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SUMMARY 

An improved electrolytic labeling technique has been develop- 

ed for tagging human plasma proteins at physiologic pH condition. 

The basic principle involves the addition of protein after elec- 

trolysis and pH adjustment, thus avoiding harsh treatment of the 

protein and preserving its biological properties. High binding ef- 

ficiency has been obtained for human fibrinogen, immune gamma glo- 

bulin and serum albumin with an average of 7%, 86% and 87% res- 

pectively as assayed by paper radiochromatography. “he labeling 

mechanism is not known. Data from protein electrophoresis demon- 

strate the existance of chemically active 9%c-complex species 

with high protein binding capacity. The entire labeling process 

requires less than 1 hour. Since plasma proteins are labeled at 

pE 7.4, the problem of protein denaturation has been significant- 

ly reduced. 
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INTRODUCTION 
1231 Human fibrinogen and serum albumin have been successfully labeled with , 

1251 and 13’1 by chemical, enzymatic or electrolytic methods. 1-7 !The labeling 
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e f f i c i e n c y  v a r i e s  depending upon t h e  method employed. The i n  v i t r o  as w e l l  i n  vivo 

proper t ies  of these  radioiodinated pro te ins  have been ex tens ive ly  i n v e s t i g a t e d  and 

have been reported i n  t h e  literature.'-12 Because of  t h e  undesirable  i s o t o p i c  char- 

a c t e r i s t i c s  of 1251 and 13'1 and l imi ted  supply of  1231, Technetium-9% has become 

i n  recent  years  t h e  i so tope  of choice i n  rep lac ing  radioiodinated compounds. 

h e  t o  t h e  highly s e n s i t i v e  biochemical na ture  of  t h e  human plasma pro te ins ,  

a r e l i a b l e  chemical method of l a b e l i n g  serum albumin or f ibr inogen with 9 c  with- 

out denaturat ion has y e t  been developed. E l e c t r o l y t i c  methods of tagging serum al- 

bumin and f ibr inogen with 

e a r l i e r  l a b e l i n g  process  r e q u i r e s  t h e  addi t ion  of  t h e  p r o t e i n  t o  be labe led  t o  an 

a c i d i c  medium during e l e c t r o l y s i s  which l e a d s  t o  subsequent denaturat ion of t h e  

f i n a l  labeled product. Attempts t o  l a b e l  human f ibr inogen i n  a physiologic condi- 

have been reported i n  t h e  l i t e r a t u r e .  However, 

t i o n  have met with some success. l8 Later inves t iga t ion  of  our earlier l a b e l i n g  

methodology suggests  that *Tc can be bound t o  human f ibr inogen a f t e r  pH a d j u s t -  

ment. Furthermore, t h e  same simple tagging technique can be appl ied  t o  o ther  p las -  

ma prote ins  with good r e p r o d u c i b i l i t y  and preserva t ion  of  t h e i r  b io logic  propert ies .  

MATERIAIS AND METHOD 

The improved l a b e l i n g  process  is a modif icat ion of our e a r l i e r  technique. 14 

Reduction of *Tc-pertechnetate from a s t a b l e  (+7) state t o  a chemically a c t i v e  

(+4) vhlence state is accomplished by e l e c t r o l y e i s  i n  a weak 0.05 N HC1 a c i d i c  

medium. E l e c t r o l y s i s  is maintained a t  a cont ro l led  cur ren t  of  100 mAmp with a vol t -  

age of  5.6-5.7 V f o r  45-50 sec. Following e l e c t r o l y s i s ,  t h e  pH of t h e  e lec t ro lyzed  

so lu t ion  is readjusted t o  7.4 with 3.5-4 m l  2% ( 0 . 0 6 8 ~ )  t r isodium citrate s o l u t i o n  

previously adjusted t o  pH 12.4 with 1 N NaOH. Immediately i n j e c t  t h e  p r o t e i n  t o  be 

labeled,  0.2 ml(4 mg) of  t h e  recons t i tu ted  f ibr inogen,  0.1 m l  immune gamma globu- 

lin' or 0.1 m l  serum albumin*into t h e  e l c t r o l y t i c  v i a l  with continuous g e n t l e  

swir l ing  f o r  2 min. Incubate the contents  of t h e  v i a l  at 37'C f o r  30 min. The f i n -  

a l  product is c l e a r  and ready for use. 

