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The RLP ( radiation-leukemia protection) 
activity of sheep spleen extracts is sharply 
eluted from the first Sephadex G-200 peak 
with the proteins of higher molecular weight 
(" 19s peak") , whereas in serum the activity 
is more diffuse and Considerable amounts ap- 
pear in the lighter fractions (1). Berenblum 
and his co-workers have suggested that RLP 
is an ~2-macroglobulin ( u ~ M )  (2). As u ~ M  is 
readily detectable by its ability to bind tryp- 
sin causing protection of the esterase activity 
of the enzyme from inactivation by trypsin 
inhibitor (3),  we have determined the dis- 
tribution of the trypsin-esterase binding ac- 
tivity (TEBA) of serum and spleen extracts. 
The activity follows the RLP elution pattern 
for spleen but not for serum. Furthermore, 
the TEBA of serum and spleen exhibit differ- 
ences in stability to heat and pH changes. In 
addition to the TEBA of serum and spleen, 
another characteristic property of ~z-macro- 
globulin, the trypsin inhibiting capacity 
(TIC) has also been investigated. 

Materials and Methods. The preparation of 
sheep spleen extracts (40% homogenates in 
phosphate-buffered saline, pH 7.4, centri- 
fuged 1 hr a t  25,000 rpm in a Spinco rotor 
No. 30 in the cold) and fractionation of 
extracts and serum have been described ( 1). 
Fractionations were performed on a column 
of Sephadex G-200, equilibrated with phos- 
phate-buffered saline. Both TEBA and TIC 
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were determined by a modification of the 
methods of Ganrot (3, 4). The determina- 
tions were performed on 5-pl samples and the 
change in absorbancy at 410 mp was record- 
ed for a t  least 10 min in a Gilford spectro- 
photometer at 2 5". Immunoelectrophoresis 
was performed in a Gelman apparatus in 1% 
agar a t  pH 8.6 in 0.1 M buffer. 

Results. The fractionation on Sephadex of 
the substances precipitable upon 40% satur- 
ation of spleen extract with ammonium sul- 
fate differs from that of the comparable 
serum preparation. A greater proportion of 
the total protein of the spleen preparation 
appears in the 19s peak and the TEBA of 
spleen appears 4 fractions earlier (Fig. 1). 
The TEBA of both spleen and serum follows 
the 19s peaks fairly closely, although the 
elution is sharper from serum. A considerable 
portion of the TEBA, especially of serum, 
fails to precipitate a t  40% saturation with 
ammonium sulfate and appears in the 
40-60% precipitate. This is rather sharply 
eluted with the 19s material (Fig. 1D). 

The relation of the TEBA to the u ~ M  con- 
tent of the fractions is evident on immunoe- 
lectrophoresis (Fig. 2). A precipitin line in 
the uaM position is found only in fractions 1 
and 2. 

The TEBA of serum and spleen differ in 
stability to heat and pH changes. The activi- 
ty of spleen is more sensitive to heating at 
60' (Table I ) .  Under dialyzing conditions, 
the serum activity is stable at pH 4.5, where- 
as the spleen TEBA is almost inactivated. At 
pH 9.5, both spleen and serum retain 
65-720/0 of their activity. The activity of 
spleen exposed to pH 4.5 cam be partially 
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FIG. 1. Gel filtration of sheep serum and spleen on Sephadex G-200: column size, 2 X 78 cm; 

sample size, 2 ml;  flow rate, 7.2 ml/hr. (A)  sheep spleen extract, 40% saturated ammonium sulfate 
precipitate; (B) sheep spleen extract, 40-60% saturated ammonium sulfate precipitate; (C) sheep 
serum, 40% saturated ammonium sulfate precipitate ; (D) sheep serum, &60% saturated ammon- 
ium sulfate precipitate; (-), the absorption a t  280 mp; and (---), the TEBA activity. 

FIG. 2. Immunoelectrophoresis of fractions eluted from Sephadex G-200 (Fig. 1A and C). The 
trough contains rabbit antisheep serum. Arrows indicate the aa M precipitin line. 
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TABLE I. The Effect of Heating at 60" on the Same conditions had no effect on serum 
Trypsin Esterase Binding Activity of Sheep Serum TEBA and caused but little inactivation of 

serum TIC in the later fractions (data not and Spleen. 

