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SUMMARY 

A 10 to 300 fold increase in specific activity has 
been realized in the microwave discharge activation (MOA) 
of tritium gas labeling of a variety of compounds, up to 
the Ci/mmol range by the use of a cellulose Millipore 
filter (CMF) as the labeling surface. New reaction 
systems have also been developed to accommodate these and 
other large samples as well as multiple samples. 

Key Words: Tritium Labeling, Microwave Discharge, Millipore Filter, Gonadotropin 
Releasing Hormone (GnRH), Tritium NMR. 

INTRODUCTION 

We have previously described a method of tritium labeling by microwave 

discharge activation of tritium gas (1-3) and have demonstrated its usefulness 

in the labeling of peptides and proteins for biological studies (4). However, 

to broaden its application, many attempts have been made to increase the 

specific activity by varying the reaction conditions, physical state of the 

sample and the nature of the reaction surface without significant success (1,5,6). 

We now wish to report 1) the use of d Nillipore filter as a labeling 

surface to attain high specific activity tritium labeled compounds; 2) a 

modified reaction vessel 

and 3) development of a teflon holder for the simultaneous labeling of up to 

$ to accommodate large Millipore filters (47 mm diam.); 

* 
Research performed under the auspices of the U.S. Energy Research and 
Development Administration. 

The increase in the size of the reaction area was from 0.8 cm2 to 16 cm2 in 
the modified reaction system. 
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t h r e e  M i l l i p o r e  adsorbed samples.  

a )  M a t e r i a l s  

GnRH w a s  ob ta ined  from N I H  (Abbott  l o t  # 19-192 a). L-Valine, L-prol ine 

and L-leucyl-L-tryptophyl-L-leucine were a l l  ob ta ined  from Schwarz/Mann. 

amino a c i d s  were used wi thou t  p u r i f i c a t i o n .  

chromatography on Dowex 50W-X2 c a t i o n  exchange r e s i n  wi th  p y r i d i n e  acetate (pyr/Ac) 

b u f f e r s  and l y o p h i l i z e d  p r i o r  t o  use. 

from M i l l i p o r e  Corporat ion.  

The 

The t r i p e p t i d e  w a s  p u r i f i e d  by 

The microporous f i l t e r s  were ob ta ined  

The column materials used i n  t h e  p u r i f i c a t i o n  of t h e  t r i t i u m  l a b e l e d  

samples were carboxymethyl c e l l u l o s e  (CM-22 Fib rous ,  Whatman) and Bio G e l  P-4 

(200-400 mesh, Bio Rad) f o r  p u r i f i c a t i o n  o f  GnRH. The H-70 and HP-B80 c a t i o n  

exchange r e s i n s  (7-lop) used i n  t h e  p u r i f i c a t i o n  of  t h e  amino a c i d s  and t h e  leu-  

t rp - l eu  t r i p e p t i d e  r e s p e c t i v e l y  w e r e  purchased from t h e  Hamilton Company. 

The aluminum r e a c t i o n  t r a y  w a s  p repa red  from 0.007" aluminum f o i l  by u s e  

o f  a s u i t a b l e  d i e .  The r e s u l t i n g  t r a y  w a s  45 mm i n  diameter  w i t h  3 mm h igh  

edge. The s u r f a c e  was roughened by s c r a t c h i n g  w i t h  an  a b r a s i v e  material. 

The g l a s s  r e a c t i o n  t r a y  w a s  of  s i m i l a r  dimensions as the aluminum and the 

s u r f a c e  w a s  roughened by s a n d b l a s t i n g .  

b )  Sample P r e p a r a t i o n  

Samples t o  b e  l a b e l e d  were d i s s o l v e d  i n  an a p p r o p r i a t e  amount of water 

such t h a t  200 p 1  con ta ined  t h e  d e s i r e d  amount of  s o l u t e .  The 200 p 1  w a s  t hen  

a p p l i e d  dropwise t o  an a p p r o p r i a t e  M i l l i p o r e  f i l t e r  and al lowed t o  permeate t h e  

f i l t e r  u n t i l  i t  w a s  completely we t t ed .  The water was then  evaporated under 

vacuum i n  a d e s i c a t o r  c o n t a i n i n g  s i l i c a  g e l .  