* Cut te r  Lab. Berkery, Cal i f .  

+ Hyland Lab. C a l i f .  
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Ascending paper radiochromatography with Whatman #1 paper in 85% methanol me- 

CEium was used to assay the binding efficiency(BE) of the labeled proteins. Although 

this method could not be used to differentiate hydrated %c-& complex or other 

types of complexed species from labeled protein, it was quite useful for detecting 

any unbound or unreduced 9%c-pertechnetate. The actual mount of labeled protein 

present in the final product was determined by protein precipitation method with 

20% trichloroacetic acid(TACC). 

Qualitative radioactive protein identification wae determined by protein elec- 

trophoresis with Gelman SepraTeP system using a cellulose polyacetate support me- 

dium. Normal human serum was used as standard. 99mTc-labeled proteins as well aa 

unlabeled proteins were electrolyzed in Tris-Barbital-Na-Barbital pH 8.8 buffer, 

ionic strength 0.075, for 20 min at 200 volts. The electrolyzed plate was stained 

with Ponseau-S dye and rinsed with 5% acetic acid solution. Each red-stained band 

(approximately 3 mm) representing different protein fraction was cut from the plate 

and assayed for radioactivity. 

In order to determine the percent clottable labeled fibrinogen and the degree 

of denaturation, 0.5 ml %c-fibrinogen WOB first precipitated from eolution with 

20 units of topical thrombin solution (Parke-Davis). After separation and washing 

procedures, non-clottable protein which remained in the eupernetant was removed by 

addition of 1 ml 2Q% TCAA solution. The per cent clottability of the ’*Tc-fibrino- 

gen was determined and calculated by the amount of radioactive clot formed from the 

total amount of the labeled protein present in the samples. 

Immunological property of 9%c-labeled gamma globulin was assessed with 9”rc-  

labeled anti-Staphylococcus aureus antibody. The antiserum was produced in rabbits 

by multiple subcutaneous innoculation of formalin-killed Staphylococcus aureus cul- 

ture mixed with Freund’s complete adjuvant. After a period of 2-3 weeks, the rab- 

bits were bled and the antibody was extracted from serum by ammonium sulfate pre- 

cipitation and purified by column chromatography and immunoabsorption technique. 

Antibody activity determination was performed before and after labeling process by 

visual assessment of agglutination of the antigen mixed with the antibody in vary- 

ing dilutions. 
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RESULTS 

The binding efficiency of 99mTc-labeled human plasma proteins is listed in 

Table I. Results from analysis of a series of 12 trials indicates an average B.E. 

of 7% (range 62-86$) is achieved for 99mTc-fibrinogen. Clottable protein accounts 

for 47% (68$ clottability) of the total labeled fibrinogen as assayed by thrombin/ 

TCAA precipitation method (Table I, column C). Non-clottable protein, presumably 

denatured radioactive fibrinogen, amounts to an average of 22%. In all cases, re- 

sults from thrombin/TCAA precipitation method is approximately 10-12$ higher than the 

the data obtained from TCAA protein precipitation assay. The discrepency is proba- 

bly attributed to additional trapping of 99%c-Zr-Citrate complex species during 

clotting process. 

Table I. Binding efficiency of '%Tc-labeled fibrinogen, 
gamma globulin and serum albumin as determined 
by (A) ascending paper rladiochromatography in 
85s methanol, (El TCAA protein precipitation and 
(C) thrombin clottability ast3ay. An average of 12 
trials for each labeled protein. 

