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ABSTRACT 

The o b j e c t i v e  of  t h i s  s t u d y  was t o  d e t e r m i n e  i f  i n - g e l  
chloramine-T r a d i o i o d i n a t l o n  a d e q u a t e l y  l a b e l s  @ti p r o t e l n s  t o  
a l l o w  f o r  a c c u r a t e  and p r e c i s e  ~ ; t r u c t y t ; a I  comparison of  t h e s e  
molecu le s .  T)$Sefore,  j n t r i n s i c a l l y  C-amino a c i d  l a b e l e d  
p r o t e l n s  and 
t i d i c  r e a g e n t s  end t h e  p e p t i d e  f r a g m e n t s  s e p a r a t e d  by HPLC. A 
comparison of  r e t e n t i o n  times of  t h e  f r a g m e n t s ,  a s  deterp l3yd  by 
d i f f e r e n t i a l  r a c ' i a t i o n  c o u n t i n g ,  t h u s  j n d i c a t e d  whe the r  1 4 1 -  
l a b e l i n g  f d e n t i f i e d  of a l l  t h e  p e p t i d e  p e a k s  s e e n  i n  t h e  C- 
l a b e l e d  p r o t e i n s .  R e s u l t s  demons t r a t ed  t h a t  r a d i o i o d i n a t i o n  
y i e l d s  comple t e  and a c c u r a t e  i n f o r m a t i o n  a h o u t  t h e  p r i m a r y  
s t r u c t u r e  of o u t e r  membrane p r o t e i n s .  I n  a d d i t i o n ,  i t  p e r m i t s  t h e  
u s e  of e x t r e m e l y  small  amounts of  p r o t e i n  a l l o w i n g  f o r  method 
o p t i m i z a t i o n  and m u l t i p l e  s e p a r a t i o n s  t o  i n s u r e  r e p r o d u c i h f l i t y .  

I - l a b e l e d  p r o t e j n s  were c l e a v e d  w i t h  two rndopep- 
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1110 

I NTRODUCT IOE i  

JUDD AND CALDWELL 

In a previous study ( 2 )  we used the procedure of 1251-labeled 
peptide mapping to investigate the primary structural relation- 

ships of the major outer membrane proteins (MOHPs) of five strains 
of Chlamydia trachomatis and one strain of 2. psittaci. 
results indicated there was a remarkable amount of homology among 

the MOHPs both withln 5. trachoniatis strains and between the 
spec-ies. 

The 

These unexpected results suggested to some that the in-gel 

chloramine-T iodinntion procedure may be,a poor way to lahe1 such 
proteins. If only a few select amino acids bind T, map). 

peptides may be unlabeled and therefore "lnvisible" in the two- 

dimensional peptide mapping system employed. 
this auestlori by comparing peptides generated by two different 
reagents to cleave to MOMP of 5. trachomatis strain L2/434. 
MOMP was either intrinsically radiolabeled using a mixture of 

14C-amino acids or T-labeled u s i n g  the chloramine-T in- el 
procedure. Because of its great resolving power, high-perforniance 

liquid chromatography (HPLC) was used to separate the peptides (5) 

and gamma and liquid scintlllation detectors used to identify 

radiolabeled peaks. Resril ts demonstrated that i25T-radiolaheling 

is an excellent methnd for labeling proteins, yielding a complete 
picture of the protein's primary structure. 

125 

This study addresses 

The 

1 2 Ir 

MATERIALS AND METDODS -- - 

%an- 

Chlamydia trachomatk strain L2/434(L2) were grown and 

elementary bodies (EBs) purified as described previously ( 2 ) .  

Gel Electrophoresis 

by Caldwell and Judd ( 2 )  was used to separate the MOMP of 14C- 
labeled and unlabeled EBs of  the L2 strain, Briefly, EBs were 
solubilized in a 2% SDS solubilizing solution containing EDTA and 

The gel electrophoresis procedure of Laemmli (6 )  a s  modified 
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PEF’TIDES OF OUTER MEMBRANE PROTEIN 1111 

2-mercaptocthanol. This lysate was then separated in a 12.59: 

acrylamlde (30:O.a acrylamide: bis-acrylamide) gel with a 5% 

acrylamide stacking gel. The sample was subjected to electrophor- 

esis at 25 nA constant current for 3-3.5 h. 
The gels were then stained using 0.257 Coomassie Erilliant Elue, 
50% methanol, and 10% acetic acid. The MOMP bands were then 

excised, radioiodjnated (unlabeled MOMP) or sham iodinated ( C- 

MOMP), and subjerted to enpyme cleavage. 

