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Summary 

Pyridoxal [32P]phosphate was prepared using [7-32p]ATP, pyridoxal,  and 
pyridoxine kinase purified from Escherichia coli B. The pyridoxal [32P]phos- 
phate obtained had a specific activity of  at  least 1 Ci/mmol. This reagent was 
used to label intact influenza virus, red blood cells, and both  normal and trans- 
formed chick embryo  fibroblasts. The cell or virus to be labeled was incubated 
with pyridoxal  [32P]phosphate. The Schiff base formed between pyridoxal 
[32P]phosphate and protein amino groups was reduced with NaBH4. The distri- 
bution of  pyridoxal  [32P]phosphate in cell membrane or virus envelope pro- 
teins was visualized by autoradiography of the proteins separated by sodium 
dodecyl  sulfate polyacrylamide gel electrophoresis. 

The labeling of  the proteins of  both influenza and chick cells appeared to be 
limited exclusively to those on the external surface of the virus or plasma mem- 
brane. With intact red blood cells the major port ion of the probe was bound by 
external proteins, but  a small amount  of  label was found associated with the 
internal proteins spectrin and hemoglobin. 

Introduct ion 

A number of  membrane-impermeable agents, both anionic and cationic, have 
been used to label proteins on the external surface of membrane vesicles 
[1--14].  These probes have been designed to react with either the nucleophilic 
or the electrophilic groups of  proteins on the membrane surface and by intro- 
ducing a radioisotope via the bond formed between the labeling reagent and the 
membrane component .  The charge or size of  the labeling agent prevents its pas- 

Abbreviations: PMSF, p-toluenesulfonyl fluoride; SDS, sodium dodecyl sulfate; PAS, periodic acid 
Schiff base; TEMED, N,N,N l ,N 1 -tetramethylethylenediamine. 
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sage through the membrane and thus proteins in the interior of the vesicle are 
not labeled. The distribution of proteins in erythrocytes and other membranes 
has been studied in this way. 

We have described the use of pyridoxal phosphate as a reagent for labeling 
proteins on the outer surfaces of membranes [7]. In this reaction the mem- 
brane vesicle is incubated with pyridoxal-P to allow the formation of a Schiff 
base, which is subsequently reduced by the addition of NaB3H4. The reduction 
of the Schiff base formed between pyridoxal-P and a protein amino group by 
NaB3H4 introduces 3H into a stable covalent bond. Proteins that have reacted 
with pyridoxal-P can be separated by a technique such as acrylamide gel elec- 
trophoresis, and then identified by the 3H associated with them. This reaction 
has been successfully applied to enveloped viruses, erythrocytes, and cultured 
animal cells. 

Despite the effectiveness of the original procedure, the use of pyridoxal 
[32p]phosphate appeared advantageous for several reasons. First, the use of 
pyrodoxal [32p]phosphate would permit the visualization of derivatized protein 
by autoradiography of polyacrylamide gels rather than by scintillation counting 
of a sliced gel, with a significant increase in sensitivity and convenience. 
Second, since membranes are permeable to NaB3H4 any internal, naturally 
occurring Schiff bases are labeled even in the absence of pyridoxal-P [7]. The 
use of pyridoxal [ 32p] phosphate would eliminate this background radioactivity 
since the radioisotope would not penetrate the membrane, and reduction of 
the external Schiff base could be performed with NaBH4. Third, the availabil- 
ity of pyridoxal [32p]phosphate would permit double label experiments to be 
performed using 32p and 3H. 

We describe here a method for the preparation of pyridoxal [32p]phosphate 
using pyridoxine kinase from Escherichi coli, ['),-32p]ATP, and pyridoxal. This 
reagent, pyridoxal [32p]phosphate, is effective in labeling the outer membrane 
proteins of influenza virus, red blood cells, and chicken embryo fibroblasts. 

Materials and Methods 

E. coli B, "three-fourths grown" in enrichment medium, was purchased from 
Grain Processing Corp., Muscatine, Iowa. Pyridoxal-HC1 and pyridoxal 5'-phos- 
phate were purchased from Calbiochem. Enzyme grade ammonium sulfate was 
purchased from Mann Research Laboratories. DEAE-cellulose was purchased 
from Whatman. Sephadex G-100, QAE, and DEAE-Sephadex A-25 were pur- 
chased from Pharmacia Inc. Hydroxyapatite was purchased from Biorad. Car- 
rier-free [32p]phosphate was bought from Schwarz/Mann. Aquasol was pur- 
chased from New England Nuclear. NaBH4 was purchased from Fisher Scien- 
tific. SDS was purchased from British Drug Houses, PMSF from Aldrich, 
HEPES from Sigma, sodium metabisulfite from Matheson, Coleman and Bell, 
and Basic Fuchsin from Fisher Scientific. Aldolase, 3-phosphoglycerate kinase, 
and glyceraldehyde phosphate dehydrogenase were purchased from Boehringer 
Mannheim. Reagents for acrylamide gels were purchased from Eastman. All 
other chemicals used were the best commercial grade available. 