(A) (B) (C 1 
RADIOPHARMACEUTICALS Percent Total Labeled Clottable Non- Total 

Bound, Protein* Protein, clottable Labeled 
Protein Protein 

-c-Fi brinogen 77.04 60.43 47.16 22.21 69.36 
( 7.54) ( 7.11) (12.41) ( 8.79) ( 9.30) 

I - - %c-Immune ~amaa 86.37 77.59 

99mTc-Serum Albumin 86.75 74.9 

Globulin ( 8.12) ( 3.19) 

( 7.54) ( 1.60) 
- - - 

Mean % 5 (s.d.1 

A much higher degree of reproducibility and labeling efficiency is achieved 

for gamma globulin and serum albumin, an average of %k$ (range 74-98$) and 87% 

(range 80 -9%) respectively as assessed with ascending paper radiochromatography. 

However, 

lower percentage of total labeled protein content (Table I, column B). This 

protein precipitation assay, similar to 99%c-fibrinogen, yields a 
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strongly tmggests the existance of a 9P”Tc-(Zr)citrate complex which was not separ- 

ated from labeled protein by paper radiochronrtography. Electrolyzed 9%c-Zr or 

S()mTc-(Zr)citrate complex as well as labeled proteins will not migrate in methanol 

medium and will remain at the origin. The chemical nature of these complex species 

has not been determined. ’*Tc-(Sn)citrate complex produced by electrolysis using 

tin electrodes has been reported in the literature. 21 
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Migration characteristic of (A) electrolyzed 9%c-Zr species 
at pH 1.5 as compared with (B) at pH 7.4 after pH adjustment 
with trisodium citrate/NaOA solution and addition of human 
serum. 9%c-pertechnetate will not migrate in electrophoresis 
but will diffuse into the buffered medium. 

Protein electrophoresis performed at various time intervals up to 4 hours af- 

ter the initial labeling procedure demonstrated that 9p”Tc is firmly bound to the 

protein moiety. Greater than 90$ of the radioactivity was found to be associated 

with the corresponding labeled protein fractions. The same radioactive electropho- 

retic protein bands were identical with unlabeled proteins. 

An average binding efficiency of ad (range 70-98s) wae obtained for 99%c- 

labeled anti-Staphylococcus aureus antibody. Data from immunological assays indi- 

cated no significant change in antibody activity after labeling process. The 
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labeled antibody w a s  e f fec t ive  against  the  antigen. 19 9 20 

DISCUSSION 

Figure 1. i l l u s t r a t e s  the migration charac te r i s t ic  of *Tc-Zr or ’%c-(Zr)- 

c i t r a t e  complex species a t  pH 1.5 and 7.4 conditions a f t e r  electrophoresis. The 

labeling mechanism is not known. In  the presence of pure plasma protein,  these 

complex species i n  both pH conditions w i l l  quickly disappear with the  rad ioac t iv i ty  

firmly bound t o  the  protein moiety. Protein binding by 9%c is assumed t o  involve 

the reaction of reduced 9%c-Zr or gP”Tc-(Zr)citrate complex with the  protein li- 

g a d .  Further evidence of high protein binding capacity of these complex species 

is seen by the addition of human serum t o  the  electrolyzed pH 7.4 99mTc-(Zr)citrate 

solution. Afer incubation at room temperature fo r  only 5 min, the rad ioac t iv i ty  is 

quickly rediatributed, presumably bound, t o  d i f fe ren t  protein fractions.  The same 

re su l t s  is seen with 1 hour samples (Fig. 1B). 

In vivo biological behavior of 9%c-fibrinogen and *Tc-gamma globulin has 

been investigated with laboratory animals. I n i t i a l  findings indicate that the  high- 

e s t  uptake of these labeled protein is seen i n  the  l i v e r  and kidneys. The biologi- 

ca l  half-l ives a re  also shor te r  than the  native plasma proteins. The shortened in-  

i t i a l  ha l f - l i f e  indicates that the  i n  vivo behavior of 9%o-labeled fibrinogen o r  

gamma globulin is modified. 

The biological property of 9%c-labeled serum albumin has not been determined 

i n  animals. 
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