Intrinsic Radiolabeling 

uniformly 14C-laheled amino acids (ICN, Irvine, CA) as descrihrd 
in great detail elsewhere (2). 

ensured that each pcptide of MONP would have the “ C  label. 

Iodination 

1 4  

The I 2  strain was intrinsically radiolabeled using SO uCi of 

The iise of 17 “Gamin0 acids 

Unlabeled MOMP of the 1,2 strain was excised from a sodium 

dodecyl sulfate-polyncrylamlde (SDS-PAGE! p;el of a whole EB 

lysate. The M O W  band was then radioiodinated with I (as NaI, 
50 p C i / p l ,  ICN) using the in-gel rhloramine-T (Sigma, St. Louis, 

NC) procedure of Elder (3) end Swanson (8). Intrinsically I 4 C -  

labeled MOMP bands were sharr iodinatea using the save procedure 

rrcept that 30 bb’ cold NaI was substituted f o r  Na1251. 

Enzyme Cleavage 

125 

Two enzymes were used to cleave the L7 MONP bands: a-chymo- 

trypsin (a-chyrro), whicli has a broad specificity (1) and Staphylo- 

coccus aureus strain V8 protease (V8 protease), which cleaves at 

the carboxyl side of glutamate under the conditions used ( 4 ) .  

a-Chymotrypsin Cleavage 

____- 

The dehydrated radiolabeled MOMP bands were rehydrated in 250 

Twenty-five microliters of a-chymo- p1 of 0.05 M NH4HC03, pH 8 . 5 .  

trypsin (Calbiochem-Behring, LaJolla, CA), 1 mg/ml in 0.01 NHC1, 
was then added. 

The supernatant, which contained peptides liberated from the gel, 

was aspirated, dried in a Savant Speed-Vac (Savant, Hicksville. 

NY) and the peptide residue washed eight tjmes with 250 p1 of 

distilled water. 

Digestion was allowed t o  procede for 4 h at 37°C. 

5 The washed peptides were rehydrated to 2 x 10 
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1112 JUDD AND CALDWELL 

4 14 cpm/200 ul ( cpm/200 ~1 (1251) o r  1 x 10 

containing phenylalanine ( 1  mg/ml), tryptophane ( 1  mg/ml) and 
tyrosice (0.4 mg/ml) as markers. 
V8 Protease Digestion 

C) in distilled water 

-- - 
The dehydrated radiolabeled MONP bands were rehydratcnd in 250 

p1 of 0.05 M NH4HC03, pH 7.8. 

Protease (Miles Laboratories, Elkhart, TN), 1 mg/ni l  in distilled 

water, was added. After h digestion at 37'C, the peptidr 
containing supernatant was aspirated and prepzrcd in the s m r  

manner as  the a-chymo peptides. 
HPLC Separation of Peptides 

All MPLC separations were performed m a Waters System (Watcrs 
Associates, Milford, MA) equipped with dual ll6OOA pumps. A Waters 

p Eondapak C18 reverse phase column (3.9 mm 1D x 30 cm) was used 
to separate peptidee. 

Twenty-five microliters of V8 

Trio hundred microliters of each MOMP peptide preparation was 

injected by the WISP 710 injector at time 0. The dual pump 

system, pump A delivering filtered, dibtilled water - 0.05X-TFA - 
and pump R delivering aretonitrile - 0.05%-TFA (AcM-TFA) (reagent 

grade, Sigma), then delivered the gradients used to separate the 
peptides. The a-chymo peptldes were separated using a 1 ml/min 
solvent flow of a 0 to 10% ACN-TFA linear gradient (Oh program) In 
the first 10 min. From 10-55 min a 10-100% ACN-TFA gradient (09 