The g l a s s  and aluminum t r a y  samples were prepared e i t h e r  by p l a c i n g  t h e  

s o l i d  sample on t h e  t r a y  as a powderor  a water s o l u t i o n  c o n t a i n i n g  t h e  appropri-  

a t e  amount of s o l u t e  and evapora t ing  t h e  water s lowly.  

c )  Label ing System 

To accommodate the l a r g e  M i l l i p o r e  f i l t e r  (as w e l l  as l a r g e r  samples i n  

g e n e r a l )  t h e  r e a c t i o n  area as o r i g i n a l l y  d e s c r i b e d  (1) and modif ied by t h e  

i n s t a l l a t i o n  o f  l i g h t  t r a p s  ( 2 , 7 )  w a s  f u r t h e r  modif ied a s  shown i n  F igu re  1. A 
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FIGURE I .  MODIFIED TRITIUM LABELING REACTION 
AREA FOR LARGE SAMPLES 
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sample up t o  50 mm i n  diameter  could now be exposed. 

t h e  sp ray ing  of l i q u i d  n i t r o g e n  onto t h e  bottom of t h e  r e a c t i o n  s u r f a c e  under 

a p r e s s u r e  (4 p s i )  of n i t r o g e n  gas  (see F igu re  1). 

Cooling is e f f e c t e d  by 

To accommodate m u l t i p l e  M i l l i p o r e  adsorbed samples a new sample ho lde r  

w a s  a l s o  designed (Figure 2) which c o n s i s t s  of a t e f l o n  hemisphere (50 mm diam.) 

w i t h  v e r t i c a l  grooves (1 cm a p a r t )  t o  hold up t o  t h r e e  f i l t e r s .  Holes (1/8" i n  

diam., 1/16" a p a r t )  were then d r i l l e d  along t h e  grooves t o  f a c i l i t a t e  t h e  flow 

of t r ' i t i um gas around t h e  f i l t e r s .  A g l a s s  c a v i t y  w a s  designed t o  c o n t a i n  t h e  

t e f l o n  h o l d e r ,  w i th  t h e  dimensions such t h a t  both t h e  l a r g e  coo l ing  r e a c t i o n  

system (Figure 1) and t h e  m u l t i p l e  M i l l i p o r e  system (Figure 2)  are i n t e r -  

changeable i n  t h e  p r e s e n t  l a b e l i n g  system. 

i n  t h e  m u l t i p l e  l a b l e i n g  system. 

d )  Label ing Condit ions 

Sample coo l ing  cannot be e f f e c t e d  

Samples w e r e  l a b e l e d  under cond i t ions  s i m i l a r  t o  those  p rev ious ly  re- 

3 por t ed  (1) i .e .  30 w a t t s  o f  microwave power, 2Ci H 

t h e  c y c l i n g  pump p u l s i n g  a t  190 cycles/min. 

GnRH 1 5  min, v a l i n e  and l eu - t rp - l eu  5 min, and p r o l i n e  exposure v a r i e d  from 5-20 

minutes .  

e )  P u r i f i c a t i o n  

g a s  at  4 m Hg p r e s s u r e  and 2 

React ion t i m e s  were a s  fo l lows :  

GnRH was p u r i f i e d  by t h r e e  s e p a r a t e  chromatographic s t e p s .  1 )  Stepwise 

e l u t i o n  from CM-22 (10 c c  p i p e t t e )  i n i t i a l l y  wi th  0.01 M NH Ac pH4.5 t o  remove 

l a b i l e  t r i t i u m  and o t h e r  components t h a t  are n o t  s t r o n g l y  r e t a i n e d ,  fol lowed by 

0.0461 M NH Ac pH 4.5 t o  remove t h e  GnRH. 

4 

4 

The above recovered GnRH was then chromatographed on a 10 c c  p i p e t t e  2) 

column of CM-22 wi th  a g r a d i e n t  c o n s i s t i n g  o f  150 m l  each 0.002 M NH Ac and 

0 .1  M NH4Ac bo th  a t  pH 4.5. 

through t h e  g r a d i e n t  a t  a conductance equa l  t o  a s o l u t i o n  of 0.0461 M NH4Ac 

(3500 p mohs). 

peak, and t h e  r eg ion  of cons t an t  o r  n e a r  cons t an t  s p e c i f i c  a c t i v i t y  w a s  pooled 

f o r  f u r t h e r  p u r i f i c a t i o n .  