Preparation o f  pyridoxine kinase. Pyridoxine kinase was prepared from 
E. coli essentially according to the method of White and Dempsey [15,16] with 
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the following modifications of the indicated steps. 
The E. coli B were disrupted by grinding in a ceramic mortar with alumina 

A-305. The mixture was then centrifuged in Sorvall RC 2B centrifuge for 3 h at 
25000 × g. The crude supernatant was decanted and diluted with 1.5 1 of 10 
mM potassium phosphate, pH 7.0, per 260 g bacteria. This solution was treated 
at 4°C with 0.5 ml of 1 M MgC12 per 100 ml of extract with stirring for 6--8 h. 
The mixture was then centrifuged for 1 h at 25000 X g. The precipitate was dis- 
carded. 

Ammonium sulfate precipitation of the supernatant solution and DEAE 
chromatography using 80 mM KC1, followed by 120 mM KC1, pH 7.0, were 
performed essentially as originally described. The active fractions from the 
DEAE column were pooled and directly applied to a Sephadex QAE A-25 
column (4 × 47 cm) equilibrated with 0.1 M KC1 in 10 mM potassium phos- 
phate, pH 7.0. After the first protein peak was eluted by the equilibrating buf- 
fer, a linear gradient of 0.1 M KC1 (600 ml) to 0.18 M KC1 (600 ml) in 10 mM 
potassium phosphate (pH 7.0) was used to elute the pyridoxine kinase. The 
most active fractions were pooled and concentrated by either of two proce- 
dures. The pooled fractions were dialyzed against 10 mM potassium phosphate 
(pH 7.0), applied to a small DEAE-cellulose column (0.9 × 4 cm), and eluted 
with 0.1 M KC1 in 10 mM potassium phosphate buffer. 

The concentrated enzyme was applied to a Sephadex G-100 column (4 X 130 
cm) equilibrated with 10 -s M pyridoxal and 10 -4 M ZnSO4 in 10 mM potas- 
sium phosphate (pH 7.0) and eluted with this buffer. The fractions of highest 
activity were pooled and directly applied to a small DEAE-cellulose column 
equilibrated with the same buffer. The pyridoxine kinase was then eluted with 
a linear gradient six times the column volume consisting of 0--0.1 M KC1 in the 
equilibrating buffer. The active fractions were pooled and dialyzed against 10 
mM potassium phosphate buffer (pH 7.0) and then applied to a hydroxyapat i te  
column (10 ml bed volume). The enzyme was then eluted with a 400 ml linear 
gradient of 0.01--0.3 M potassium phosphate, pH 7.0. The active fractions were 
dialyzed against 10 mM potassium phosphate, pH 7.0. 

The enzyme was stored at  --20 ° C. There was no detectable loss of activity 
after periods of storage as long as 8 months  at --20 ° C. 

The recoveries and specific activities of the various fractions are illustrated 
in Table I. At the final step in the purification procedure, the enzyme had been 
purified 1300-fold with a yield of 40% based on the initial activity in the bac- 
terial extract. Electrophoresis of this material in SDS polyacrylamide gels 
demonstrated that  the preparation was not  yet  homogenous. However, assays 
for phosphatase activity indicated that  the enzyme preparation contained less 
than 10 .7 units of alkaline phosphatase activity per ml. Moreover, the absence 
of any inorganic [32P]phosphate formed during the incubation reaction of 
[?-32P]ATP, pyridoxal,  and enzyme (vide infra) also indicated that  the enzyme 
preparation contained no detectable phosphatase activity under the conditions 
used. Therefore, the enzyme at this stage could be employed for the synthesis 
of pyridoxal-P without  further purification. 

Apotryptophanase assay o f  pyridoxine kinase. Pyridoxine kinase was assayed 
by the apotryptophanase assay described by White and Dempsey [15,16]. The 
Crooks strain of E. coli was generously supplied by Dr. W.B. Demspey and was 
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used for the production of  apotryptophanase.  
Alkaline phosphatase. The assay used was that  of Garen and Leventhal [17].  
Synthesis of [7-32P]ATP. [7-32P]ATP was synthesized from carrier-free 

[32P]phosphate (Schwarz/Mann) and ATP using the procedure of Schendel and 
Wells [18] with the following modifications. Glyceraldehyde 3-phosphate was 
generated enzymatically by including 2.5 • 10 -3 M fructose-l ,6-diphosphate in 
the reaction mix. Six I.U. of  aldolase were added with the 3-phosphoglycerate 
kinase and glyceraldehyde phosphate dehydrogenase to initiate the reaction. 
The total reaction mixture had a volume of 1 ml, and was incubated in the dark 
at 10 ° C. The synthesis of  [~/YP] ATP was monitored by spotting 1-pl aliquots 
on a polyethyleneimine cellulose sheet and developing the thin layer with 1 M 
LiC1 [17].  The purification of  the [7-32P]ATP was done on a DEAE-Sephadex 
A-25 column as described by Schendel and Wells [18].  The yield of [7-32P] - 
ATP based on the amount  of [32p]phosphate initially used was 80--90%. 

