phagocytic activity of thoroughly washed blood PMN leucocytes in Krebs -R inge r  
medium pH 7. 4, using opsonized Staphylococcus aureus  as the ta rge t  par t ic le .  

Tufts in is l iberated from PC IVby digest ion for 1 hr  at 37 ° with 4 #g of leucokinin 
or  50 pg of t ryps in  per  mg of PC IV p e r m l i n 0 . 1  M phosphate buffer p H 6 . 7  or 8.1 
respect ively.  Controls with enzymes  alone are run  concurrent ly .  Four  volumes of 
ethanol are  added and the supernatant  evaporated to dryness .  The prec ip i ta te  is taken 
up in 0 .25 -1 .0  ml  of Krebs -Ringe r  medium as required.  

The phagocytosis react ion mixture  is prepared  by the rapid addition of the following: 
(a) 100 #1 of PMN leucocytes washed in Krebs -Ringe r  medium,  containing 2 x 108 PMN 
and 0.3 mg of bovine se rum albumin.  0a) 100 #1 of ethanol ext ract  of t ryps in  or 
leueokininase digest.  (e) 100 pl of an 18 hr cul ture of Staph. aureus  containing 4 x 10 ~ 
bac te r ia  to s tar t  the react ion.  The mixture ,  in s i l iconized 1 ml  glass  stoppered tubes 
and controls  containing enzyme digests  lacking PC IV, are  incubated at 37 ° for 30 rain 
in a ver t ica l  rotor  and tumbled at 8 cycles per  minute.  Smears  a re  then stained and 
cel ls  containing bac te r ia l  pa r t i c les  a re  recorded per  100 PMN. Usually 200-400 PMN 
leucocytes are  counted. All samples  are  run in duplicates.  
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The dansyl-pept ide  v with anRf  0.11 on s i l ica  gel-G in n-butanol:acet ic  acid:water ,  

50:1:50. was hydrolyzed and ehromatographed in cMoroform:  me thano l : ace t i c  acid, 

1 5 : 4 : 1 .  Two f luorescent  res idues  were identified, NC~dansyl-Thr, Rf 0.61 and 

Nedansyl-Lys,  Rf 0.15. Incubation of 30 n moles  with 30 pg of LAP for 4 hours in 

barbi ta l  buffer pH 8.5 at 40 ° l ibera ted  32% of the threonine and 13% of the lysine.  An 

aliquot of the LAP digest  was dansylated and ehromatographed without hydrolysis  on TLC 

in n-butanol :ace t ic  acid:water.  Two f luorescent  res idues  were obtained corresponding 

to the  dansyl  m a r k e r s ,  N~dansyl-Thr,  lZf 0.47 and N ~, Ne-d idansyl -Lys ,  Rf 0.57. The 

sequence thus far  is Th r -Lys  (Pro Arg). 

Trea tment  of the peptide with CP-B in phosphate buffer pH 7.4 yielded arginine  

which was identified in the amino acid analyzer .  On thin layer  cel lulose (Avicel) in 

phenol:water,  3:1, it yielded a Sakaguchi positive spot Rf 0.36. The ea rboxy- te rmina l  

arginine  was fur ther  confirmed by t r i t i um labeling. Here 8 n moles were dissolved in 

pyridine 0.2 ml,  acetic anhydride 50#1 and 3H20 50 pl according to Matsuo. 8 Arginine 

alone incorporated t r i t ium,  153 cpln, whereas Thr,  Lys, Pro and controls yielded 

9-13 cpm. The sequence thus far  is Th r -Lys  (Pro) Arg. 

Prol ine as the penul t imate ca rboxy- te rmina l  was identified also by t r i t i um 

label ing after cleaving arginine with CP-B using Matsuo 's  modification. 8 It was c lear  

that CP-B removal  of arginine had exposed prol ine as the ca rboxy- te rmina l  of the 

resu l t ing  tr ipeptide.  Prol ine  incorporated 170, Thr 29, Arg 44 and Lys 39 cpm per  

n mole. The full sequence is therefore  establ ished as T h r - L y s - P r o - A r g .  