program) wiis generated followed by a 5 min 1002 ACN-TFA wash. The 
V8 protease peptides were separated on an 0-10% ACK-TFA linear 
grsdient in 8 rnin fnllowed by an 8% to lGOZ ACM-TFA gradient (09 
program) in 35 rnin with a 9 min 1004 ACN-TFA wa~b. Due to limited 

amounts of V8 14C-labeled peptides, improved gradiepts were not 
generated using 14C-labeled MOMP petides. 
peptides generated by P8 protease were plentiful (one of the 

reasons that radioiodination is such a useful method of protein 
labeling). Therefore, an improved gradient separation was devel- 
oped using the 1251-labeled peptides. The bulk of V8 protease 
peptides, which elute late in the ACN-TFA gradient, were first 
separated on a 0-25% ACN-TFA linear gradient over the first 2 rnin 

However, li51-labeled 
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PEPTIDES OF OUTER MEMBRANE PROTEIN 1113 

fo l lowed  by a ?5%-100 ACN-TFA g r a d i e n t  u s i n g  t h e  09 g r a d i e n t  

p r r i f i l e  o v e r  t h e  n e x t  18 min w i t h  a 4 min 100% ACN-TFA wash. The 

p e p t i d e s  e l u t i n g  between 10 min and 24 min were p o o l e d ,  d r i e d  i n  a 

Speed-Vac, and r e h y d r a t e d  i n  802 H20-TFA; 20% ACN-TFA. 

p e p t i d e s  were t h e n  r e s e p a r a t e d  u s i n g  80% H.0-TFA; ?07 ACN-TFA f o r  

42 min fo l lowed  by a 100% ACN-TFA wash f o r  6 min. I n  a l l  s e p a r a -  

t i o n s ,  an  LKE 7000 Ul t ro rac .  (LKB I n s t r u m e n t s ,  Sweden) w a s  s t a r t e d  

a t  i n j e c t i o n .  Two t e n t h  minu te  f r a c t i o n s  were c o l l e c t e d  d u r i n g  

t h e  e n t i r e  s e p a r a t i o n .  These were t h e n  coun ted  i n  F Feckman 

Biogamma Coun te r  (Beckman Tns t rumen t s ,  P a l o  A l t o ,  CA) t o  d e t e c t  

1251 e m i s s i o n  or i n  a Beckman LS 8000 S c i n t i l l a t i o n  C o u n t e r  a f t e r  

t h e  a d d i t i o n  cf 1.5 m l  of Reckman Aquesol S c i n t i l l . a t j o n  C o c k t a i l .  

Counts  p e r  minu te  were t h e n  p l o t t e d  2 r e t e n t i o n  tlme (RT) a s  

d e r i v e d  from t h e  f r a c t i o n  number. The e l u t i o n  o f  amino a c i d  

s t a n d a r d s  wes mon i to red  at  254 nm. h'o p e p t i d e s  cou ld  b e  d e t e c t e d  

i n  a n  sample by UV a h s o r p t i o n .  

These  

L 

RESUZ.TS - - 
F i g u r e  1 shows an SDS-PAGE s e p a r a t i o n  o f  whole EBs o f  5 

s t r a i n s  of  C. t r a c h o m a t i s  and one  s t r a i n  of  C.  p s l t t a c i  (MN) .  The 

MOMPs a r e  r e a d i l y  i d e n t i f i e d  b e c a u s e  t h e y  b i n d  t h e  g r e a t e s t  amount 

of Coomassie B r i l l i a n t  Blue.  U n l a b e l i d  and C-leheled L2  MOtIP 

bands were c l e a v e d  w i t h  a-chymotrypsin o r  V 8  p r o t e a s e ,  n v d  t h e  

p e p t i d e s  F e p a r a t e d  by HPLC. F i g u r e  2 shows a compos i t e  chromato- 

gram o f  IlPLC s e p a r a t i o n  of  

g e n e r a t e d  by a-chymo c l e a v a g e .  

p e e k s ,  a l l  h u t  5 are c l e a r l y  r e p r e s e n t e d  by 1251 peaks  f n d i c a t j n g  

t h a t  1 2 5 i o d i n a t i o n  i s  a n  e x c e l l e n t  method of l a b e l i n g  p r o t e i n s  f n r  

t h c s c  a n a l y s c s .  F i g u r e  3 shows a c o m p c s j t e  chromatogram of tiP1.C 
125 s e p a r a t i o n  of 14C-labeled and I - l a b e l e d  p e p t i d e s  g e n e r a t e d  hy 

