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Covalent peptide transfer to cell membrane proteins 
(peptidyl transferase) 
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HL60 cells, rabbit peritoneal granulocytes or membrane preparations of these cells incorporate radioactivity when reacted 
with the radioactive peptide tuftsin pH Proa]-Thr-Lys-Pro-Arg. The radioactivity which is not diminished by repeated 
treatments with TCA and NaOH, is covalently bound to a membrane aeceptor protein of 100 kDa. The peptide is not 
displaced by large concentrations of its constituent amino acids. The acceptor protein is resolved into one labeled peak 
by gel filtration on Sephadex G-200, Sephacryl S-300 and by SDS-PAGE. Digestion by trypsin and chymotrypsin results 

in the production of smaller fragments. 

Tuftsin; Oligopeptide; Membrane protein; Covalent bond 

1. I N T R O D U C T I O N  

The  incuba t ion  o f  the  t e t r apep t ide  [3H Pro3] - 
T h r - L y s - P r o - A r g ,  tu f t s in  [1] wi th  washed  H L 6 0  
cells,  r abb i t  pe r i tonea l  g ranu locy tes  or  m e m b r a n e s  
p r e p a r e d  f r o m  these cells results  in b ind ing  o f  
r ad ioac t i v i t y  to  m e m b r a n e  pro te ins .  This  b ind ing  
is o f  two  types .  One  type  which  has been  s tudied  
extensively,  is d issociable  and  exhibi ts  specific 
m e m b r a n e  recep tors  [2-7] .  The  o ther  type  o f  bin-  
d ing  is nondissoc iab le .  I t  is the  la t te r  tha t  is the  
sub jec t  o f  this  c o m m u n i c a t i o n .  

2. M A T E R I A L S  A N D  M E T H O D S  

Bio-Gel, Bio-Rad Laboratories, Rockville Centre, NY; Gen- 
Probe, San Diego, CA; Sephadex and Sephacryl, Pharmacia, 
Piscataway, N J; HL60, a human cell line, ATCC, Rockville, 
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MD; RPMI 1640 culture medium, Sigma Chemical Co., St. 
Louis, MO; FCS, Hyclone Laboratory, Logan, UT; [3H Pro3] - 
Thr-Lys-Pro-Arg, New England Nuclear, Boston, MA; 
nonradioactive tuftsin was synthesized in our laboratory [6]; 
glutamine, penicillin and streptomycin, Irvine Scientific, Santa 
Ana, CA; HL60 cells were grown in RPMI 1640 with 10070 FCS, 
2 mM glutamine, 100 U/~l penicillin and 100/~g/ml strep- 
tomycin in 5070 CO2 at 37°C; HL-60 membranes were prepared 
as before [6]. All manipulations were carried out in the presence 
of protein inhibitors, phenylmethylsulfonyl fluoride (2 mM), 
aprotinin (0.5 trypsin inhibitor unit/mi), pepstatin (2.5/~g/ml), 
antipain (1/~g/ml), leupeptin (20/zM) and 0.02070 sodium azide. 

3. R E S U L T S  A N D  D I S C U S S I O N  

It  a ppe a r s  tha t  the  nond i s soc iab le  r ad ioac t iv i ty  
is due  to cova len t  b o n d  f o r m a t i o n  be tween the 
t e t r a p e p t i d e  or  a p o r t i o n  t he r e o f  and  a single ac- 
c ep to r  m e m b r a n e  p ro te in  tha t  acquires  rad ioac t iv i -  
ty,  du r ing  the  reac t ion .  This  i n c o r p o r a t e d  
r ad ioac t iv i ty  d i sp lays  typica l  fea tures  indica t ive  o f  
a cova len t  b o n d  fo rma t ion .  The  r ad ioac t ive  accep-  
t o r  p ro te in  can  be r epea ted ly  p rec ip i t a t ed  with 
T C A  and  d isso lved  in N a O H  wi thou t  loss o f  
r ad ioac t iv i ty .  