Synthesis of pyridoxal [32p]phosphate. The synthesis of pyridoxal [32p]_ 
phosphate from pyridoxal and [~,-32p]ATP by pyridoxine kinase was performed 
using the conditions described by White and Dempsey [15,16],  with the fol- 
lowing modifications. The various components  of the reaction mixture were 
added directly to a plastic tube  in which the [7-32p]ATP had been previously 
lyophilized. The components  of  the mix were first incubated in the dark for 
15 min at 37°C. After this time, 0.02 unit of pyridoxine kinase in 2 ml of  10 
mM potassium phosphate (pH 7.0) were added, and the mixture was shaken 
gently for 30 min in the dark at 37°C. The reaction was terminated by the 
addition of EDTA to a final concentration of 0.01 M. In addition, 20 gl of 10 
mM pyridoxal-P was then added to act as a spectral marker. 

Purification of pyridoxal [32p]phosphate. The reaction mixture was diluted 
20--30-fold with glass-distilled water and applied to a 2--3 ml column of 
DEAE-Sephadex A-25 that had been pretreated with ADP, washed with 0.4 M 
NH4HCO3 and re-equilibrated with 10 mM NH4HCO3. After the diluted reac- 
tion mixture had been applied to the column in the dark, the column was 

T A B L E  I 

P U R I F I C A T I O N  OF P Y R I D O X I N E  K I N A S E  FROM E. C O L I  B 

Units  of  kinase ac t iv i ty  are expressed  as p m o l  of  py r idoxa l  5 ' -phospha te  f o r m e d  per  min  dur ing  a 15  rain 
i ncuba t ion  of  the  e n z y m e  wi th  0.1 m M  ATP,  0.1 mM pyridoxal-HC1,  1 m M  ZnSO 4 and 10 m M  potas-  
s ium p h o s p h a t e  bu f f e r  (pH 7.0).  The  r eac t ion  was s t oppe d  by  boil ing the  samples  for  5 rain and the pyri-  
doxa l  5 ' -phospha te  subsequen t ly  d e t e r m i n e d  by  e i ther  the  a p o t r y p t o p h a n a s e  assay, pH 7.0, or  the d i rec t  
spectra l  assay a t  p H  6.0 as descr ibed  in Materials  and  Methods .  

F rac t iona t ion  stage Tota l  Tota l  V o l u m e  Specific Yield (%) 
units  p ro te in  (ml) act iv i ty  

(rag) X 10 3 

1 Crude  ex t r ac t  0 .826  24 078  967 0 .0 3 4  100 
2 MnCl t r a t ed  ( supe rna t a n t )  0 .819  20 9 2 4  987  0 .039 99.2  
3 30 - -52% (N H 4)2SO4  prec ip i ta te  0 .839 8 478 321 0 .099  101.0 
4 DEAE-cel lu lose ,  pH 7.0,  s tepwise  0 .699  348 480 2.01 84.7 
5 QAE-Sephadex  A-25 grad ien t  0 .551 49 610 ~ 43 11 .24  66.7 
6 Sephadex  G-100  c o l u m n  0 .490  16.1 150 30.5 59.4 
7 DEAE-cel lu lose ,  p H  7.0,  g rad ien t  0 .426  11.3 75 37.8 51.6 
S H y d r o x y a p a t i t e  (HTP)  c o l u m n  0 .325  7.2 33.3 45 .0  39 .4  
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washed with equilibrating buffer until the amount  of radioactivity eluted was 
at background level. Consecutive elution with 0.1, 0.18, 0.23, and 0.4 M 
NH4HCO3 buffers was used and approx. 20-column volumes were collected at 
each step. The column fractions were assayed for radioactivity by pipetting 5 pl 
into 5 ml of Aquasol and counting the solution in a Packard Tricarb liquid scin- 
tillation counter. In addition,  the absorbance of each fraction at 388 nm was 
determined to identify the pyridoxal-P fraction. Those fractions that  showed 
both radioactivity and adsorption at 388 nm were pooled and concentrated by 
lyophilization. The purity of the pyridoxal [32p]phosphate was assessed by 
thinqayer chromatography using two different chromatographic systems 
(methanol/benzene/~-butanol/water/ tr iethylamine (4 : 2 : 2 : 2 : 1, v/v) on 
polyethyleneimine cellulose sheets, and methylethylketone/water/ethanol/NH3 
(15 : 5 : 5 : 5, v/v) on silica gel G sheets) followed by autoradiography. 

Preparation o f  virus and cells. WSN strain of influenza virus was grown in 
bovine kidney cells and purified as described previously [7]. Human red blood 
cells and erythrocyte  ghosts were prepared from freshly drawn blood according 
to the methods described by Fairbanks et al. [21]. Chick embryo fibroblasts 
and Rous sarcoma virus (subgroup A) transformed chick embryo fibroblasts 
were prepared as described earlier [22]. 

Labeling reactions. Influenza virus. Purified influenza virus was suspended in 
10 mM potassium phosphate (pH 7.0) at  a concentration of 0.95 mg/ml in a 
plastic tube. To 1.95 ml of virus solution was added 1.25 ml of resuspended 
pyridoxal [32p]phosphate (1.23 Ci/mmol; 234 pCi) in 50 mM HEPES buffer, 
pH 7.4. The virus-pyridoxal [32p]phosphate mixture was incubated at 37°C in 
the dark. After 20 min, 20 pl of 0.1 M NaBH4 dissolved in 0.01 M NaOH was 
added. The solution was mixed and placed on ice for 10 min. An excess of 
pyridoxal-P dissolved in 10 mM sodium phosphate was added dropwise until a 
yellow color persisted. 