4 

The GnRH peak would e l u t e  approximately h a l f  way 

S p e c i f i c  a c t i v i t i e s  w e r e  taken i n  a s e r i a l  f a s h i o n  a c r o s s  t h e  

3 )  F i n a l  p u r i f i c a t i o n  w a s  c a r r i e d  ou t  by chromatography on a Bio Gel P-4 
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column (1.2 x 75 cm) i n  0 .1  N HCL. 

t o  e l u t e  beyond t h e  t o t a l  volume of t h e  column. 

Using I4C-glycine as a marker GnRH was shown 

Leu-trp-leu w a s  p u r i f i e d  by two s t e p  i o n  exchange chromatography. The 

pep t ide  w a s  chromatographed f i r s t  on a 10 cc p i p e t t e  column wi th  AG50W-X2 i n  a 

s t e p w i s e  f a sh ion  wi th  f i r s t  0 . 1  M p y r i d i n e  acetate (pH 3.15) then w i t h  2.0 M 

pyr/Ac (pH 5.0) t o  remove t h e  p e p t i d e .  Th i s  w a s  fol lowed by h igh  p r e s s u r e  

l i q u i d  chromatography (HPLC) on a HP-B80 c a t i o n  exchange r e s i n  (0.9 x 23 cm) 

wi th  a g r a d i e n t  c o n s i s t i n g  of  200 m l  each of  t h e  above 0.1 M ,  2.0 M b u f f e r s  a t  

5OoC and a f low rate  of 90 ml /h r .  

s i m i l a r l y  chromotographed on a 1 0  cc  p i p e t t e  column of AG 50W-X8 w i t h  0 .1  M 

pyr/Ac (pH 3.15) fol lowed by HPLC on a 55 x 0.9 cm H-70 c a t i o n  exchange r e s i n  

i n  0 .1  M pyr/Ac b u f f e r  a t  5OoC and a f low rate  of 90 ml /h r .  

The amino a c i d s  ( v a l i n e  and p r o l i n e )  were 

RESULTS AND DISCUSSION 

Comparative r e s u l t s  of  l a b e l i n g  on M i l l i p o r e s  v s  g l a s s  and aluminum 

s u r f a c e s  are shown i n  Table  1. Samples l a b e l e d  on aluminum showed l i t t l e  l a b e l -  

i n g  of  l eu - t rp - l eu  and = d e t e c t a b l e  l a b e l i n g  of GnRH. The g l a s s  s u r f a c e  proved 

moderately s u c c e s s f u l  e s p e c i a l l y  i n  t h e  l a b e l i n g  o f  GnRH a t  t h e  100 pg l e v e l .  

The M i l l i p o r e  l a b e l i n g ,  however, produced a 40 t o  300 f o l d  i n c r e a s e  i n  s p e c i f i c  

a c t i v i t y  compared t o  t h e  g l a s s  ( o r  aluminum) r e a c t i o n  s u r f a c e s  r e s u l t i n g  i n  

s p e c i f i c  a c t i v i t i e s  up t o  t h e  Ci/mmol range f o r  bo th  p e p t i d e s  and i n  t h e  t e n t h s  

of  Ci/mmol range f o r  t h e  amino a c i d s .  

Seve ra l  parameters  of  t h e  M i l l i p o r e  l a b e l i n g  have been i n v e s t i g a t e d ,  i . e .  

e f f e c t  of vary ing  t h e  type  of  M i l l i p o r e ,  po re  s i z e  and amount o f  sample. 

