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Since clinical signs of upper respiratory in- 
fections in dogs vary from a slight rhinitis to 
severe tracheobronchitis which at  times 
progresses to bronchopneumonia, it is possible 
that the primary viral lesions in the nasal, 
bronchial, and tracheal mucosae predispose 
the affected animal to secondary bacterial in- 
f ec t ions. 

Summary. The isolation of herpescanis 
virus from the respiratory tract of naturally 
infected dogs is reported. SeGral animals 
from which the virus was isolated exhibited 
the characteristic symptoms of canine tra- 
cheobronchitis while others were not clinically 
ill. 

Except for differences in in vivo and in vitro 
cytopathogenicity, the virus possesses similar 
physical, chemical, and morphological charac- 
teristics of the herpes group of viruses. I t  
was positively identified ‘by serologic methods 
as herpescanis virus. 

Experimental reproduction of the respira- 
tory disease was observed following intranasal 
inoculation of susceptible dogs, while ino- 
culated pups died of acute hemorrhagic 
disease following inbraperitoneal inoculation. 

The pathogenicity of herpescanis virus is 

evaluated on the basis of our studies and those 
of other workers. 

We wish to express our sincere thanks to Miss 
E. C. Adams of the Department of Pathology, 
Harvard Medical School ifor preparath od the 
electron micrographs and to Dr. L. E. Carmicbael of 
the New York State V h s  Research Institute for 
supplying us with herpescanis antiserum. 
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An Improved Method of Preparing Haptoglobin Polypeptide Chains 
Using Guanidine Hydrochloride* (32619) 

SIAMON GORDON, HARTWIC CLEVE, AND ALEXANDER G. BEARN 
Rockefeller University, New York, N .  Y .  

Haptoglobin is an uq serum protein which 
has the property of binlding hemoglobin stoi- 
chiometrically. Genetic studies of this protein 
in man have revealed a striking polymorphism 
of three main phenotypes, viz. haptoglobins 
1-1, 2-2 and 2-1 ( 1 ) .  All 3 genetic types con- 
sist of two kinds of polypeptide chain linked 
by interchain disulfide ‘bonds, a larger p and a 
smaller u chain1 ( 2 ) .  In the case of hapto- 

* T,his invvstig&im was surpported in part by U. S. 
Public H d t h  Service Grant No. A.MO1542-10. 

1 .4bbrevi&ions used in ,this paper: haptoglobin- 
hp; chailns of each common type of hp denoted by 
subscript, e. g., 8 2 - 2  ; a2-2 ; hemoglobin-hlb. 

globin 1-1 chain fractionation has been ac- 
complished after reductive cleavage and a 
tentative model has been proposed for this 
molecule ( 3 ) .  Studies of haptoglobin 2-2 and 
2-1 have not yet revealed the exact arrange- 
ment of p and u chains in these phenotypes. 

Chemical studies of the u chains of all 3 
types of haptoglobin have been in progress 
for several years ( 4 3 ) .  There has been little 
detailed study of the p chains, although there 
is evidence that isolated p chains prepared 
under certain conditions are still capable of 
binding hemoglobin, whereas isolated u chains 
are inactive ( 6 ) .  One difficulty has been the 
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preparation of purified j3 chains of all 3 types 
in good yield and suitable far further study, 
i.e., extensively denatured for structural anal- 
ysis or, alternatively, still capable of binding 
hemoglobin. 

To achieve these aims we have reduced and 
alkylatecl haptoglobins of all 3 types in the 
presence or absence of guanidine followed by 
fractionation in all cases in the presence of 
guanidine. Some of the properties of the 
resulting chains have ibeen studied and will be 
reported in this paper. 