Virus was repurified and concentrated from the reaction mixture as 
described earlier. The virus pellet was resuspended in approx. 100 pl of 1% 
sodium dodecyl sulfate (SDS). Protein concentration was determined and suit- 
able aliquots of the pyridoxal [32p]phosphate-labeled virus were subjected to 
electrophoresis on 10% polyacrylamide slab gels containing SDS. The acryl- 
amide gel was stained with 0.2% Coomassie Brilliant Blue dissolved in 50% tri- 
chloroacetic acid, destained in 7% acetic acid, and dried. The distribution pyri- 
doxal [32P]phosphate protein was determined by autoradiography, and the 
developed autoradiographs were scanned with a Joyce-Loebl densitometer. 

Erythrocyte labeling. Human erythrocytes were obtained from fresh blood 
according to the procedure of Fairbanks et al. [21]. Ghosts were isolated after 
hypotonic  lysis of the washed erythrocytes  [21]. 

For labeling experiments, 0.25 ml of packed red blood cells or packed ghosts 
were mixed with 100 pl of  freshly synthesized pyridoxal [32p]phosphate (0.54 
Ci/mmol; 38 pCi) dissolved in Dodge's buffer [23]. In addition, 0.5 pl of 2.0 M 
PMSF was added. The reaction mixture was incubated for 30 min at 37°C in 
the dark. At the end of this period, the tubes were placed on ice, and two 5-pl 
aliquots of 0.1 M NaBH4 in 10 mM NaOH were added at 5-min intervals. Excess 
pyridoxal-P was then added until a yellow color persisted. The red blood cells 
were gently washed six times with isotonic buffer and isolated by centrifuga- 
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T A B L E  I I  

C O M P O S I T I O N  O F  P O L Y A C R Y L A M I D E  G E L S  

S t a c k i n g  ge l  P o l y a c r y l -  

a m i d e  

P o l y a c r y l -  P o l y a c r y l a m i d e  

a m i d e  . . . . . . . . . . . . . . . .  
( m l )  ( 8 % )  ( 1 0 % )  6 %  1 6 %  

S t o c k  a c r y l a m i d e  1 6 . 4  8 . 0  4 .8  1 2 . 8  
W a t e r  6 .5  1 1 . 6  1 0 . 0  1 3 . 2  2 . 4  

U p p e r  gel  b u f f e r  2 .5  . . . .  

L o w e r  ge l  b u f f e r  - -  6 .0  6 .0  6 .0  6 .0  

( N H 4 ) 2  $2 0 8  0 . 3  0 . 0 5  0 . 0 5  0 . 0 5  0 . 0 5  
T E M E D  0 . 0 1  0 . 1 2  0 . 1 2  0 . 1 2  0 . 1 2  

S u c r o s e ,  6 5 %  . . . .  2 .8  

tion at 1700 × g. The labeled erythrocytes  were lysed by the addition of 14 ml 
of 5 mM sodium phosphate,  pH 8.0. The ghosts were isolated by centrifugation 
at 16000  rev./min for 10 min in a Sorvall SS-34 rotor.  The cell lysate was saved 
for further analysis. The radioactively labeled ghosts were also repurified from 
excess pyridoxal [32p]phosphate and other reaction products  as described 
above. 

The distribution of  pyridoxal [ 32p] phosphate in the proteins of  erythrocytes  
and ghosts was determined after SDS polyacrylamide gel electrophoresis of the 
samples on slab gels of  6--16% acrylamide gradients. Proteins were detected by 
staining the gels in 0.2% Coomassie Blue dissolved in 50% trichloroacetic acid. 
Destaining was performed in 7% acetic acid. In order to detect  carbohydrates,  
adjacent wells containing the same material were stained by the PAS reaction 
[24].  The gel was fixed for at  least 1 h in 12.5% trichloroacetic acid, briefly 
washed twice with distilled water and the water carefully removed. The gel 
was then incubated for 1 h in freshly prepared 1% periodic acid in 3% acetic 
acid at 37°C. After 4--5 washes with distilled water during a 5 h period at 
37°C, the gel was incubated with Schiff reagent for 1 h at 37°C in a covered 
dish. The Schiff reagent was prepared by mixing 8 g of basic Fuchsin, 16 g of 
sodium metabisulfite, and 21 ml of  concentrated HC1. This mixture was stirred 
for 2 h at room temperature with activated charcoal, filtered, and stored at 
0--4 ° C. After incubation with the Schiff reagent, the gel was washed repeatedly 
with 0.5% sodium metabisulfite. 

The stained gels were then dried and pyridoxal [32p]phosphate was detected 
by autoradiography. The exposed X-ray film was analyzed by densi tometry 
using a Joyce-Loebl  densitometer.  