V8 p r o t e a s e  c l e a v a g e .  T h i s  enzyme j s  c o n s i d e r a b l y  more s p e c i f i c  

t h a n  a-chymo a s  s e e n  by t h e  g r e a t l y  d i m i n i s h e d  number of p e p t i d e  

peaks  s e e n  i n  t h o s e  chromatograms. C1earl .y.  e a c h  p e p t i d e  v i s u a l -  

i z e d  by 14C-,eniss ion I s  r e p r e s e n t e d  by a 1251-emi t t i ng  peak ,  

a g a i n ,  d e m o n s t r a t i n g  t h a t  1251- l ahe l ing  y i e l d s  a n  a c c u r a t e  p i c t u r e  

of  t h e s e  p r o t e - i n s '  p r imary  s t r u c t u r e .  

1 4 

:4 C-labeled and 1251-laheled p e p t i d e s  

Out of t h e  58 o b s e r v a b l e  14C 
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1114 JUDD AND CALDWELL 

MOMPs-C 

(C B 6) 
G L2 D I H M n  
38K 39.5K 40.5K 42U 44.5K 40K 

-94K- 

-68K- 

-43K- 

-30K- 

-14.4K- 

Figure 1 .  A Coomassie Brilliant Blue (CBB) stained SDS-PAGE 
gel (15%) of whole EB lysates of 5. trachomatis strains G/UW-57, 
L2/434, D/UW-3, I/UW-l2, H/LrW-4, and a 2. psittaci meningopneu- 
monitis (MN) Cal-10 strain. These organisms were used in a 
previous study to investigate the structural relations of their 
major outer membrane proteins (MOMPs, designated by asterisks). 
The f.2 strain was used in this study. The MOMP band of unlabeled 
and C-labeled EBs was excised from the gel and cleaved with 
endopeptidases. Molecular weight markers (Bio Rad, Richmond, CA) 
were phosphorylase B-94,000 d (94 k), bovine serum albumine 
(68 k), ovalbrimin (43 k), carbonic anhydrase (30 k), and lysozyme 
(14k L). 
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1116 JUDD AND CALDWELL 

V 8 ~ DIGESTS 

-125~ LABELED 

"""' '4c LABELED 

RETENTION T M - M I N U T E S  
lFlK7ICU NUMURl 

Figure  3. HPLC e l u t i o n  p r o f i l e s  of l Z 5 I - l a b e l e d  and 14C-labeled pep- 
t i d e s  o f  C .  t rachomat i s  L 2  MOMP genera ted  by Staphylococcus 
aureus V8 p r o t e a s e  d i g e s t i o n .  Pept ides  were separa ted  on 
a reverse  phase c18 column using H 2 0  TFA and ACN-TFA i n  t h e  
mobile phase. Two-tenths minute f r a c t i o n s  were c o l l e c t e d  
and counted i n  a Beckman Biogamma Counter ( l Z 5 I )  o r  a Beck- 
man LS 8000 Counter (14C) a f t e r  t h e  a d d i t i o n  of Aquesol. 
This  chromatogram i s  a composite of two s e p a r a t i o n s .  Note 
t h a t  a l l  1 4 C  peaks a r e  represented  by lZ5I peaks. 
n a l  s tandrads ,  TYR, PHE, TRP,  e l u t e d  a t  7.25, 8.37, and 
10 .92  r e s p e c t i v e l y  and v a r i e d  l e s s  than 0.05 min/run. 
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F i g u r e  4 i s  a chromatogram d e m o n s t r a t i n g  t h a t  t h e  s e p a r a t i o n  

of V8 p r o t e a s e  g e n e r a t e d  p e p t j d e s  of lZ5T- labe led  MOHP can b e  

g r e a t l y  improved h y  mod i fy ing  t h e  e l u t i o n  g r a d i e n t .  

l y ,  a severe p a u c i t y  o f  *“C-peptj .des p e n e r s t r d  by VS p r o t e a s e  

p r e v e n t e d  u s  from u s i n g  t h i s  g r a d i e n t  t o  compare 1 4 C  and 1251- 

l a b e l e d  p e p t i d r s .  I n  t h i s  f i g u r e  a r a p i d  s e p a r a t i o n  cjf lZ5I- 

l a b e l e d  VG p r o t e a s e  p e p t i d e s  was performed.  The p o o r l y  s e p o r n t e d  

p e p t i d e s  were poo led  and rechromat:ographed r c s u l t i n g  j n  e r e a t l y  

improved s e p a r a t i o n .  

