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The addition of thrombin to canine fibrino- 
gen results in the loss of several peptides 
which contain tyrosine residues (1-3). In  the 
labeling of fibrinogen with iodine ( 1311), 
these residues are iodinated. An exact knowl- 
edge of this loss of iodotyrosine-containing 
peptides during the canine fibrinogen-fibrin 
transformation is essential for interpreting 
the results of fibrinogen-turnover studies and 
for the quantitation of fibrinogen concentra- 
tion by an isotope dilution technique (4, 5). 
Regoeczi and Walton (6) have reported that 
approximately 11% of the 1251 label incorpo- 
rated into canine fibrinogen is lost during 
coagulation due to thrombin addition, where- 
as, Zetterquist ( 7 )  has reported a loss of 16%. 

This communication reports the results of 
experiments to determine both the radioac- 
tivity and the amount of tyrosine in highly 
purified 1311-labeled canine fibrinogen as well 
as in the fibrin collected from this fibrinogen 
after throlmbin addition. From the differences 
between these results on fibrinogen and 
fibrin, both the losses of radioactivity and 
tyrosine can be calculated. These experiments 
were undertaken, therefore, not only to 
quantitatively determine the loss of radioac- 
tivity during the fibrinogen-fibrin transforma- 
tion but also to establish the relationship 
between this isotope loss and the simultane- 
ous loss of tyrosine. 

Methods. A .  Fibyinogen preparation. The 
fibrinogen used in this study was isolated 
from the plasma of mongrel dogs by the 
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method of Atencio e f  al. (8). The purified 
fibrinogen was dialyzed against four 1-liter 
portions of 0.005 M sodium citrate over a 
40-hr period at 4' to remove both the ammo- 
nium sulfate and any cold insoluble material. 
After dialysis, the fibrinogen solution was 
clarified by centxifugation and the concentra- 
tion determined by the measurement of the 
optical density a t  2801 mp and the use of the 
extinction coefficient (E0;;z = 1.583) de- 
termined for the dog (9). 

B. 1311-labeling procedure. A volume of the 
fibrinogen solution containing approximately 
10 mg was iodinated by the iodine monochlo- 
ride method (8, 10) at a mean substitution 
level of 0.5-1 .O atoms 1311/fibrinogen mole- 
cule. The free 1311 was reduced to less than 
1 %  of the activity in association with the 
protein by repeated dialysis against 0.005 M 
sodium citrate. 

C. Coagulability measurements. 1. Ultravi- 
olet absorption at 280 mp. The coagulability 
of the purified and labeled canine fibrinogen 
was determined by measurement of the UV 
absorption a t  280 mp as described by Atencio 
et al. (8). 

2. Radioactive measurements. Coagulabili- 
ty can also be measured as the percentage of 
the radioactivity of the labeled fibrinogen 
preparation which remains in association with 
fibrin aftetr thrombin addition. This recovery 
of the radioactivity in the clot was deter- 
mined by following each of two procedures 
used in this laboratory for the quantitative 
determination of fibrinogen: (a) an isotope- 
dilution method (8) ; and (b) a colorimetric 
method (11). 

a. Clot tilng procedure for isotope-dilution 
method. To 4.5 ml of 0.005 M sodium citrate 
was added 0.5 ml of the labeled fibrinogen, 
and the fibrinogen was precipitated by the 
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addition of 1.7 ml of 4 M (NH4)2S0.+ The 
precipitate was washed once with 1 M 
(NH4)2S04 and then dissolved in 4 ml of 
0.005 M sodium citrate. An 1.0-ml portion of 
this solution was counted for 1311 activity ( r l ,  
cpm) in a well-type scintillation counter 
(Packard Instrument Co., Downers Grove, 
Ill.). After the counting of rl, 2 ml of 0.005 
M sodium citrate and 0.2 ml of a thrombin 
(Parke Davis Co., Inc., Detroit, Mich.) solu- 
tion (containing 4 NIH units) were added to 
the 1.0 ml of fibrinogen solution in the count- 
ing tube. The fibrin was carefully collected on 
a glass rod. After the removal of the fibrin- 
containing glass rod, the remaining liquid in 
the counting tube was centrifuged and 1 ml 
was counted for I3lI activity. The total activi- 
ty in the clot supernatant (r2, cpm) was 
determined by correcting for the dilution. 
The fibrin on the glass rod was rinsed with 
distilled water with care being taken not to 
dislodge the fibrin mass. The fibrin was then 
dissolved into 4 ml of a freshly prepared 
alkaline urea solution (40% urea dissolved in 
0.2 N NaOH) and the 1311 activity was deter- 
mined in a 1.0 ml sample. The total activity 
in association with the fibrin (r3, cpm) can 
thus be calculated. The percentage of radi- 
oactivity recovered in the fibrin clot after the 
clotting procedure used in an isotope- 
dilution method is calculated as: 