The  i n c o r p o r a t e d  r ad ioac t iv i ty  resists d isplace-  
m e n t  by  a lan ine  or  p ro l ine  s ingly at  a concent ra -  
t ion  o f  a t h o u s a n d f o l d  tha t  o f  the  a d d e d  
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Table 1 

The incorporation of radioactivity from [3H Pro3]-Thr-Lys - 
Pro-Arg into HL60 and rabbit peritoneal granulocyte 

membrane protein or its equivalent of washed cells 

Reaction condition cpm ~cpm fmol a 
incorpor- 

ated 

Heat killed 288 0 0 
0°C 299 0 0 
22°C 836 548 27.4 
37°C 808 520 26.0 
HL60 cells 2 × 107 748 460 23.0 
Alanine added (25/zM) 876 589 29.4 
Proline added (25/zM) 868 580 29.0 
Amino acids T, K, P, R (25/zM) 880 592 29.6 
Thr-Lys-Pro-Arg (25/~M) 388 100 5.0 
Thr-Lys-Pro-Arg (25/zM) 396 108 5.4 

Rabbit membrane granulocyte 768 480 24.0 
Rabbit membrane granulocyte 596 418 20.97 
Rabbit membrane granulocyte 496 208 10.4 

a fmol = 20 cpm 

The transfer of radioactivity from [3H Pro3]-Thr-Lys-Pro-Arg 
to an acceptor membrane protein from HL60 and rabbit 
peritoneal granulocytes. The reaction mixture (1 ml) consisted 
of 1 mg of membrane protein, 1 x l0 s cpm (5 pmol), 
0.25 M:10-3M sucrose/phosphate, pH 7.4, 22°C, reaction 
1 h. This was terminated by 10% cold TCA. The precipitate 
was alternatively dissolved in 0.2 N NaOH followed by TCA 
precipitation. This cycle can be repeated 4 more times without 
loss of radioactivity. Controls were made by incubation at 0°C 
or by incubation with heat denatured membrane preparations. 
Incorporation was not affected by high concentrations of 
alanine or proline. Absence of any effect is shown with 
threonine, lysine, proline and arginine added together also in 
high concentration. In contrast, the incorporation is shown to 
be considerably reduced by adding the intact nonradioactive 
tetrapeptide. HL60 cultures were regularly tested for 
mycoplasma using [3H]DNA homologous to mycoplasma and 
acholeplasma ribosomal RNA supplied by 'Gen-probe'. All 
rabbit granulocyte membranes used were kept frozen for 6 or 

more months 

rad ioac t ive  pept ide,  and by the combined  consti-  
tuent  amino  acids, threonine ,  lysine, prol ine  and 

arginine  at the same high concent ra t ion .  In con- 
t r a s t ,  the radioact ive  incorpora t ion  is great ly in- 
hibi ted by the intact  nonrad ioac t ive  te t rapept ide  
(table 1). Fu r the rmore ,  e lectrophoresis  on SDS- 

P A G E  and gel f i l t ra t ion on Sephacryl  S-300 or  

Sephadex  G-200 yielded only one  radioact ive  com- 
ponen t  o f  about  100 kDa  (f ig . l ) .  P r o o f  that  the 
rad ioac t ive  c o m p o n e n t  is indeed a prote in  is shown 
by the fact  that  digest ion with trypsin or  

200 

100 

,'0 s'0 

ml 

Fig. 1. Approx. 20 mg of HL60 membrane protein were reacted 
with [3H Pro3]-Thr-Lys-Pro-Arg, 1 × 106 cpm (50 pmol), in 
5 ml of 0.25 M:5 x 10 -3 M sucrose/phosphate, pH 7.4, at 
22°C for 1 h. The reaction was stopped by the addition of ice- 
cold 10°70 TCA, left on ice for 15 min and processed as in table 
1. The pH was adjusted to 8.8, with a final volume of 2 ml. It 
was reduced with 50mM DTT, alkylated with 5 mM 
iodoacetamide, each for 1 h at 37°C. Tris was added to 0.1 M, 
pH 8.8, and sample boiled in 1% SDS. The column, Sephacryl 
S-300, 22 × 1.5 cm, was equilibrated in 0.1 M Tris, pH 8.8, and 
1% SDS, loaded with approx. 1500 cpm of the solubilized 
sample. Filtration rate was 15 ml/h, 0.7 ml fractions were 
counted. Column was calibrated with (kDa) 667 thyroglobulin, 
158 y-globulin, 43 ovalbumin, 17 myoglobin and 1.3 
cyanocobalamin. The mobility of the radioactive peak 

corresponded to approx. 100 kDa. 

chymot ryps in  yielded smaller  radioact ive  frag- 

ments  (figs 2 and 3). 