% Untreated activity shown). 
Time at 60" After exposure of mice to 300 R, the 

(min) Serum Spleen TEBA of their serum decreases and remains 
depressed for several days. Injection of sheep 
serum, but not saline or albumin, restores 

0 100 100 
5 103.6 30 

the TEBA (Fig. 3 ) .  Similar results were ob- 15 81.3 19 
30 80.6 0 tained with CS7B1/6 and Swiss mice. The 

TABLE 11. a2M Trypsin Esterase Binding Activ- 
60 64.5 0 

i ty  of Sheep Spleen Extract and Serum. 
restored by dialysis against pH 9.5 buffer Change of PH w;t8 accomplished by dialysis at 4" 
(Table 11). for 8-24 hr. 

The TIC of sheep serum is present in most 
% Untreated activity of the Sephadex G-200 fractions. The TIC 

of spleen is confined to the 19s material and Treatment Serum Spleen 
also corresponds to the TEBA of that peak. 
After the fractions obtained by gel filtration 9.5 72.8 65.0 

4.5 96.6 9.1 
9.5+4.5 75.2 10.5 

37.7 4.5+ 9.5 96.6 

of spleen extract were heated-a< 60" for 10 
min at pH 7.4, neither the TEBA nor the 
TIC could be detected. Heating under the 
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FIG. 3. The TEBA of serum after 300 R of X-irradiation; C57B1/6 mice were used. Each point 

on the graph is the average value for 6 determinations: ( 0 )  age control, no treatment was given; 
(A) mice received 300 R of X-ray plus injections of 0.25 ml of serum right after the irradiation. 
(0), mice received 300 R of X-ray plus injections of 0.25 ml of PBS right after the irradiation; 
(A) ,  mice received 300 R of X-ray plus injections of 0.25 ml 1% albumin in PBS immediately 
after irradiation. 
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differences were examined in an analysis of 
variance and found to be significant at  the 
5 %  level. The localization of this activity was 
not attempted. 

Discussion. The elution from Sephadex of 
the a2M of sheep serum, as estimated by its 
trypsin esterase binding activity, is similar to 
that described for a2M from human serum 
(4).  However, the sheep serum TEBA differs 
from that of human serum in its stability to 
heat inactivation. On the other hand, sheep 
spleen TEBA is thermolabile and acts more 
like the human a2M described by Ganrot 
(4).  Since the TEBA of spleen appears 4 
fractions earlier than that of serum on elution 
from Sephadex and there is a complete lack 
of any other antitrypsin activity in its frac- 
tions, it is not likely that the activity of the 
spleen TEBA is attributable merely to conta- 
mination by serum. 

The quanternary structure of asM varies 
with pH. The 17.5s form of a2M predomi- 
,nates between pH 3 and 7.5, whereas at  pH 9 
most of the substance is in the 12s form 
(5). Unless human and sheep u ~ M  differ vast- 
ly, it is not likely that dissociation done 
plays a major role in the activity changes 
seen in Table 11, as fresh spleen extract (pH 
6.5) is active in binding trypsin esterase, 
although activity is lost when the pH is low- 
ered to 4.5. 

The relationship of the RLP activity of 
spleen and serum to u ~ M  remains obscure. 
Both a2M and RLP are rather sharply eluted 
with the first peak of protein in sheep spleen 
extracts. However, RLP of serum is rather 
diffusely distributed (1), whereas the azM is 
limited to the early fractions (Fig. 1 ) .  The 
TEBA of mouse serum falls after X- 

irradiation and is restored by injection of 
sheep serum which exhibits RLP activity, but 
not albumin or saline, which do not protect 
against radiation-induced leukemia (Fig. 3 ) . 
Exposure to X-rays is known to interfere 
with macroglobulin synthesis (6) ,  but it also 
causes many changes in serum enzyme levels 
of questionable specificity. These changes can 
be reversed by injection of serum, but not 
by albumin (7). 

The differences in TEBA of spleen and 
serum-in precipitation by ammonium sul- 
fate, elution from Sephadex, and heat and 
P H  stability-and the differences in distribu- 
tion of spleen and serum RLP activity lead 
us to believe that RLP may exist as a com- 
plex with u ~ M .  The binding between u ~ M  and 
RLP is tight in spleen, causing both to 
elute sharply near the void volume. The ac- 
tivities are probably readily dissociated in 
serum, and the relatively small RLP mole- 
cule may then appear free or partially associ- 
ated with various other proteins. 
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