GnRH was l a b e l e d  on bo th  c e l l u l o s e  and S o l v i n e r t  ( f luo roca rbon)  M i l l i p o r e  

f i l t e r s .  The c e l l u l o s e  f i l t e r  w a s  found t o  be  s u p e r i o r  t o  t h e  S o l i v i n e r t  f i l t e r ,  

p o s s i b l y  due t o  hydrophobic i n t e r a c t i o n s  i n  t h e  f luo roca rbon  f i l t e r .  (Samples 

65,7). 

The e f f e c t  of  po re - s i ze  of  t h e  M i l l i p o r e  f i l t e r  w a s  i n v e s t i g a t e d  i n  t h e  

l a b e l i n g  of valine on t h e  47 mm d iame te r  CMF wi th  1.2, 0.45, 0.22 pm pore  s i z e s .  

As expected the l a r g e  po re - s i ze  (1.2 um) gave t h e  lowest  s p e c i f i c  a c t i v i t y  (sample 

116) of  t h e  t h r e e  M i l l i p o r e s ,  presumably due t o  t h e  decreased s u r f a c e  area. 



3
 

0
 

T
ab

le
 1

. 
C

om
pa

ra
ti

ve
 T

ri
ti

u
m

 L
ab

el
in

g 
U

si
ng

 M
il

li
p

o
re

 F
il

te
rs

 v
s.

 
G

la
ss

 
an

d 
A

lu
m

in
um

 R
ea

ct
io

n 
S

u
rf

ac
es

 
e.
 z 

L
ab

el
ed

 
L

ab
el

ed
 

A
ct

iv
it

y
 

S
p

ec
if

ic
 

d
 

m
C

i/m
m

ol
 

A
ct

iv
it

y
 

m 

R
ea

ct
io

n 
S

u
rf

ac
e 

S
p

ec
if

ic
 

R
el

at
iv

e 
2 

Sa
m

pl
e 

C
om

po
un

d 
A

m
ou

nt
 

Q
 

e.
 

(m
g)

 

1
 

G
nR

H
a 

2 3 4 5 6 7 8 9 1
0

 
L-

Le
u-

L-
Tr

p-
L-

Le
u 

11
 

1
2

 
1

3
 

1
4

 
L

-V
al

in
e 

1
5

 
1

6
 

1
7

 
1

8
 

19
 

20
 

21
 

22
 

L
-P

ro
li

ne
 

1.
32

 
0.

42
 

1.
00

 
0.

10
 

0.
42

 
1.

04
 

0.
42

 
0.

10
 

0.
43

 

0.
96

 
1

.6
1

 
0.

70
 

0.
80

 

5.
33

 
0.

83
 

0.
80

 
0.

80
 

0.
80

 

5.
56

 
0.

95
 

0.
50

 
0.

50
 

al
um

in
um

 R
x 

tr
ay

 (
45

 m
m)

 
g

la
ss

 f
ib

e
r 

fi
lt

e
r 

(2
5 

mm
 

di
am

) 
g

la
ss

 R
x 

tr
ay

 (
45

 m
m)

 
g

la
ss

 R
x 

tr
ay

 (
45

 m
m)

 
S

o
lv

in
er

t 
M

il
li

p
o

re
 (

0.
22

 
vm

 x
 2

5 
mm

) 
ce

ll
u

lo
se

 M
il

li
p

o
re

 
(0

.2
2 

pm
 

x 
25

 m
m)

 
ce

ll
u

lo
se

 M
il

li
p

o
re

 0
.2

2 
pm

 x
 

25
 m

m 
ce

ll
u

lo
se

 M
il

li
p

o
re

 0
.2

2 
urn

 x
 

25
 m

m 
ce

ll
u

lo
se

 M
il

li
p

o
re

 0
.4

5 
um

 x
 4

7 
mm

 

al
um

in
um

 R
x 

tr
ay

 (
45

 m
m)

 
g

la
ss

 R
x 

tr
ay

 (
45

 m
m

) 
g

la
ss

 R
x 

tr
ay

 (
45

 m
m)

 
ce

ll
u

lo
se

 M
il

li
p

o
re

 0
.2

2 
urn

 2
5 

mm
 

g
la

ss
 R

x 
tr

ay
 (

45
 m

m
) 