Labeling o f  Chick Embryo Fibroblasts and Rous sarcoma virus-transformed 
chick embryo fibroblasts. One 60-mm plate (106 cells) each of chick embryo 
fibroblasts and Rous sarcoma virus-transformed chick embryo fibroblasts was 
washed twice with 5 ml of  buffer A (0.15 M NaC1, 0.02 M sodium phosphate,  
pH 8.0). 1 ml of  this buffer containing pyridoxal [32p]phosphate (6.2 Ci/mmol; 
138 pCi) was added to each plate and the cells were incubated at 4°C in the 
dark for 15 min. The Schiff bases were reduced by the addition of  50 pl of 50 
mM NaBH4 dissolved in buffer A. The plates were gently swirled and left at  
4°C for 10 min. Additional pyridoxal-P dissolved in buffer A was then added to 
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each plate until a yellow color persisted. The cells were carefully scraped from 
the dish with a rubber policeman, collected by centrifugation at 1500 rev./min 
in an International PR6 centrifuge, and gently washed five times in 10 ml of 
buffer A. Each cell pellet was dissolved in 200 pl of 1% SDS. Protein was deter- 
mined by the method of  Lowry et al. [25]. The proteins in both normal and 
transformed cells were analyzed by SDS polyacrylamide gel electrophoresis, 
followed by staining with Coomassie Blue. The incorporation of pyridoxal 
[32p] phosphate was visualized by autoradiography of the dried gels. 

Polyacrylamide gels. Essentially, the technique described by Laemmli [26] 
was used in a slab apparatus modified after the one described by Studier [27]. 

Results 

Synthesis of pyridoxal [32P]phosphate 
When pyridoxal,  [7-3:P]ATP, and pyridoxine kinase were used to synthesize 

pyridoxal [32P]phosphate, the yields were 9--20% based on the recovery of 
3:p from the DEAE-Sephadex A-25 column. A typical elution pattern of the 
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Fig. 1. D E A E - S e p h a d e x  c h r o m a t o g r a p h y  of  py r idoxa l  [ 3 2 p ] p h o s p h a t e .  Py r idoxa l  [ 3 2 p ] p h o s p h a t e  syn- 
thes ized  by  p y r i d o x i n e  kinase,  [3 ' -32p]ATP,  and  p y r i d o x a l  was f r ac t inna ted  in the  da rk  on a 2--3 ml  
D E A E - S e p h a d e x  A-25 c o l u m n  af te r  d i lu t ion  of  the  rad ioac t ive  pyr idoxa l -P  20- -30- fo ld  by carr ier  pyri-  
doxal-P.  E lu t ion  was ach ieved  b y  a s tepwise  g r ad i en t  of  0 .01 ,  0.1,  0 .18 ,  0 .23 ,  and 0.4 M N H 4 H C O  3. Frac-  
t ions  of  5 m l  were  co l lec ted  a n d  the  r ad ioac t iv i ty  ( ) was m o n i t o r e d  by  countint~ 5-tzl a l iquots  in 
Aquaso l .  The  f rac t ions  were  also m o n i t o r e d  fo r  a d s o r p t i o n  by  pyr idoxa l -P  at  388 n m (  . . . . . .  ). Py r idoxa l  
absorbs  on ly  slightly a t  this  wave l eng th  and  was e lu t ed  in the f irs t  f ou r  f rac t ions .  
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reaction mixture f rom the DEAE-Sephadex column is shown in Fig. 1. A small 
amount  of  the carrier pyridoxal-P washed through the column and eluted 
with the load and wash. Unadsorbed pyridoxal eluted in fractions 1--5. 
All of the radioactivity adsorbed to the column and eluted with 0.18 M 
NH4HCO3 coincident with the marker pyridoxal-P. When these fractions were 
checked for purity by thin-layer chromatography,  it was evident that they con- 
sisted of pure pyridoxal phosphate.  The pyridoxal [ ~2p]phosphate produced by 
this procedure had a specific activity of  at  least 1 Ci/mmol after dilution of the 
reaction product  with carrier pyridoxal-P. It was found by thin-layer chroma- 
tography that radioactive degradation products  of the pyridoxal [32p]phos- 
phate began to appear after 2 days of  storage of the pyridoxal [32P]phosphate 
at --80 ° C. However, these products  did not  appear to interfere with the label- 
ing reaction (v. infra). 

Labeling of influenza virus 
For the initial labeling experiments with pyridoxal [32P]phosphate, the 

myxovirus influenza was used. This virus consists of a nucleoprotein core sur- 
rounded by a lipid envelope. When virus is grown in the absence of serum, 
four major proteins can be detected by ~4C-labeled amino acid incorporation 
{Fig. 2a) [7]. These are HA, the viral hemagglutinin, N, the nucelocapsid pro- 
tein, NA, the viral neuraminidase, and M, the membrane protein. HA and NA 
have been shown by several techniques to be located on the external side of the 
lipid envelope and are glycoproteins, whereas N and M are located on the inter- 
nal side of the viral envelope [7,28,27].  The high molecular weight species at 
the top  of  the gel (Fig. 2a) were not  consistently found and may represent the 
incomplete dissociation of  viral protein aggregates. Also, the proteins located 
between NA and M varied in amount  and may be the result of the proteolysis 
of HA. 