Materials and Methods. 1 .  Purification. 
Fresh frozen unhemolyzed plasma was ob- 
tained from the New York Blood Center and 
in the case of all 3 common types of hapto- 
glolbin chromatographed on DEAE cellulose 
using gradient elution conditions described 
elsewhere (6).  The haptoglobin-rich material 
obtained in this way was concentrated by 
ultrafiltration and subjected to Pevikon2 block 
zone electrophoresis using 0.1 M barbital 
buffer, pH 8.6 (7).  The globulin fraction 
was further purified by column chromatug- 
raphy on Sephadex equilibrated with a 0.05 
M Tris HCl solution, pH 7.7. A different kind 
of Sephadex was used for each type of hapto- 
globin. Haptoglobin 1-1, mol. wt. 100,000 (8), 
enters the gel particles of G-200 so that this 
Sephadex could /be used to remove both larger 
and smaller unwanted proteins. The material 
eluted in the void volume was therefore dis- 
carded and the second peak concentrated. 
Haptuglolbins 2-2 and 2-1 consist of a series of 
polymers varying in molecular weight frum 
100,01oO to several hundred thousand. To ob- 
tain all polymers i t  was necessary to use 
G-100 for hp 2-2 and G-75 for hp 2-1, with 
the haptoglobin in each case eluted within the 
void volume. Smaller contaminating proteins, 
e g ,  albumin, could thus be separated from 
the haptoglobin. In all cases electrophoretic- 
ally pure haptoglobin could be olbtained. 
Benzidine staining after starch gel electro- 
phoresis of each preparation of haptoglobin 
mixed with hemoglobin showed that this 
haptuglobin retained the ability to bind 
hemoglobin. About 150 mg of pure hapto- 

2 Pevikon, a polyvinyl chloride-acetate copolymer, 
was supplied by Superfosfat A. B., Stockhdm, 
Sweden. 

globin could be prepared in this way from 200  
ml of plasma. 

2. Purification of guunidine-HCI. Guanidine 
hydrochloride, Lot 44A, 749, was purchased 
from Eastman Organic Chemicals Co. Solu- 
tions of 5 M guanidine hydrochlwride, 0.05 M 
Tris and pH 7.75 were prepared as follows: 
1 kg of guanidine hydrochloride was dissolved 
in about 2 liters of twice distilled water. Ac- 
tivated charcoal was used to absorb im- 
purities until the optical density at 280 mp 
was Iess than 0.061). The molarity of the soh- 
tion was determined by refiractive index meas- 
urements using an AbbC refractometer and 
the data of Kielley and Harrington (9). The 
solutions a t  this stage were approximately 6-7 
M and pH 4 and could then be adjuited to the 
desired composition with 2 M Tris and N 
HCI . 

3. Reduction and alkylation. ( a )  For ex- 
tensive reduction and denaturation the follow- 
ing procedure was used. Fifty mg of purified 
hptoglabin, a t  a protein concentration of 
about 10 mg per ml, were dialyzed overnight 
against 5 M guanidine-HC1, 0.25 M Tris, pH 
8.2, at 4°C. After centrifugation, 0.2 M 
mercaptoethanol (Matheson, Coleman, and 
Bell) was used for 24 hours at 'room tempera- 
ture to achieve extensive reduction. Alkylation 
was performed with 0.4 M iodoacetamide 
(Mann Research Laboratories) for half an 
hour at 4OC and in the dark. The pH re- 
mained alkaline to phenol red throughout this 
time. The sample was then dialysed at  4OC 
against two changes of 5 211 guanidine-HC1, 
0.05 M Tris, pH 7.75; with the buffer present 
in hundredfold excess. Since ~ l - 1  chains have 
a molecular weight of 8900 (5) 18/32 Visking 
dialysis membrane was used to avoid losses 
during dialysis of all preparations containing 
chains of this size. 

( b )  To  achieve milder reduction and retain 
binding activity ,there was no contact with 
guanidine until after reductiun and alkylation 
had both been completed. Fifty mg of material 
a t  10 mg per ml and in 0.05 M Tris HCI 
buffer, pH 8.2, were reduced for 1 hour a t  
room temperature using 0.2 M mercaptu- 
ethanol and then alkylated with 0.24 M 
iodoacetamide for half an hour a t  4°C. Excess 
alkylating reagent was removed by dialysis a t  
4OC, for 4 hours, against 2 changes of normal 
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saline in hundredfold excess. The same pre- 
cautions were taken as in (a )  to control pH, 
prevent light exposure and avoid losses during 
dialysis. 