c = ( :) 100. (1) 

b.  Clolting procedure for colorimetric 
method. To graduated 40-ml glass centrifuge 
tubes was added 0.5 ml of finely pulverized 
glass (Scientific Glass Apparatus Co., Bloom- 
field, N. J., Pyrex 20-80 mesh), 10 ml 
of 0.9% NaCl, 0.5 ml of the labeled fibrino- 
gen preparation (containing a total radioac- 
tivity of r1 cpm) and 0.1 ml of a thrombin 
solution containing a total of 15 NIH units. 
The 40-ml centrifuge tube was gently swirled 
until the fibrin was intertwined in the 
ground glass. Several minutes later, the tube 
was swirled again for further collection of the 
fibrin. This procedure was repeated several 
times until there appeared to be no further 
collection of the fibrin. After centrifugation to 
compress the clot into the ground glass, 1 ml 

of the clot supernatant was counted for 13'1 
activity and the total activity in the superna- 
tant ( r 2 )  was calculated by correcting for the 
dilution. The remaining supernatant fluid was 
then discarded and the fibrin collected on the 
ground glass was washed five times with 
15-ml volumes of 0.9% NaCl, with care being 
taken not to lose any of the fibrin. After the 
addition of 1 ml of a 10% NaOH solution, the 
tube was placed into a boiling water bath for 
exactly 10 min. After the removal of the 
tube from the water bath, 10 ml of distilled 
water was added to the tube and mixed with 
the hydrolyzed fibrin. The tube was allowed 
to come to room temperature and the volume 
in the tube was brought up to 25 ml (in- 
cluding the 0.5 ml of pulverized glass) with 
distilled water and the contents were mixed 
thoroughly. One ml of this solution was 
counted for radioactivity and the total activi- 
ty in association with the fibrin (r3)  was 
calculated by correction for the dilution 
(24.5 ml). The total activity contained in ~ 3 ,  

when expressed as the percentage of the ac- 
tivity contained in the original 0.5-ml sample 
( r , )  gives the recovery of radioactivity in 
the fibrin clot after the clotting procedure 
used in a colorimetric method [see Eq. (1) 
above]. 

3 .  Tyrosine deJerminations. Tyrosine in 
the purified fibrinogen and fibrin preparation 
was determined by a colorimetric method 
routinely used for the quantitation of fibrino- 
gen ( 11) which makes use of the procedure 
described by Folin and Ciocalteu (12) for 
the measurement of tyrosine in proteins. The 
amount of tyrosine in a protein is determined 
by reference to a standard curve constructed 
from known amounts of purified tyrosine. 

a. Tyrosine in purified fibrinogen and 
fibrin. Aliquots containing identical amounts 
of purified fibrinogen were pipetted into two 
40-ml graduated glass centrifuge tubes con- 
taining 0.5 ml of pulverized glass and 10 ml 
of 0.9% NaC1. Thrombin was added to one of 
the centrifuge tubes and the fibrin was col- 
lected and washed as described above (C, 
2b). To each tube, one containing the 
purified fibrinogen and the other containing 
the washed fibrin from an identical aliquot, 
was added 1.0 ml of a 10% NaOH solution 
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and both were placed into a boiling water 
bath for 10 min to hydrolyze the protein. 
After the hydrolysis, addition of distilled 
water, and adjustment to room temperature, 
the content of each tube was quantitatively 
transferred into a 25-ml volumetric flask. 
Care was taken to assure that the volume in 
the flask did not exceed approximately 20 ml. 
To the flask was then added 3.0 ml of 20% 
Na2C03 solution, followed by 1.0 ml of 2 N 
phenol reagent solution (Fisher Scientific 
Co., Springfield, N. J.) and the time of the 
phenol reagent addition was carefully noted. 
The content of the flask was mixed carefully 
after each addition and the volume was final- 
ly adjusted to 25  ml with distilled water. The 
color of the solution was allowed to develop 
for exactly 30 min, a t  which time the optical 
density was measured at  650 mp on a Model 
B spect rophotometer ( Beckman Instrument 
Co., Fullerton, Calif.) against a blank con- 
taining no fibrinogen but carried through the 
entire procedure outlined above. 