When the influenza virus grown in the absence of serum was labeled with 
pyridoxal [32P]phosphate, repurified, and the labeled viral proteins examined 
by autoradiography after SDS polyacrylamide gel electrophoresis, the pattern 
seen in Fig. 2b was obtained. Most of  the 32p was associated with the glycopro- 
tein HA and a smaller amount  with NA which was incompletely resolved in the 
gel illustrated. The M and N proteins located on the internal side of  the virion, 
have almost no 32p associated with them. The small amount  of 32p that appears 
to be associated with the M protein may in fact be associated with the protein 
HA2, a degradation product  of  HA known to migrate only a little more slowly 
than the M protein. The two high molecular weight proteins were also labeled 
with pyridoxal [32P]phosphate. Thus, the labeling pattern of the proteins of  
influenza virus with pyridoxal [32p]phosphate is consistent with the proposi- 
tion that this reagent labels only those proteins on the external surface of  the 
viral membrane. 

Labeling of ery throcy tes and ghosts 
A second vesiculated structure whose protein composit ion and disposition 

are known is the human erythrocyte  [30].  In Fig. 3A is shown a typical slab gel 
pattern of  the proteins of  the human erythrocyte  labeled with pyridoxal [32p]_ 
phosphate as visualized by Coomassie Brilliant Blue staining. When this gel was 
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Fig.  2. D e n s i t o m e t e r  scans  o f  a u t o r a d i o g r a p h s  of  i n f l u e n z a  v i rus  p ro te ins .  Each  of  two  s a mp le s  of  influ-  
enza  were  t r ea t ed  w i t h  f l - m e r c a p t o e t h a n o l  and  e l e c t r o p h o r e s e d  a t  10 m A  on  a 10% SDS p o l y a c r y l a m i d e  
slab gel. The  e l e c t r o p h o r e s i s  was  t e r m i n a t e d  2 h a f t e r  the  dye  f r o n t  had  r e a c h e d  the b o t t o m  of  the  gel. 

A u t o r a d i o g r a p h s  were  m a d e  f r o m  the d r i ed  gels  a n d  s c a n n e d  on a J o y c e - L o e b l  d e n s i t o m e t e r .  The  direc-  
t ion  of  e l e c t r o p h o r e s i s  was f r o m  r i g h t  to  lef t .  All v i rus  s a m p l e s  were  g r o w n  in s e rum- f r ee  m e d i u m .  H A ,  

h e m a g g l u t i n i n ;  N,  n u ce locaP s id ;  NA,  n e u r a m i n i d a s e ;  M, m a t r i x  p ro t e in ;  P, viral  p o l y m e r a s e .  (A) Vi rus  
g r o w n  in the  p r e sence  of  14C-labeled a m i n o  ac ids .  (B) V i ru s  g r o w n  in the absence  of  r ad ioac t ive  precur -  

sors  and  t h e n  labe led  w i t h  p y r i d o x a l  [ 3 2 p ] p h o s p h a t e .  The  32p  label  is m o s t  p r o m i n e n t  in  the two  ex te r -  

nal  p r o t e i n s  H A  and  N A .  

dried and analyzed by autoradiography for 32p incorporat ion,  the patterns in 
Figs. 3E and 3F were seen. Most of  the radioactivity incorporated into intact 
e ry throcytes  was found  in a protein band migrating with a molecular weight of 
approx.  100000.  A small amount  of  radioactivity was also found at a higher 
molecular weight corresponding to  the position of spectrin. In addition, a pro- 
tein migrating near the gel f ront  was sometimes seen to be labeled with 32p. 
However, if the  e ry th rocy te  membranes were rigorously washed free of hemo- 
globin, this last radioactive peak was no t  found.  If the ery throcytes  were lysed, 
and isolated ghosts were labeled with pyridoxal  [32p]phosphate (Figs. 3C and 
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Fig. 3. Pyr idoxa l  [ 3 2 p ] p h o s p h a t e  labeling of  the  p ro te ins  f r o m  e r y t h r o c y t e s  and e r y t h r o c y t e  ghosts.  
E r y t h r o c y t e s  and e r y t h r o c y t e  ghosts  were  labeled wi th  py r idoxa l  [ 3 2 p ] p h o s p h a t e  and e l ec t rophoresed  on  
6- -16% l inear  gradients  o f  p o l y a c r y l a m i d e  in the  presence  of  SDS. 40  #g o f  p ro t e in  were  appl ied to  each 
well and e lec t rophores i s  was p e r f o r m e d  at  10 m A  unt i l  the  d y e  f ron t  r eached  the  b o t t o m  of  the  gel. ( A )  
Coomass ie  Bril l iant Blue stain of  a gel of  e r y t h r o c y t e  ghosts  which  had  been  labeled wi th  py r idoxa l  
[ 3 2 p ] p h o s p h a t e .  (B) PAS stain of  gel of  e r y t h r o c y t e  ghost  pro te ins .  (C) A u t o r a d i o g r a p h  of  gel A indicat-  
ing which  p ro te ins  had  been  labeled wi th  py r idoxa l  [ 3 2 p ] p h o s p h a t e .  (D) D e n s i t o m e t e r  t rac ing  of  au to-  
r ad iog raph  i l lus t ra ted in C. (E)  A u t o r a d i o g r a p h  of  a gel of  py r idoxa l  [ 3 2 p ] p h o s p h a t e - l a b e l e d  in tac t  
e r y t h r o c y t e s .  (F)  D e n s i t o m e t e r  t racing of  a u t o r a d i o g r a p h  i l lus t ra ted in pa r t  E. Major  p ro te ins  and glyco-  
p ro te ins  are n u m b e r e d  accord ing  to S teck  [30 ] .  The  d i rec t ion  of  e lec t rophores i s  was f rom left  to r ight  in 
all samples .  
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3D) essentially all of  the proteins were labeled. Under these circumstances, a 
peak of radioactivity corresponding to hemoglobin was almost always found. 