4. Preparation of Sephadex G-200 in 5 M 
guanidine HCZ, 0.05 M Tris, pH 7.75. Se- 
phadex G-200 (Pharmacia) was sieved and 
the 100-200 micron fraction soaked in 5 M 
guanidine HCl, 0.05 A1 Tris, pH 7.75 ,  for a 
week, to ensure complete swelling of the 
beads. After several washes with 'the same 
buffer the gel was freed of #bubbles and packed 
in a column 33 inches x 1 inch, designed far 
upward flow. By using the lowest possible 
pump pressure flow rates of 8-10 ml per hour 
at 4OC could be obtained. Such a column 
could be used for several experiments at  a 
rmsowble flow rate. 

5.  Isolation of chains. The reduced and al- 
kylated sample in both types of preparation 
was further dialysed at 4' against 5 M guani- 
dine HCl, 0 0 5  M Tris, pH 7.75, for 16 hours 
after extensive reduction and for 4 hours after 
milder reduction. After centrifugation the 
sample was applied to the bottom of the 
column and eluted by upward flow using the 
same buffer. Four-ml fractions were collected 
and the absorbancy measured at  280 mp. Such 
a separation could be completed in 2 days. 
The further handling of the chains differed 
for the two types of preparation. The fully 
reduced material was dialyzed for 3 days 
against 6 changes of 5% formic acid at  4OC 
and then freeze-dried. The more mildly r+ 
duced material was dialyzed against normal 
saline in similar fashion and concentrated by 
freeze drying or by ultrafiltration using 8/32 
Visking dialysis tubing for p chains and 
23/32 Visking tubing for a chains. The chains 
obtained after extensive reduction were dis- 
solved in aqueous buffers with difficulty unless 
urea was added. The chains obtained after 
milder (reduction dissolved readily in aqueous 
buffers, allthough some precipitate had to be 
spun off, especially in the case of a2-2 chains. 

6 .  Urea formate starch gel electrophoresis 
was used to estimate the purity of the chains 

7. Amino acid analysis was performed in 
duplicate on (4.06-mg samples of extensively 

( 1 0 )  - 

reduced p chains according to the method of 
Bowman and Barnet ( 1 1). 

8. Binding studies. A 10% solution of 
hemoglobin was prepared according to the 
method described !by Muller( 1 2 ) .  

Peroxidase activity was assayed by the 
spectrophotometric method of Tarukoski( 13). 
A 0 .15% sodium chloride solution was used 
as a diluent for test samples. The extensively 
reduced material did not dissolve readily and 
was centrifuged to remove undissolved mate- 
rial hbefore performing the assay. 

9. Protein estimations were made using the 
Lowry method( 1 4 ) .  

10. Immunological Studies. Specific precipi- 
tation by double diffusion was performed in 
1 "/o agarose in 1/15 M phosphate buffer, pH 
7 (  1 5 ) .  Twenty pl samples of material a t  1 
mg/ml were used initially. When no line of 
precipitation was found the experiment was 
repeated using 1 0 0  pl of sample. Intrawell ab- 
sorption was performed by allowing 2 0  pl of 
test material at 3 mg/ml (to diffuse completely 
out of the well before filling i t  with antiserum 
and testing against normal hp 2-2. 

To study the binding of hemoglobin by 
means of gel diffusion, the test sample at 1 
mg/ml was fully saturated with hemoglobin 
and cmpared with $the same material with- 
out any hemoglobin. 

Antiserum specific for haptoglobin was pre- 
pared as follows: purified haptoglobin 2-2 
( 1 0  mg/ml) was emulsified with an equal vol- 
ume of Freund's adjuvants and 1 ml of the 
emulsion injeoted suibcutaneously into a Chin- 
chilla rabbit. One ml lboosters of the same 
haptoglobin without adjuvant was given at  
intervals of 1 month and 1 week. The anti- 
serum obtained was absorbed with anhapto- 
globinemic human serum and shown to be 
specific for haptoglobin by immunoelectro- 
phoresis( 1 6 ) ,  testing the antiserum against 
normal human serum in the presence, as well 
as in the absence, of hemoglobin. 