I Jn fo r tuna te -  

DISCtiSSION -- 
The ob jec t iv t !  of  t h i s  s t u d y  was t o  d e t e r m i n e  i f  i n - g e l  

chloramine-T r a d i o i o d i n a t i o n  a d e q u a t e l y  l a b e l s  OM p r o t v i r i s  t o  

a l l o w  f o r  a c c u r a t e  and p r e c i s e  s t r u c t u r a l  comparison o f  t h e s e  

r o l e c u l e s .  

p r o t e i n s  and * 251-labelcd p r o t e i n s  were c l e a v e d  w i t h  two endopep- 

t i d j c  r e a g e n t s  and t h e  p e p t i d e  f r a g m e n t s  s e p a r a t e d  by HPJ,C. A 

comparison of r e t e n t i o n  tirnc:s of t h e  f r agn ien t s ,  a s  de t e rmined  Ly 
d i f f e r e n t i a l  r a d i a t i o n  c o u n t i n g ,  t h u s  i n d i c a t e d  whe the r  ‘*’T- 

l a b e l i n g  i 6 c n t i f i e d  01 a31 t h e  p e p t i d e  p e a k s  s e e n  i n  t h e  “C- 

l a b e l e d  p r o t e i n s .  

T h e r e f o r e ,  i n t r i n s i c a l l y  14C-aminc a c i d  l abe lec ‘  

The r e s u l t s  p r e s e n t e d  h e r e  i r i d i c a t e  t h a t  r a d i o i o d i r i a t i o n  i s  

an e x c e l l e n t  method f o r  l a b e l j n g  p r 0 t e i r . s  i n  s t r u c t u r a l  a n a l y s f s  

s t u d i e s .  Only a few p e p t i d e s  f a i l e d  t o  have  x t i v i t y  when a 

v e r y  l a r g e  number of  p e p t j d e s  were g e n e r a t e d  by n-chymo d i g e s t j o n .  

The l a r g e  number of  p e p t i d e s  g e c e r a t e d  by a-chymo i s  somewhat 

s u r p r i s i n g ,  e s p e c i a l l y  when compared w i t h  two-dimensional  p e p t i d e  

maps (2 )  which shov f a r  f ewer  r a d i o e m f t t i r i g  p e p t i d e s .  As demon- 

s t r a t e d  i n  a p r e v i o u s  p a p e r  (5). t h e  h r g e  number of p e p t i d e s  

p r o b a b l y  r e p r e s e n t s  b o t h  m u l t i p l e  i o d i n a t i o n  s t a t e s  of t h e  pep- 

t i d c s  and t h e  i n c r e a s e d  s e n s ! t i v i t y  of gamma c o u n t i n g  s. a u t o r a -  

d iog raphy .  

1251 

125, I t  wou!d a p p e a r  t h a t  many aminn a c i d  r e s i d u e s  a c c e p t  t h e  

and n o t  j u s t  t y r o s i n e .  T h e r e  is e v i d e n c e  t h a t  t h e  o t h e r  a r o m a t i c  

amino a c i d s  and h i s t i d i n e  w i l l  b i n d  1251 as w e l l  ( 7 ) .  

a-chymo p r e f e r e n t i a l l y  c l e a v e s  a t  t h e  c a r b o x y l  s i d e  of t h e  aro-  

S i n c e  
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matic amino acids ( l ) ,  each peptide should acquire the 1251 label. 

Those few peptides which were not labeled may represent a-chymo 

clcavage at leucine residues which occurs at very low levels 

compared with the aromatic amino acid cleavage. The complete 

labeling of V8 protease peptides with Iz5I is expected since this 

enzyme cleaves at only glutamate, thereby generating larger 

fragments which almost surely contain at least one 12’I-labeled 

residue. 