Synthesis of the Tetrapeptide: The Merr i f ie ld  solid phase technic was used for the 

synthesis .  9 N~-~-butyloxycarbonyl (BOC) N a - n i t r o - L - a r g i n i n e  was es ter i f ied to the 

chloromethyl eopolystyrene-2% divinylbenzene r e s i n  containing 2.3 rn moles of chloride 

per  gram. One gram of r e s i n  es ter i f ied  0.32 rn mole of BOC n i t ro -a rg in ine .  The amino 

protect ing group was cleaved by t r i f luoroacet ic  acid 50% in methylene chloride. After 
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Legend to F igure  1 

F r e s h  hepar inized dogblood was washed three  t imes  withfour  volumes of Hank's 
solution. 0. 1 ml  of packed cel ls  was mixed with 0. 1 ml  of Hank's solution containing 
tuftsin. The mixture  was drawn into mic rohematoe r i t  tubes,  sealed,  centrifuged,  
and incubated openside up at 37 ° . After two hours the migra t ion  in  tuf ts in  tubes was 
demons t rab ly  grea te r  than in  the control  tubes with upward swarming  of PMN cells .  
This p ic ture  was taken af ter  eighteen hours '  incubation. The f i r s t  three  tubes on the 
left are  control  tubes, the next three  and the las t  three  tubes to the r ight  contain 
25 and 5 ~ moles  per  ml  of tuf ts in  respect ively .  Note that the PMN cell  front ,  in tubes 
containing 25 n moles  per  ml,  swarmed a dis tance of 3. 3 ram. The tubes containing 
5 n moles  per  ml  showed no swarming but a cons iderable  number  of cel ls ,  not v is ib le  
in the f igure,  moved 1.2 ram. PMN cel ls  in  control  tubes leveled off ear ly  at 0 .3 mm 
in three hours.  
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washing the r e s i n  andneu t r a l i za t ion  with t r i e thy lamine ,  N ~ - B O C - L - p r o l i n e  0 .9  rn mole  

was added to the r e s i n  and the  ~ amino group of n i t r o - a r g i n i n e  coupled to the carboxyl  

group of p ro l ine  by d icyc lohexy lca rbod i imide  0.9 rn mole  in methylene  chlor ide .  The 

p rocedu re  was r epea t ed  for  each of the incomingtwo other  r e s i d u e s  N~-BOC-N¢-carbo  

b e n z o x y - L - l y s i n e  and N~-BOC-O-benzy l -L - th r e on ine  r e spec t ive ly .  F ina l ly ,  the 

pept ide  was r e l e a s e d  f rom the r e s i n  by hydrogen b romide  in t r i f l u o r o a c e t i e  acid and 

exposed to ca ta ly t i c  hydrogenat ion at 40 PSI with pa l l ad ium on b a r i u m  sulfate as  ca ta lys t .  

The t e t r apep t ide  was then pur i f i ed  on Aminex as  before .  The effluent peak  coincided 

exac t ly  with that  of na tu ra l  tuf ts in  with an effluent volume of 145 m l  at  2 .2  M pyr id ine  

y ie ld ing  an amino acid  r a t i o o f L y s  1.0,  A r g 0 . 9 4 ,  Thr 1.1,  P r o 0 . 9 9 .  It a lso  gave 

ident ica l  Rf va lues  before  and a f te r  dansyla t ion  in the  va r ious  s y s t e m s  desc r ibed  above. 

High vol tage e l e c t r o p h o r e s i s ,  40 vol ts  pe r  cm at 5 ° , gave ident ica l  mobi l i t i e s .  Both 

synthet ic  and na tura l  pep t ides  at pH 8.9 in 0 .1  M ammonium carbonate  for  t h i r t y  

minutes ,  r e m a i n e d  at the or ig in ,  at pH 8.4  for  ninety minutes ,  m i g r a t e d  8 .5  cm and 

at  pH 1.9 in 0.75 M fo rmic  ac id  for  s ixty minutes ,  m i g r a t e d  24 em to the cathode. 

Both pept ides  we re  equal ly  suscep t ib le  to LAP, CP-B  and p ronase .  The i r  spec i f ic  

b io logica l  ac t iv i ty  was ident ica l ,  r each ing  ma x imum at 0.1 #g p e r  ml  of the mix ture .  

In addi t ion to  the s t imula t ion  of p a r t i c l e  ingest ion,  b a c t e r i a  and la tex ,  the pept ide 

a lso  s t imula te s  p inocytos i s  of x31I-albumin.  The ce l l s  su rv ive  much longer  in the  

p r e s e n c e  of 5-25 ~ mo les  of the peptide.  Moti l i ty  s tudies  in c a p i l l a r y  tubes 1° showed 

that  in the p r e s e n c e  of s m a l l  concentra t ions  of the pept ide PMN m i g r a t i o n w a s  s t imula ted  

for  a prolonged pe r iod  of t ime .  This is  shown in F igu re  1. The only synthet ic  analog 

t es ted ,  T h r - L y s - P r o - P r o - A r g ,  fa i led  to exhibit  any s t imula t ion  of PMN moti l i ty .  
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