11. Purified human group specific protein 
(Gc) was provided by Dr. Barbara Bowman. 

Results. The extent of reduction was es- 
timated by amino acid analysis. When reduc- 
tion was performed in the presence of guani- 
dine there was no residual blf-cystine, all 
having been converted to S-carboxymethyl 
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FIG. 1. Haptoglobin 2-2, r e d u d  and dkylarted in 

the absence of guadine, fraatbmtd on Sephadex 
G-200 in 5 M guanidine HCl, 0.05 M Tris, piH 7 .75 .  

cysteine. When guanidine was absent during 
reductive cleavage 6 out of the 20 moles of 
half-cystine present per mole of protein were 
recovered as half-cystine. This corresponds 
to 3 unreduced disulfide b n d s .  

2. Separation of chains. ( a )  Milder reduc- 
tion. An elution curve of haptoglobin 2-2, 
reduced and alkylated in the absence of gua- 
nidine and fractionated on Sephadex G-2100 in 
guanidine, is shown ia Fig. 1. The u ~ - ~  chains 
were well separated from the p 2 - 2  chains and 
the yield of ~ 2 - 2  chain relative $to that of p 2 - 2  

chain was 35%, i.e., complete when compared 
with the full theoretical yield obtainable. The 
undissociated material was eluted within the 
void volume. In the case of hp 1-1, the 
undissociated material was not as well sepa- 
rated frum the j?l-l peak and the recovery 
of u ~ - ~  chain relative to /31-1 was 14% in- 
stead of the theoretical complete yield of 

( b )  Extensive reduction. With all types of 
haptoglobin pod  separation and full yields 
of chains could 'be obtained. The peak of 
undissociated material was considerably 

18%. 

smaller than in preparations which had been 
more mildly reduced. The ~ 2 - 1  chains of 
haptoglobin 2-1 were recovered in a yield of 
27% relative to that of p 2 - 1  c K n s ,  a 'result 
consistent with an equimolar ratio of a2 and 
al chains. Some separation of a2 and al chains 
was achieved. 

3. Electrophoresis in  urea formate gels 
showed that chains isolated after extensive 
reduction were pure (Fig. 2 ) .  Chains prepared 
by the milder method (not illustrated) were 
pure in the case of hp 2-2. Haptoglabin 1-1 a 
chains made by the milder method were like- 
wise pure, but some slower moving material 
contaminated the plel preparation. 

4. Chain size estimation. The molecular 
weights of u ~ - ~  (890) and a 2 - 2  ( 17,300) are 
known (S), $but no estimiate of /3 chain mdec- 
ular weight is available except indirectly from 
that of the whole hp 1-1 molecule. The elution 
positions of different chain preparations, as 
well as that of purified Gc pmtein (mol. wt. 
51,000) , were determined on Sephadex G-200 
in 5 M guanidine. I n  Fig. 3 the known molec- 
ular weights for Gc and ~ 2 - 2  are plotted 
against the difference, for each chain or pro- 
tein, between its elution volume land the total 
void volume of the column. A straight line 
was obtained. The p chain elution vulurnes 

FIG. 2 .  Urea farmate strach gel electrophods after 
extensive reducbion. 
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FIG. 3 .  Estimation of size of p chains using Seph- 
adex G-200 in 5 M guanidine HC1 0.0 M Tris, 
pH 7.75. 

suggest a molecular weight of about 38,000 
for bath p 2 - 2  and pl-l chains. The exclusion 
volume of Sephadex G-200 in 5 M guanidine 
HCl 0.05 M Tris, pH 7.75, corresponds to a 
molecular weight of about 64,ooO. 