Other studies employing membrane-impermeable reagents to label the exter- 
nal proteins of  erythrocytes  have shown that the protein species predominantly 
labeled are component  3 and the glycoprotein,  PAS(1) [30].  To determine if 
PAS(1) was labeled, slab gels of  pyridoxal  [32p]phosphate-labeled erythrocytes  
were stained for carbohydrate and analyzed for radioactivity. At least five PAS- 
positive proteins, corresponding to the major glycoproteins, could be detected 
by this method (Fig. 3B). When the gel was analyzed for 32p bound to whole 
erythrocytes,  the major radioactive peak did not  correspond to PAS(1) (Figs. 
3B and 3E). The glycoprotein had a slightly faster mobility than the radioactive 
species. Moreover, when ghosts were labeled and the radioactivity profile (Fig. 
3C) was compared to the glycoprotein profile, it was obvious that even under 
these conditions the major glycoprotein was not  labeled. With this method,  
then,  the major protein species which is labeled in intact erythroeytes  is com- 
ponent  3 and not  glycoprotein PAS(1). 

The small amount  of  radioactivity seen with the hemoglobin and spectrin 
peaks (Fig. 3F) indicated that  pyridoxal [32p]phosphate might be penetrating 
the red cell membrane and complexing with these two proteins. Although the 
amount  of radioactivity associated with the hemoglobin peak was relatively 
low, because of  the large amount  of hemoglobin per erythrocyte ,  the total 
amount  of 32p incorporated into hemoglobin was seven times that found asso- 
ciated with the external proteins. Since it is known that hemoglobin has an 
extremely high affinity for pyridoxal-P [31],  a small number of lysed red cells 
may have contr ibuted protein that  might bind to the red blood cell membrane, 
label with pyridoxal  [32p]phosphate, and contaminate the final membrane 
preparation. Pyridoxal [32p]phosphate-hemoglobin was prepared to test this 
possibility and a reconstruct ion experiment performed. When erythrocytes  or 
ghosts were mixed with pyridoxal  [~2P]phosphate-hemoglobin, reisolated, mad 
their proteins analyzed for 32p after SDS polyacrylamide gel electrophoresis, no 
radioactive hemoglobin was found associated with the preparation (results not  
shown). Thus, the pyridoxal [32p]phosphate-hemoglobin detected in earlier 
reactions must have been the result of  the pyridoxal [32p]phosphate passing 
through the membrane and eomplexing with the hemoglobin. 

Labeling of normal and transformed chicken embryo fibroblasts 
A number of  workers have described a difference in the external membrane 

proteins of  normal and transformed chicken cells as visualized on polyacryl- 
amide gels [32--35].  The normal cells contain a glycoprotein of approx. 
220000  molecular weight located on the external surface of the plasma mem- 
brane. Transformed cells appear to be missing this protein, as it is not  seen 
e i the r  by labeling cells with membrane-impermeable agents such as lactoper- 
oxidase, ~2sI and glucose oxidase and NaB3H4 or by Coomassie Blue staining of 
total' cellular proteins. As illustrated in Fig. 4, when the proteins of normal and 
transformed chicken cells are examined with pyridoxal [3Zp]phosphate labeling 
fol lowed b y  polyacrylamide gel electrophoresis, normal cells are seen to con- 
tain a high molecular weight 3Zp-labeled protein missing in Rous sarcoma virus- 
t ransformed cells. 
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Fig. 4. Pyr idoxa l  [ 3 2 p ] p h o s p h a t e  labeling of  p ro te ins  of  n o r m a l  and  Rous  s a r c o m a  v i rus - t r ans fo rmed  
ch ick  e m b r y o  f ibroblasts .  N o r m a l  a nd  R o u s  s a r c o m a  v i rus - t r ans fo rmed  ch ick  f ibroblas ts  were  labeled wi th  
py r idoxa l  [ 3 2 p ] p h o s p h a t e  as descr ibed  in the  t ex t .  40 pg of  each  sample  were then  appl ied  to a 6 - -16% 
l inear  SDS p o l y a c r y l a m i d e  g rad ien t  slab gel and  e l e c t ropho re sed  a t  10  m A  unt i l  the dye  f ro n t  r eached  the 
b o t t o m  of the  gel. The  gels were  t h e n  dr ied,  a u t o r a d i o g r a p h s  m a d e  an d  scanned  wi th  a J o y c e - L o e b l  densi- 
t o m e t e r .  (A)  D e n s i t o m c t e r  scan of  an  a u t o r a d i o g r a p h  o f  n o r m a l  ch ick  cell p ro te ins  labeled wi th  p y r id o x a l  
[ 3 2 p ] p h o s p h a t e .  (B) D e n s i t o m e t e r  scan  of  R o u s  s a r c o m a  v i rus - t r ans fo rmed  ch ick  cells labeled wi th  
py r idoxa l  [ 3 2 p ] p h o s p h a t e .  The  d i rec t ion  o f  e lec t rophores i s  was f r o m  r ight  to lef t .  