ce
ll

u
lo

se
 M

il
li

p
o

re
 

(0
.2

2 
um

 x
 2

5 
mm

) 
ce

ll
u

lo
se

 M
il

li
p

o
re

 
(1

.2
 

urn
 x

 4
7 

mm
) 

ce
ll

u
lo

se
 M

il
li

p
o

re
 (

0.
22

 
um

 x
 4

7 
mm

) 
ce

ll
u

lo
se

 M
il

li
p

o
re

 
(0

.4
5 

um
 x

 4
7 

mm
) 

g
la

ss
 R
x 

tr
ay

 (
45

 m
) 

ce
ll

u
lo

se
 M

il
li

p
o

re
 

(0
.2

2 
vm

 x
 

47
 m

m)
; 

ce
ll

u
lo

se
 M

il
li

p
o

re
 

(0
.4

5 
um

 x
 4

7 
mm

lc 
ce

ll
u

lo
se

 M
il

li
p

o
re

 
(0

.4
5 

ur
n 

x 
47

 m
) b 

u
n

la
b

el
ed

 
13

.7
 

17
.0

 
25

5 

64
 7 

21
63

 

35
00

 

27
 

9
1

 
17

4 

48
3 

31
82

 

10
88

 

0.
29

6 
12

.7
 

14
.7

 
59

.7
 

87
.4

 

2.
4 

30
4d

 
64

d 

44
3 

0.
0 

1
.0

 
1.

2 
19

 
35

 
47

 
15

8 
23

2 
25

5 1
.0

 
3.

4 
6.

4 
40

 1.
0 

43
 

50
 

20
2 

29
6 1.

0 
27

 
12

7 
18

5 

2n
R

H
 i

s
 t

h
e 

d
ec

ap
ep

ti
d

e 
py

ro
Gl

u-
Hi

s-
Tr

p-
Se

r-
Ty

r-
Gl

u-
Le

u-
Ar

g-
Pr

o-
Gl

yN
H2

, 
go

na
do

tr
op

in
 r

el
ea

si
n

g
 h

or
m

on
e.

 

'3 
sa

m
pl

es
 c

om
bi

ne
d 

in
 T

ef
lo

n 
ce

ll
u

lo
se

 M
il

li
p

o
re

 h
o

ld
er

. 

d
ce

n
tr

al
 c

el
lu

lo
se

 M
il

li
p

o
re

 w
as

 a
pp

ro
xi

m
at

el
y 

50
%

 g
re

at
er

 t
h

an
 e

it
h

e
r 

of
 

th
g

 o
th

er
 s

am
pl

es
. 

0.
22

 
pm

 
is

 t
h

e 
p

o
re

-s
iz

e,
 

25
 m

m 
th

e 
d

ia
m

et
er

 o
f 

th
e 

fi
lt

e
r.

 

ce
ll

u
lo

se
 M

il
li

p
o

re
s 

in
 t

h
e 

h
o

ld
er

 w
as

 d
et

er
m

in
ed

. 

T
ri

ti
u

m
 d

is
tr

ib
u

ti
o

n
 s

tu
d

ie
s 

w
er

e 
ca

rr
ie

d
 o

u
t 

on
 t

h
es

e 
sa

m
pl

es
 b

y 
m

ea
ns

 o
f 

H 
NM

R.
 

T
he

 s
p

ec
if

ic
 a

c
ti

v
it

y
 d

is
tr

ib
u

ti
o

n
 o

f 
th

e 
3 

in
d

iv
id

u
al

 
T

he
 o

u
te

r 
sa

m
pl

es
 w

er
e 

eq
u

iv
al

en
t 

to
 e

ac
h 

o
th

er
 a

nd
 t

h
e 

k
J
 

U
 

-4
 



278 R. Ehrenkaufer, A.P. h'olf and W.C. PcrnbPee 

I n c r e a s e s  compared t o  t h e  1 .2  um f i l t e r  were observed on t h e  s m a l l e r  pore-s ize  

f i l t e r s .  However, unexpectedly,  v a l i n e  l a b e l e d  on 0.45 um CMF had n e a r l y  a 50% 

g r e a t e r  s p e c i f i c  a c t i v i t y  than on 0.22 pm f i l t e r  (samples 1/17, 18). This  i s  pro- 

bably due t o  t h e  f a c t  t h a t  t h e  s u r f a c e  a r e a  of t h e  M i l l i p o r e  f i l t e r  i s  not  only 

r e l a t e d  t o  pore-s ize  b u t  t h e  number of po res  i n  t h e  f i l t e r  as w e l l .  