5 .  The amino acid analysis of p chains &- 
tained after extensive Ireduction is listed in 
Table I. The absence of half-cystine indicates 

TABLE I.  Haptoglobin p Chain Amino Acid 
Analysis." 

Amino acid 1-1 2-2 2-1 

Lysine 
Histidine 
Arginine 
Cmboxymthylcy steine 
Aspartic Acid 
Threonine 
Serine 
Glutamic Acid 
P r oline 
Glycine 
Alanine 
Half -Cystiine 
Valine 
Metliionine 
Isoleucine 
L euci ne 
Tyrosine 
Phen ylalanine 

Total 

25 
11 
5 
5 

31 
21 
20 
33 
12 
24 
25 

31 
4 

15 
27 
12 
9 

310 

- 

26 
11 

7 
5 

33 
21 
18 
33 
15 
24 
23 

29 
5 

13 
27 
11 
9 

310 

- 

11 
5 
5 

33 
20 
16 
33 
15 
24 
25 

31 
5 

16 
27 
10 
8 

- 

Q l A  

that reduction had been complete. The p 
chains of each common genotype show a re- 
markable similarity in composition. The 
relatively high proline content is also worthy 
of note. 

6. Bindings studies. The effect on the bind- 
ing ability of hp 1-1 of the various treat- 
ments employed during chain preparation is 
shown in Table I1 (a). The binding activity 
of the chains prepared by both procedures 
is shown in Table I1 (b).  These hbles show 
that extensive reduction destroyed all binding 
activity whereas the milder method of reduc- 
tion allowed considerable binding activity to 
be retained. 

7. Immunological studies. The anti hp 2-2 
rabbit serum used for these studies did not 
show a spur between normal free hp 2-2 and 
hp 1-1 (Fig. 4a). The p2-2 and pl-l chains ob- 
tained by the milder reductive method showed 
a strong line of precipitation at  concentrations 
of 1 mg/ml and a reaction of identity with 
native hp 2-2 as well as hp 1-1. 

The a2-2 or al-l  chains obtained after 
milder reduction did not give a line of 
precipitation nor did the intrawell absorption 
technique show any other evidence of binding 
to antibody (not illustrated). 

Immunological Ibinding studies are shown 
in Fig. 4b. Intact hp 1-1, as well as isolated p 
chains obtained a f t a  milder reduction, all 
showed a spur between the free preparations 
and their complexes with hemoglobin. This in- 
dicates that these p chains were still capable 
of binding hemoglobin. 

The extensively reduced material lost all 
ability to interact with antibody. As shown in 
Fig. 4c hp 1-1 and 2-2, fully reduced but 
unfractionated, as well as p2-2 chain, isolated 
after full reduction, could not precipitake anti- 
body. Intrawell absorption studies showed 
that there was no nonprecipitating inkrac- 
tion between these preparations and the anti- 
serum (not illustrated). 

Discussion. The preparation of haptoglobin 
polypeptide chains is complicated by *their 
structural diversity. On the one hand, all the 
evidence hitherto available indicates that the 

3 1 V  p chains of the three common types of hapto- 
globin are similar. On the other hand, the 
a2-2 chain is approximately twice as large as 
the ~ l - ~  chain and tends to aggregate in neu- 

"Each value represents the average of duplicate 
ana.lymxx Calculations based on p chdn molecular 
weight of 40,000 and carbohydrate content of 15%. 
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TABLE 11. (a) Effect of Various Trcatiiients on Binding Ability of Haptoglobin 1-1. 

Percentage of hb 
bound taking 

purified hp 1-1 Mg hb bound/mg 
Treatmen t test material as 100% 

1. 

2. 

3. 

4. 

5. 