Fig. 5. Pyr idoxal  [ 3 2 p ] p h o s p h a t e  labeling of  p ro te ins  f r o m  n o r m a l  and  Rous  s a r c o m a  v i rus - t r ans fo rmed  
ch ick  e m b y r o  f ibroblas ts .  The  cond i t ions  for  labeling and  e lec t rophores i s  were  ident ica l  to those 
descr ibed  in Fig. 4 e x c e p t  t ha t  the  p o l y a c r y l a m i d e  gel was 8%. (A)  D e n s i t o m e t e r  scan of an  au to rad io -  
I~'aph of  n o r m a l  ch ick  cell p ro te ins  labeled wi th  py r idoxa l  [ 3 2 p ] p h o s p h a t e .  (B) D e n s i t o m e t e r  scan of  
Rous  s a r c o m a  v i rus - t r ans fo rmed  ch ick  cells labeled wi th  p y r id o x a l  [ 3 2 p ] p h o s p h a t e .  The  d i rec t ion  of  
e lec t rophores i s  was f r o m  r ight  to  left .  

If the proteins from normal and transformed cells were analyzed on an 8% 
{Fig. 5) gel, rather than on a 6--16% (Fig. 4) gel, the single protein containing 
32p could be resolved into two species, both of which were absent in the trans- 
formed cell preparation. The absence of these two proteins in transformed 
chick cells was described earlier by Wickus et al. [36]. 

Since the majority of  the proteins in either the normal or the transformed 
cells do not  incorporate pyridoxal [32p]phosphate, it appears that  this reagent 
can be used successfully with living cells to label external surface proteins. 
Further proof of  the external position of the 32p-containing proteins comes 
from the demonstrat ion that  all of the radioactive label associated with the 
cells can be removed by mild protease t reatment  (trypsin 5 pg/ml, 10 min, 
37 ° C) of intact cells. 
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Discussion 

These experiments demonstrate that  pyridoxal phosphate labeled with .~2p 
can be produced in sufficient yield to be employed as a reagent for identifying 
proteins on the surfaces of  membranes. The enzyme used to catalyze the syn- 
thesis, pyridoxine kinase, can be prepared with a minimum of effort  and is 
extremely stable once isolated. The preparation used in these experiments was 
not  homogeneous, as several protein bands could be seen after SDS polyacryl- 
amide gel electrophoresis. The enzyme preparation, however, was judged to be 
free of contaminating phosphatases and was suitable for the production of pyri- 
doxal [32p]phosphate. Since absolute purity of the enzyme is not  required, 
enzyme preparations at earlier steps during the purification might be success- 
fully employed for pyridoxal-P synthesis provided the phosphatases are absent. 

The labeling reactions of pyridoxal [32p]phosphate with influenza virus and 
normal and transformed chicken fibroblasts yielded patterns essentially equiv- 
alent to those seen earlier using either pyridoxal-P and NaB3H4 or other 
reagents. Thus this reaction appears to be limited to proteins on the external 
surface of the viral or plasma membrane. 

The labeling of human erythrocytes  was more complex than that  of either 
influenza virus or chicken fibroblasts. Some reagent did appear to pass through 
the cell membrane and reacted with two intracellular proteins, hemoglobin and 
spectrin. The ability of  pyridoxal-P to pass through the red blood cell mem- 
brane has been reported previously [37], and is thought  to be mediated by the 
anion transport system known to be present in these cells. The major external 
membrane protein that  was labeled was a non-glycosylated protein with a 
molecular weight of  approx. 100000. The failure to label the major external 
glycoprotein, PAS(1), was surprising in view of the report of Cabantchik et al. 
[37] describing the labeling of this protein by pyridoxal-P. The difference 
between our results and those of Cabantchik et al. [37] may be related to 
the low concentrations of pyridoxal-P only the 100000 molecular weight pro- 
tein is labeled while at  higher concentrations of pyridoxal-P, the glycoproteins 
are labeled. However, the concentration of labeling reagent used did not  seem 
to be limiting since the same concentration of pyridoxal-P labeled most of the 
other erythrocyte  proteins in ghost preparations. It should also be noted that  
Cabantchik et al. [37] used a pH of 6.6 for their experiments whereas we used 
a pH of 7.4. The lack of PAS(1) reactivity with our reagent may also be the 
result of a repulsion between the negatively charged sialic acid residues of the 
protein and the phosphate group in the pyridoxal-P. Since the reactive moiety 
in pyridoxal-P is located close to the phosphate group, this may preclude its 
reacting with proteins that  contain highly negatively charged sugar residues. 
These aspects of the labeling reaction can be tested in future experiments. 
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