b. Standard tyrosine curve. Two hundred 
mg of purified tyrosine (Sigma Chemical Co., 
St. Louis, Mo.) were dissolved in 1 liter of 
0.1 N HC1. Aliquots containing 0.02-0.18 mg 
of this amino acid were pipetted into 25-ml 
volumetric flasks. To each flask was added 1 
ml of 10% NaOH, 3.0 ml of 20% Na2C03, 1 
ml of 2 N phenol reagent, followed by dis- 
tilled water to blring the volume to 25.0 ml. 
All optical densities were measured at exactly 
30 min after the addition of phenol reagent, 
and the readings are related to the quantities 
of tyrosine (mg) added to the 25-ml flasks. 

D. Nitrogen quad ta t ion .  Fibrinogen was 
quantitated by determination of total nitro- 
gen (13). The fibrinogen-containing solu- 
tions, blanks, and standard solutions contain- 
ing known amounts of protein nitrogen (Pro- 
tein Standard Solution, Lot No. C4508, Ar- 
mour Pharmaceutical Co., Kankakee, Ill., 
distributed by Fisher Scientific Co., Spring- 
field, N. J.) were pipetted into Kjeldahl 
flasks containing approximately 500 mg 
of a mixture of K$04 and mercuric sul- 
fate (as a catalyst) and 1 ml of concen- 
trate HzS04, and the flask contents were di- 
gested for 3 hr. The distillation was per- 
formed with a thiosulfate-containing NaOH 

solution, and approximately 50 mg of pow- 
dered zinc were added to each flask to free 
m y  nitrogen which might be present as a 
complex salt of mercury. The distillate was 
collected in a boric acid solution containing a 
mixture of brolmocresol green and vital red 
as indicator. Tiltration was performed with 
0.01 N HCl, and the samples containing 
known amounts of protein nitrogen were used 
to standardize the end point color m d  thus 
to make any correction on the titration v d -  
ume of the fibrinogen samples, which might 
resulit from inconsistencies in end point judg- 
ment from one series of experiments to an- 
other. A factor of 5.92 is used to convert the 
nitrogen content to fibrinogen concentratioa. 
This factor is obtained from the percentage 
of nitrogen (16.9%) in human (14), bovine 
(15),  and canine fibrinogen (to be pub- 
lished). 

Results. A .  Coagulability b y  ultraviolet 
measurement. The coagulability of canine 
fibrinogen by UV measurement at 280 mp on 
10 samples has an average value of 95.1 _t 

1.5%. The individual and average values as 
well as standard deviations are listed in Ta- 
ble I. 

B. Coagulability b y  radioactivity measure- 
ment. a. Clotting procedure for isotope- 
dilution method. The individual and average 
values for the percentage of the radioactivity 
present on the fibrinogen molecule which can 

TABLE I. Coagulability By UV Measurement." 

1 0.315 
2 0.315 
3 0.315 
4 0.315 
5 0.315 
6 0.315 
7 0.315 
8 0.315 
9 0.315 

10 0.315 

Mean 
SD 

0.013 
0.016 
0.013 
0.013 
0.024 
0.015 
0.013 
0.024 
0.014 
0.009 

0.015 

95.9 
94.9 
95.9 
95.9 
92.4 
95.2 
95.9 
92.4 
95.6 
97.1 

95.1 
1.5 

a d,, optical density of original fibrinogen solu- 
tion; d,, optical density of the supernatant fluid af- 
ter fibrin removal; d ,  optical density of the throm- 
bin added to  a blank; Cuy 100-100(d2--d,)/d~. 
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TABLE 11. Coagulability By Radioactivity Measurement. 