Perhaps the utility of 1251-labeling is best seen in Fjgure 

4 .  
efficiency of V8 protease cleavage of L2 MOMP in acrylamide gels, 

it was difficult to generate enough peptidic fragments to optimize 

the HPLC separations. However, the much greater emission of 

1251-labeled fragments allowed for the multiple sample separations 

needed to improve the HPLC peptide separation. 

Because of the relatively weak emission of 1 4 C  and the low 

Radiojodination appears to h e  an excellent method of labeling 

proteins for structural studies. The labeling procedure is rapid, 

reliable, and allows f o r  studies using extremely small amounts of 

protein. The addition of a new in-line gamma counter available 

from Beckman Instruments, Inc., Palo Alto, C A Y  has greatly improved 

precision and has dropped the detection limits. An injection of 

as little as 6,000 cpm of radioiodinated peptides can be detected 

(personal ohservations) and direct integration of elution allows 

for extremely reproducible chromatograms for HPLC peptide mapping. 
Future studies will present data acquired using the new in-line 

gamma detector and its application to peptide analyses. 

ACKNOWLEDGEMENTS 

I wish to thank the entire staff of Rocky Mountain Research 
Laboratories for their invaluable assistance. This publication 

supported by RML, NSF-MONTS, and NIH grant R01-A1212366-01 Bfl-2.  

REFEREWCES 

1. Rerezin, I. V., and K. Martinek. 1970. Specificity of 
a-chymotrypsin. FFRS Lett. 8:261-263. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1120 JUDD AND CALDWELL 

2.  C a l d w e l l ,  H. D . ,  and R .  C.  Judd.  1982. S t r u c t u r a l  a n a l y s j s  
of  c h l a m y d l a l  p r o t e i n s .  I n f e c t .  I m u n .  2 : 9 6 0 - 9 3 8 .  

3. E l d e r ,  .I. H . ,  R .  A .  P i c k e t t  11, .J. Hampton, and R .  A .  L c r n e r .  
1977. R a d i o i o d i n a t i o n  of p r o t e i n s  i n  s i n g l e  p o l y a c r y l a m i d e  
g e l  s l i c e s .  J .  B i o l .  Chem. -:6510-6515. 

4 .  Foumard, J . ,  and G.  R .  Drapeau.  1972. P t a p h y l o r o c c a l  
p r o t e a s e :  a p r o t e o l y t i c  enzyme s p e c i f i c  f o r  glutamyl bonds. 
P rnc .  N a t l .  Acad. Eci. U.S.A. 69:3506-3509. - 

5 .  J i i d d ,  R. C.  1983. 1 7 5 1 - l a b e l e d  p f y $ i d e  mapping and h igh -  
p e r f o r m n c e  l i q u i d  chromatography 
P r o t e i n  1 of f o u r  s t r a i n s  of Neisseria gonor rhoeae .  J r .  I i q .  
Chromat. 5:1421-1439. 

I - p e p t i d e  s e p a r a t j o n  of 

6 .  L a e m m l i ,  IT. k. 1970. Cleavage of s c r u c t u r a l  p r o t e i n s  d u r i n g  
t h e  assembly of  t h e  head of b a c t e r i o p h a g e  T4. N a t u r e  (London) 
227:680-685. - 

7 .  Elorr ison,  M.  1980. L a c t o p e r o x i d a s e -  c a t a l y z e d  t o d i n a t i o n  as  
a t o o l  f o r  i n v e s t i p a t i c n  of p r o t e i n s ,  Methods Fnzymol. 
-- ?@:214-220. I n  H.  Van Vunakis arid J, J .  Langone ( e d . ) ,  
hethr ids  i n  enzymology, 70. Academic P r e s s ,  New Y o l k .  

8 .  T y y s o n ,  J .  197Y. S t u d i e s  LIE gonococctis i n t e c t i o n .  XPI I I .  
1 - l a b e l e d  p e p t j d e  mapplng of t h e  ma jo r  p r o t e i n  o f  t h e  

gonococcal  c e l l  wail n i i t e r  membrane. I n f e c t .  lmmun. ::199- 
820. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