The s p e c i f i c  a c t i v i t y  dependence on t h e  amount of sample l a b e l e d  was 

determined wi th  GnRH. 

p rogres s ive ly  s m a l l e r  amounts of sample were l a b e l e d .  (samples #6-8). 

This is  a l s o  a t t r i b u t e d  t o  an i n c r e a s e  i n  e f f e c t i v e  s u r f a c e  a r e a  of t h e  

The s p e c i f i c  a c t i v i t y  was found t o  i n c r e a s e  l i n e a r l y  as 

sample when going t o  lower m o u n t s  of sample,  and h a s  been observed on g l a s s  

r e a c t i o n  s u r f a c e s  as w e l l  (samples t 3 ,  4 ;  s e e  a l s o  r e f  1). 

Many samples l a b l e d  by t h i s  novel  technique have no t  onlv been of h ighe r  

s p e c i f i c  a c t i v i t y  than p rev ious ly  a t t a i n a b l e ,  b u t  a l s o  were cons ide rab ly  easier 

t o  p u r i f y  than when l a b e l e d  on o t h e r  s u r f a c e s  ( i . e .  g l a s s  and aluminum), 

i n d i c a t i n g  t h e  formation of g r e a t l y  reduced amounts of t r i t i a t e d  i m p u r i t i e s  on 

t h e  M i l l i p o r e  f i l t e r s .  
* 

CONCLUSION 

F i r s t ,  a gene ra l  method of high s p e c i f i c  a c t i v i t y  l a b e l i n g  o f  p e p t i d e s  

and p r o t e i n s  as w e l l  as s m a l l  molecules (i.e. drugs e t c .  which cannot b e  l a b e l e d  

by common s y n t h e t i c  o r  exchange techniques)  now appears  t o  be a c c e s s i b l e  by t h e  

use  of M i l l i p o r e  f i l t e r s  as t h e  l a b e l i n g  s u r f a c e  i n  t h e  MDA l a b e l i n g  method. 

Second, samples l a b e l e d  by t h i s  method should be of s u f f i c i e n t l y  h igh  s p e c i f i c  

a c t i v i t y  t o  perform l a b e l i n g  d i s t r i b u t i o n  s t u d i e s  by t h e  use  of tritium n u c l e a r  

magnetic resonance ( H NMR). S t u d i e s  c u r r e n t l y  i n  p rogres s  i n  c o l l a b o r a t i o n  

with D r .  Lawrence J. Altman a t  t h e  S t a t e  U n i v e r s i t y  of New York a t  

+ 

3 

* 
It i s  a l s o  p o s s i b l e  t h a t  t h e  l a b e l e d  by-products may be p h y s i c a l l y  or 
chemical ly  t rapped or bound t o  t h e  c e l l u l o s e  s u r f a c e .  

'It i s  r e a l i z e d  t h a t  p r o l i n e  and v a l i n e  a r e  r e a d i l y  a v a i l a b l e  commercially 
in h igh  sp .  a c t .  We have, however, s u c c e s s f u l l y  l a b e l e d  o t h e r  s m a l l  
molecules  ( i . e .  Pyrazofurin)  c u r r e n t l y  being used i n  b i o l o g i c a l  s t u d i e s ,  
of o t h e r  p e p t i d e s  and p r o t e i n s  ( i . e .  g a s t r i n  and lysozyme, r e s p e c t i v e l y  
h a s  a l s o  been accomplished. 
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$ Stony Brook on the tritium distribution of proline (samples #21,22) labeled by 

this method have supplied us with structural information on labeled proline. 

The use of 

of MDA labeled materials. These results will be published elsewhere. 

3 H NMR appears to be useful analytical tool for structural analysis 
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