1 83.G 
2 85.2 
3 83.8 
4 8G.0 
5 84.0 
6 83.1 
7 84.9 
8 85.5 
9 84.6 

10 89.6 

Mean 85.0 
& SD 1.8 

15.4 
15.3 
15.7 
15.5 
15.7 
15.8 
15.4 
15.4 
15.2 
15.4 

15.5 
0.2 

99.0 
100.5 
99.5 

101.5 
99.7 
98.9 

100.3 
100.9 
99.7 

105.0 

100.5 
1.8 

79.3 
s4.1 
82.7 
84.5 
85.1 
86.6 
87.5 
86.0 
85.6 
89.G 

85.1 
3.8 

18.5 
18.0 
17.3 
17.2 
17.1 
16.7 
17.1 
1'7.0 
16.5 
17.5 

17.3 
0.6 

97.8 
102.1 
100.0 
101.7 
102.2 
103.3 
104.6 
103.0 
102.1 
107.1 

105.4 
2.5 

be recovered in fibrin as well as in the 
supernatant fluid resulting from clot removal 
are listed in Table 11. The percentage of the 
fibrinogen radioactivity recoverable in fibrin 
is 85.0 t 1.8%, and in the supernatant fluid 
is 15.5 t 0.2%. The total radioisotope recov- 
ered thus averages 100.5 t 1.8%. 

b. Clotting procedure for colorimetric 
method. The individual and average average 
values for the percentage of the fibrinogen 
radioactivity present in fibrin and in the su- 
pernatant fluid obtained in a colorimetric 

0.3 

method are also listed in Table 11. The fibrin 
contains 85.1 t 2.8% of the activity present 
in fibrinogen and 17.3 t 0.6% remains in the 
supernatant fluid, with a total of 102.4 t 
2.5% of the initial activity being recoverable. 

C .  Tyrosine determinations. 1. Standard 
curve. The optical density a t  650 mp of solu- 
tions containing 0.02-0.18 mg of purified 
tyrosine/25.0 ml are plotted in Fig. 1 .  Least- 
square analysis of the data points reveals 
that the equation y = 2.557~ is the line of 
best fit with a correlation coefficient of 

0.0 0.04  0.08 0.12 0.16 

FIG. 1. The optical density a t  650 mp of purified tyrosine in 25-m1 fluid volume. Each point 
represents the average of six determinations. The least-square analysis equation of best fit is y = 
2 . 5 5 7 ~  with a correlation coefficient of 0.9997. All densities were determined exactly 30 min after 
color development. 
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0.9997. The milligrams of tyrosine in (a) a 
fibrinogen sample; or (b) in the fibrin col- 
lected after thrombin addition to an identdcal 
fibrinorgeln sample, both contained in a 25-ml 
volwme, can thus be obtained from the mea- 
surement of the optical density a t  650 mp 
and the use of this value of 2.5 5 7. 

The time for color devedopment (30 min) 
was established by scanning these tyrosine 
and hydrolyzed fibrinolgen solutions from 550 
to 800 mp (Beckman ratio recording spec- 
trophotometer model DK 11) a t  different 
times after the addition of the phenol reagent. 
Figure 2 shows the results of one such experi- 
ment, in which the optical density of both 
solutions increased to a maximum value at  
approximately 10-15 min after the addition 
of the phenol reagent and remained reason- 
ably stable up to approximately 40 min. The 
30-min time allowed for color development is 
thus sufficient to reach a stable value for the 
purified tyrosine, and tyrosine liberated from 
fibrinogen by alkaline hydrolysis. As shown 
the peak of absorption (Fig. 2 )  occurred at  
approximately 740 mp in each case instead of 
650 mp, the wavelength commonly used for 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0.0 

0.4 

0.3 

0.2 

0 3  

0 2  

WAVELENGTH I - + )  

FIG. 2. The optical densities from 550 to 800 mp 
of a purified canine fibrinogen (1.5 mg/25 ml) and 
purified tyrosine (0.11 mg/25 ml) a t  2, 5 ,  10, 
15-20-3Q-40 min after color development. Note that 
the curves rise to a maximum value at  approximate- 
ly 15 min after phenol addition and also that the 
maximum peak of absorption occurs a t  approximate- 
ly 740 mp. 