Purification of hp 1-1 0.66 (corresponds to 100 
1 mole hb per mole hp) 

Dialysis v5 5 M guanidine 
HC1, 0.05 M Tris, p H  7.75 
( a )  for 2 days 0.44 66 
(b) for 7 days 0.30 46 

Reduction 0.02 M mercaptoethamol, alkylation 

Reduction and alkylation as in 3 above, then 
dialysis vs 5M guanidine HCl, 0.05 M Tris, 
p H  7.75 for 2 days. Dialysis vs N saline 

Reduction 0.2 M mercapt.oetliano1 and alkylation 
0.4 M iodoacetamide in presence of 5 M 
guanidine HC1, 0.25 M Tris, p H  8.2. Dialysis 

0.24 ilf iodoacetamide. No guanidine present 0.15 23 

for 3 days 0.12 18 

v5 N saline for 3 days 0 0 

T B L E  11. (b)  Binding Ability of p Chains Prepared by Mild and Extehsive Reduction. 

Percentage of hb 
bound taking pun-  

Preparation Chain mg test material fied hp  1-1 zt9 100% 
mg hb bound/ 

1. Reduction 0.2 M mercaptoethai~ol and p l - 2  0.10 15 

0 0 alkylation 0.24 M iodoacetamide, both 
in  absence guanidine. Then separation a.As 

of chains on G-200 in 5 M guanidiiie p1-I 0.23 36 
HC1,O.M M Tris, pH 7.75 (2 days). a]-1 0 0 

2. Reduction 0.2 M niercaptoethanol and pz2 0 
alkylation 0.4 M iodoacetamide, both in 
presence af 5 M guanidine HC1,0.25 M 

on 6-200 in 5 M guatllidine HCl, 0.05 M 
Tri5,pH 7.75 (2 days). 

a22 0 

0 

0 

Tris, p H  8.2. Then separation of chains 

a]-1 

57 

tral solution (5)  so that the separation of a 2  

chains from p chains is more difficult than 

Connell and co-workers used d i u m  
ddecyl sulfate to precipitate fi  chains differ- 
entially aftter lreductive cleavage (5) .  This 
method of p p a r i n g  haptoglobin polypeptide 
chains is convenient for the structural study 

that of a1 chains. 

of all types of a chain, !but is especially un- 
suitable for the preparation of p 2 - 2  chains, 
since half of the a2-2  chain is co-precipitated 
with the p 2 - 2  chain. 

Shim and co-workers used acidic 4 M urea 
solutions during gel filtlratim and obtained the 
full theoretical yield of /?2-2 in the case of hp 
2-2 (17), ,but i t  is unlikely that any binding 
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FIG. 4. Gel diffusion studies of haptoglabin and 
haptoglobin chains using a specific rabbit anti-hp 2-2 
serum: (a) purified haptoglabins 1-1 and 2-2 ccnn- 
pared with B o h a h  isolated by the milder method of 
reduction; (b) the ability of less reduced p chains to 
bind hernodobin; and (c) extensively reduced ma- 
terial compared with normal hp 2-2. 

activity would have been present after these 
chains had #been exposed to both acid and 
urea. 

In  the study descrilbed here we found that 
5 M guanidine solutions used at neutral p H  
could achieve complete dissociation of all 
types of haptoglabin polypeptide chains. 
Moreover, when reduction and alkylation had 
been performed in the absence of guanidine 
the chains subsequently obtained with the 

use of guanidine as a dissociating medium 
could recover considerable hemoglobin bind- 
ing activity when the guanidine was removed. 

Guanidine is therefore a useful dissociating 
solvent for the preparation of haptoglobin 
polypeptide chains. Similar advantages have 
been found for the preparation of polypeptide 
chains of immunoglobulins ( 18). 

When reduction was performed in the ab- 
sence of guanidine, some disulfide 'bonds re- 
mained intact. It was possible, however, to 
separate pure p2-2 and ~ 2 - 2  chains from un- 
dissociated material #by means of gel filtration 
on Sephadex G-200 in guanidine. These &-2 

chains regained a substantial amount of 
binding activity after removal of the guani- 
dine. This could be demonstrated spectra- 
photometrically by means of a peroxidase as- 
say as well as immunologically. The &-2 

chains showed a reaction of identity with 
hp 1-1 and hp 2-2 when tested against a 
specific antihaptoglobin serum. The ability of 
these j32-2 chains to lbind hemoglobin was 
confirmed by the formation of a spur between 
the p2-2 chain and P2-2-hemoglobin complex. 