In view o f  the results shown in table 1 and the 

molecu la r  mass o f  the radioact iv i ty  shown in figs 
1 - 3 ,  we may  conclude  that  the te t rapept ide  [3H 

Pro3] -Thr -Lys-Pro-Arg ,  under  the condi t ions  

employed ,  is incorpora ted  whole  or  in part  
t h rough  a covalent  l inkage to an acceptor  pro te in  

o f  abou t  100 kDa.  The  mechan ism o f  the covalent  
inser t ion remains to be de termined.  The  react ion 
requi red  no added energy source such as A T P .  

Howeve r ,  the react ion may  well Proceed,  with little 
change in AF, th rough  a pept ide bond  exchange 

be tween  the te t rapept ide  and the acceptor  prote in  

s imilar  to that  ob ta ined  in mure in  synthesis [8]. 
Pept ide  bond  exchange may  take place at the 

amino -  or  carboxy- te rmina l  o f  the o l igopept ide  or  

the m e m b r a n e  protein .  In this case, it would  re- 
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Fig.2. Membranes (20 mg) were prepared from HL60 cells, 
reacted with [3H]tuftsin in 5 ml of sucrose phosphate buffer, 
pH 7.4, and treated with TCA, NaOH, reduced and alkylated, 
all as in fig.1, pH adjusted to 8.5 in 0.1 M ammonium 
carbonate and treated with 1.0 mg of trypsin in 1 mM CaC12 
for 2 h at 37°C and then boiled in 1°7o SDS. Approx. 2000 cpm 
were loaded on a Sephacryl column S-300, 25 x 1.5 cm 
equilibrated in 1% SDS and 0.1 M ammonium carbonate. 
1.0 ml of effluent was counted. Molecular mass standards as in 
rigA. Peak 1 and peak 2 represent 100 and 18 kDa, respectively. 
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Fig.3. Membranes (20 mg) were prepared from HL60 cells, 
reacted with [3H]tuftsin and treated with TCA, NaOH, reduced 
and alkylated as in fig.l, pH adjusted to 8.5 in 0.1 M 
ammonium carbonate and treated with 1.0 mg of chymotrypsin 
for 24 h at 37°C and then boiled in 1% SDS. Approx. 2000 cpm 
were loaded on a Bio-Gel A 1.5 m column, 55 x 1.5 cm, 
equilibrated in 1% SDS and 0.1 M ammonium carbonate. 
1.0 ml of effluent was counted. Molecular mass standards as in 
fig.1. Peak 1 and peak 2 represent 18 kDa and less than 1 kDa, 

respectively. 

quire  the e l imina t ion  of  one or more  residues f rom 
the par t icular  te rminal ,  and  s imul taneous ly  
shor ten ing  or lengthening one chain or the other as 
the case may be. However,  if the exchange react ion 
takes place within the body  of  the prote in  chain 
then  that  par t icular  chain  would break at the point  
o f  exchange signall ing a novel pa thway for 
f ragment ing  prote in  by small peptides th rough this 

react ion.  
It  is assumed here that  the react ion we are study- 

ing is catalyzed by a specific enzyme,  as the reac- 
t ion  is highly inf luenced by the pH and  the buffer  
used. No activity can be elicited at 0°C  but  the pro- 
cess is active at room tempera ture  and  at 37°C. 
O p t i m u m  activity is ob ta ined  at abou t  pH 8.5 in 
0.1 M Hepes buffer .  No metal  requi rement  could 
be elicited. To our knowledge this react ion has not  
been  described in m a m m a l i a n  tissue. 

It mus t  be stated at the outset  that  the react ion 
described herein does no t  necessarily imply  any 
specificity for the tetrapeptide tuf ts in.  Indeed it is 
likely to be a general  p h e n o m e n o n  that  would 
def ine yet another  pos t t rans la t ional  modi f ica t ion  
of  a prote in  for possible modu la t i on  of  its 

biological  activity. This would  be similar to 
phosphory la t ion ,  adenyla t ion  and  methyla t ion .  
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