FIG. 3 .  The optical 

8 8 8 
0.0 1 .o 2.0 3.0 4 .O 

FIBRINOGEN ( m g 1 2 5 m l )  

density of purified canine fibrinogen dissolved in 25 ml ( 0  ) ;  and of the 
fibrin, collected from an identical fibrinogen-containing solution after the addition of thrombin, also 
contained in 25 ml (0) plotted against the measured amount of fibrinogen. (-, - - - )  
represent the least-square analysis best fit to the experimentally determineid points. The correlation 
coefficient between OD and fibrinogen concentration for the fibrinogen-containing samples is 0.998 
anld for the fibrin-containing samples is 0.997. 
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tyrosine determination in the quantitation of 
fibrinogen ( 1 1 ) . 

2. Tyrosine determination on jibrinoge rL- 

and fibrin-containing solutions. The optical 
density of varying amounts of purified canine 
fibrinogen dissolved in 25  ml and the optical 
density of the fibrin collected from the same 
amounts of fibrinogen and dissolved in 25 
ml are both plotted in Fig. 3 as a function of 
the amount of fibrinogen calculated from ni- 
trogen determination. The equation de- 
scribing the best fit to the fibrinogen data 
calculated from least-square analysis is y = 
0.1961% + 0.036 with a correlation coefficient 
of 0.998, and for the fibrin data is y = 
0 . 1 7 3 6 ~  + 0.017 with a correlation coefficient 
of 0.997. The curves are lineair over the range 
of fibrinogen studied and do not pass 
through the origin. 

If each value of optical density in Fig. 3 is 
corrected for the intercepts and then divided 

by 2.557, the amount of tyrosine present in 
the fibrinogen as well as the resulting fibrin is 
obtained (Table 111). The  percentage of the 
tyrosine which is retained in fibrin is 89.4 t 
4.8%. The percentage of the tyrosine which 
is lost during the fibrinogen-fibrin trans- 
formation thus averages 10.6 (Table 111). 

Discussion. The fibrinogen preparations 
used in this study were high in purity as can 
be seen from the UV coagulability a t  280 mp. 
This average value of 95.1% of thrombin- 
coaylable protein observed in this study has 
been routinely observed for canine fibrinogen 
and agrees well with the coagulability deter- 
mined by other methods on similarly purified 
clog fibrinogen preparations ( 16). 

Utilizing this purified canine fibrinogen 
and the two clotting procedures described i t  
has been shown that, on the average, 16% of 
the radioiodine in association with the 
fibrinogen molecule is set free into the super- 

TAELE IIJ. Co:igulability By Tyrosine Measurements. 

Fibriiiogen 
Sample (11%) 

Tyrosine (nig)  Tyrosine % 
retaiiicd 
in fillrin 

Tyrosiiic 70 
lost 

1 

2 

5 

(i 

7 

8 

9 

10 

Mean 
& SD 
Range 

0.650 

0.975 

1.270 

1.890 

1.925 

2.400 

2.510 

2.900 

3.1 60 

3.320 

0.04(i 
0.047 

0.073 
0.074 

0.097 
0.096 

0.150 
0.147 

0.1 58 
0.149 

0.189 
0.185 

0.191 
0.192 

0.228 
0.226 

0.226 
0.238 

0.252 
0.259 

0.045 
0.045 

0.060 
0.063 

0.092 
0.090 

0.141 
0.136 

0.197 
0.123 

0.1 63 
0.166 

0.1 69 
0.177 

0.197 
0.196 

0.205 
0.214 

0.227 
0.228 

97.8 
95.7 

82.2 
85.1 

94.9 
93.8 

94.0 
92.5 

80.4 
82.6 

86.2 
89.7 

88.5 
92.2 

86.4 
86.7 

90.7 
89.9 

90.1 
88.0 

89.4 
4.8 

8 0.4-9 7.8 

2.2 
4.3 

17.8 
14.9 

5.1 
6.2 

6.0 
7.5 

19.6 
17.4 

13.8 
10.3 

11.5 
7.8 

13.6 
13.3 

9.3 
10.1 

9.9 
12.0 

10.6 
4.8 

2.2-1 9.6 
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natant fluid during the fibrinogen-fibrin 
transformation after thrombin addition. The 
average value found in this study agrees 
closely with the value of 16% reported by 
Zeltterquist (7).  I t  would thus appear that 
approximately 84% of the total radioisotope 
present in labeled canine fibrinogen is re- 
tained in the fibrin resulting from thrombin 
addition, a t  least a t  the mean substitution 
levels used in these studies: 0.5-1.0 atom of 
1311/molecule of fibrinogen in the present 
study, and 0.8-2.7 atom/molecule in the 
study of Zetterquist ( 7 ) .  