The C Q - ~  chains obtained after less extensive 
reduction did not reveal immunological ac- 
tivity. This could #be attributed t o  the antise- 
rum used rather than to damage to the chain, 
since the antiserum could not distinguish be- 
tween native hp 2-2 and hp 1-1 and presum- 
ably did not contain antibodies directed 
against the u ~ - ~  chain. The isolated ~ 2 - ~  chains 
showed no binding activity in the peroxidase 
assay system either. 

When hp 1-1 was less extensively reduced 
only 14% of u ~ - ~  chain could be obtained rela- 
tive to the amount of chain, instead of 
the theoretical yield of 18%. This was due 
to a contaminant of Ithe chain fraction. 
The relatively higher binding activity of the 

preparation when compared with that 
of p 2 - 2  (Table I1 4 )  cannot be evaluated 
,because of the presence of this contaminant. 
The ~ 1 - 1  chains obtained by this method are 
electrophoretically pure, but, as in the case 
of ~ ~ - 2 ,  showed no ability to bind hemoglobin 
or specific antibody. 
These studies d r m  our earlier findings 

which demonstrated the binding ability orf 
isolated p chains but not u chains when these 
chains were prepared with 0.01 N propionic 
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acid as the dissociating medium and tested for 
binding ability by means of gel filtration ( 6 ) .  
The demonstration that fully reduced material 
lost all binding ability accounts for the 
finding of Liscrwska and Dobryszycka that p 
chains isolated after reduction in 8 M urea 
could not bind hemoglobin (19). Evidence 
has -therefore been obtained ,by two different 
methods of chain fractionation that the /3 
chain makes the major contribution to the 
haptoglabin binding site for hemoglobin. 

The use of guanidine with Sephadex G-200 
gel filtration has not hitherto been explored as 
a method of estimating the size of proteins. 
By its effect on molecular contormation 
guanidine could eliminate irregularities found 
on g d  filtration and due to variation in shape 
among different proteins ( 2 0 ) .  The known 
mlecular weights for W - 2 ,  a1-1 and Gc and 
the presumptive molecular weight of /3 chains 
show that their chsromatogmphic behavior 
in this system agrees well with expected be- 
havior. Although both the SephQdex G-200 gel 
particles and the proteins “swell” considerably 
in guanidine, the effect on proteins must be 
greater since Ithe exclusion volume has dimin- 
ished firom a molecular weight range of about 
200,000 to about 64,0001. This system oould 
be useful for estimating the size of subunits 
associated by strong noncovalent interactions. 

All the evidence available from studies of 
size, electrophoretic behavior, amino acid 
analysis and peptide mapping (to be reported 
e k w h r e )  indicate the identity of p chains 
prepared from the 3 common gtnetic types of 
bptoglolbin. This favors the hypothesis that 
the genetic heterogeneity of common hapto- 
gldins is entirely due to the u chain locus 
(15). If there is no difference between pl-l 
and p2-2, the polymeric system of hp 2-2 
should be due to the properties of the W - 2  

chain, as other authors have already sug- 
gested ( 5 ) .  

Very little is as yet known of the mech- 
anism by which haptoglobin interacts with 
hemoglobin. Further studies of the p chains 
of haptoglabin should be of considerable in- 
terest in the study of this problem. 

Summczry. An improved method is described 
to prepare haptoglobin polypeptide chains 

in high yield and purity. Reduction and 
alkylation in the presence or absence of 
guanidine were followed in both cases *by frac- 
tionation on %phadex G-200 in guan.i& 
solutions at neutral pH. Extensive reduction 
in the presence of guanidine resulted in 
denatured chains suibble for structural study 
whereas milder reduction in the absence of 
guanidine yielded p chains capable of bm&ng 
hernoglobin. Some physical, chernid,  binding, 
and immunological studies on the isolated 
chains are described. The 8 chains od the 
common types of haptoglobin s h e d  simi- 
larity in all these properties. 
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