The finding that approximately 10.6% of 
the tyrosine of canine fibrinogen is present in 
the peptides split off after thrombin addition 
suggests that at  least this percentage of iso- 
tope loss can be accounted for as iodotyro- 
sine. This value agrees closely with the value 
of 11.1% isotope loss reported for canine 
fibrinogen by Regoeczi and Walton (6).  
These authors postulated that this isotope 
loss could be accounted for by the presence 
of 2 nonsulfated tyrosine residues present in 
the B peptide. This was based on (the obser- 
vation that sheep and goat fibrinogen, which 
are known to contain 1 free and 1 sulfated or 
esterified tyrosine, shows a 5.6% loss of iso- 
tope after thirombin addition. This postulate 
was confirmed by the work of Osbahr et al. 
(3) who found that 3 peptides are released 
from canine fibrinogen, one of which (pep- 
tide 111) is exactly similar in amino acid 
sequence to peptide B of other workers (1),  
but contained 2 nonesterrified tyrosine res- 
idues. Zetterquist ( 7 )  reported that 9% of the 
isotope loss can be irecovered in association 
with the split-off peptides and this also agrees 
with the 10.6% tyrosine loss observed in this 
study. The work of Zetterquist ( 7 )  defines 
the B peptide as being made up of two com- 
ponents: B1 containing 1 free and 1 sulfated 
tyrosine, and B2 which contains 2 sulfated 
tyrosine residues. These data conflict with 
that of Osbahr et al. (3) and places in ques- 
tion the actual state of the tyrosines which 
are split off from canine fibrinogen. The state 
of the tyrosine residues in an important 
point which should be firmly established 
since both Zetterquist ( 7 )  and Regoeczi and 
Walton (6) have found that sulfated tyro- 

sines are not labeled during the iodination 
procedure. 

The remaining 4-576 of tlhe total isotope 
which is lost from canine fibrinogen after 
thrombin addition, but which is unaccounted 
for by quantitation with tyrosine loss may be 
in association with the histidine residue 
present in peptide B. The presence of mono- 
iodohistidine has been demonstrated by thin- 
layer chromatography of an alkaline hy- 
drolysate of fibrinopeptide B1 ( 7 ) .  A possible 
explanation of why Regoeczci and Wallton 
(6) did not report a total of 16% may be 
because the mean substitution level of iodine 
was the lowest (<0.5 atoms/fibrinogen mole- 
cule) of the three studies and the histidines 
may thus not have been labeled. The quanti- 
tation cf any iodine loss in association with 
histidine is in need of further investigation. 

Summary. Fibrinogen frolm the plasma of 
mongrel dogs was isolated and purified by 
fractional precipitation with amimonium sul- 
fate. Cold-insoluble material and ammonium 
sulfate were removed by dialysis at  4' against 
0.005 M sodium citrate. Portions of the 
resulting highly purified fibrinogen (95.1 "/o 
clottability by 280 mp analysis) were labeled 
with 1311 by the iodine monochloride meth- 
od. The percentage of the protein-bound radi- 
oactivity which (i)  remained in association 
with the collected fibrin after thrombin addi- 
tion; and (ii) was released in association 
with the split-off peptides into the clot super- 
natant fluid was determined by utilizing two 
differenlt clotting procedures. The clotting 
procedure commonly used in an isoitope dilu- 
tion technique for fibrinogen quantitation has 
shown that 85% of the radioactivity remains 
associated with fibrin and the remaining 
15.5% is recoverable in the supernatant fluid. 
The utilization of a clotting procedure for the 
coloriimetric determination of fibrinogen in 
which the cololr is a measure of the amino 
acid tyrosine has revealed that 85.1% of the 
radioactivity can be recovered in fibrin with 
17.3 % being released into the supernatant 
fluid. These results suggest that approximate- 
ly 16% of the radioactivity of labeled canine 
fibrinogen is released in the fibrinogen-fibrin 
transformation. The simultaneous loss of 
tyrosine from the fibrinogen molecule in the 
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formation of fibrin has been found to be 
10.6% and thus of the 16% total isotope loss 
a t  least this amount can be accounted for as 
iodotyrosine. The remaining 4-576 is at  
present still unaccounted for, but may be in 
association with the histidine residues present 
in the split-off peptides. 
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