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Further Purification of a Human Placental Inhibitor to 
Hemagglutination by H-1 Virus* (32665) 

M. USATEGUI-GUMEZ AND D. F. MORGAN (Introduced by H. W. Toolan) 
Putnum Memorial Hospital Znstitxte for Mcdical Research, Rennington, Verntont 

A previous communication (1) described 
the preliminary purification of a substance, 
observed by Toolan ( 2 )  in all human placental 
fluids, that inhibits hemagglutination by H-1 
and HB viruses, but not hemagglutination by 
the closely related RV or H-3 viruses; this 
material is not present either in maternal or 
fetal sera. I t  was learned that the inhibitor is 
an immundogically homogeneous glycoprotein 
that produces a single band on paper elec- 
trophoresis. Although a number of glycopm- 
teins have been found that inhibit hemag- 
glutination by influenza virus ( 1 ) ,  the only 
two which have been successfully purified to 
date are urinary mucoprotein ( 3 )  and a group 
of inhibitory glycoprateins found in the sub- 
maxillary glands of ruminants ( 4 ) .  In both 
instances gentle chemical procedures were 
employed to obtain the final fractions. More 
drastic methods appear to break down the 
glycoproteiin molecule. Since one of the steps 

* This work was supported by grant C.4-07826-0.3 
from the National Cancer Institute, NIH, USPHS, 
grant E-343B from the American Cancer Society, and 
by a generous gift from the Given Foundakion. 

previously reported in the method used for 
purification of the H-1 hemagglutination in- 
hibi tor involved precipitation with sulfosali- 
cylic acid, it seemed possible to us that some 
denaturation with breakage of the native 
molecule into smaller units might have oc- 
curred during this procedure. Further work 
was done, therefore, to develop a simple and 
gentle technique for isolating the placental 
inhibitor in a pure form. The present paper 
describes such a method, together with several 
physical and chemical properties od the in- 
hibitor. 

Materials and Methods. Fluid was obtained 
from fresh unwashed placentas by removing 
the fetal membranes and allowing liquids of 
the placental mass to leak out into the con- 
taining vessel. Most of the placentas were 
delivery-room specimens handled with asceptic 
precautions. A few were obtained under sterile 
con& t ions at caesarian SRC tion. Approximate1 y 
2&75 ml of fluid were collected from each 
full-term placenta and spun for 15 min at 
2 ,000  rpm to separate the red blood cells. 
Samples (0.3 ml) of the supernatant fluids 
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were taken for haptoglobin typing and the 
remainder was frozen at  -20°C. The pla- 
cental fluids were separated into 2-2, 2-1, and 
1-1 types according to the heme-haptoglobin 
patterns. Only the 1-1 fluids were used 
in the purification since the 2-2 and 2-1 hapto- 
globins are large molecules that tended to con- 
taminate the find fractions obtained in the 
purification procedures. A volume olf 200 ml 
of the 1-1 material was unfrozen and em- 
ployed for each experiment. 

Hemagglutination-inhibition tests. Hemag- 
glutination-inhibition activity was tested as 
described previously ( 1 ) . 

Chemical analysis. Pratein was determined 
by the Lowry method (5). 

Disc electrophoresis. Individual placental 
fluid proteins were separated by disc elec- 
trophoresis in a Canalco m0del-6~ apparatus. 
The procedures employed were those recom- 
mended in the Canalco equipment instructions 
for serum proteins or other samples of similar 
or more dilute protein content. Volumes of 3, 
10, 20, or 40 pl were used, depending on the 
concentration of the protein solution to be 
analyzed. The placental fluid fractions were 
stained with Amido Black, Schiff reagent, or 
Oil red 0 (6). 

UZt racen t rifug a t ion. Centrifugation was 
carried out in a 30 rotor or a 39 swinging 
bucket rotor in a Beckman-Spinco L prepara- 
tive ultracentrifuge. Sucrose gradients were 
iormd by layering 1-ml fractions of 10, 20, 
30, and 40% sucrose; 0.35 ml of the material 
to be tested was then layered on the sucrose 
and spun at 35,000 rpm in a 39 swinging 
bucket rotor for 2 2  hours. Fractions of 5 d r o p  
each were collected through the bottom after 
puncturing the tube. Forty fractions were ob- 
tained from each tube. 

Immunology. Irnmunodiff usion in ionagar 
was performed according to the method de- 
scribed by Ouchterlony (7). The following 
anti-human globulin sera, all prepared in 
goats, were obtained from Hyland Labora- 
tories, LoEj Angeles, California and tested 
against whole placental fluids and purified 
fractions: anti?r2 M macroglobdin, anti-/3 
lipoprotein, antii-ceruloplasmin, anti-hapto- 
globin, anti-IgA globulin, anti-IgG globulin, 

1 Canaloo Inlduut. Conp., Bethesda, Md. 

anti-transferrin, anti-orosomucoid, and anti- 
chorionic gonadotropin. Also tested were 
anti-IgM macroglobulin (goat) from Syl- 
vania Co., Millburn, N. J., and anti-group 
specific globulin (rabbit) from Lloyd Bros., 
Inc., Cincinnati, Ohio. Quantiltation of u2-M 
macroglobulin was done according to a 
micmethod modification of the immune 
diffusion technique of Gel1 et al. (8) de- 
scribed elsewhere (9). Quanti4ation of IgM 
was done by the radial-diffusion technique 
(10) ; commercially available Hyland Labora- 
tory plates were employed for this test. 

Treatment with poteolyt ic  enzymes. Tryp- 
sin (2X cryst.), chymotrypsin ( 3 X  cyst . ) ,  
pepsin (2X cryst.) were obtained from 
Wmthington Biochemical Corp., Fmholld, 
N.J. The inhibitor fractions ( b t h  tho* ob- 
tained afitm kaolin extraction and the active 
materials from the sucrose gradients) were 
treated with the above enzymes and their 
inhibtory activity then measured. Each en- 
zyme was added to a final concentration of 
1 m g / d  in 0.1 M phosphate buffer, pH 7.1. 
In the case of papain the find solution used 
was 0.01 M in cysteine and d i s d u m  ethyl- 
enediamine tetraamtic acid. Incubat' ' ion was 
carried out for 1 and 2 hours at  37°C. Con- 
trols were also incubated and tested for 
bemagglutination inhibition (HA-1) activity. 

Treatment with neuraminidase. Neurami- 
nidase (RDE) enzyme (1800 IU,/ml when 
reconstituted) was obtained from Sigma 
Chemical Co., St. Louis, M+u!ri. The pu- 
rified inhibitor (active fractions from the su- 
crose Dadients) was mixed with an equal 
amount oif enzyme solution made up in phos- 
phate buffer pH 6.3 and incubated 24 hours 
at 3 7 " C. Controls containing no neurarninidase 
were incubated under identical conditions. 
HA-I activity w s  measured immediately fol- 
lowing incubation. 

Reaction with periodate. Purified inhibitor 
was mixed wilth an equal amunit of 0.1 M 
sodium meta periodate in acetate bilffex pH 
5.1, and allowed to stand at. 4°C for 24 hours. 
The periadate action was stopped by the ad- 
dition of 1/4 volume 20% sucme. HA-I ac- 
tivity was then measured in the trmted 
samples and in controls witlholut periodate. 

Reaction with 2-mercaptoethanol. Purified 
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inhibitor was diluted 1/2 with 0.2M mer- 
captmthanol in phosphate buffer pH 7.1 and 
incubated 24 hours at 37°C. Controls without 
2-mercaptoethanol were also incubated. HA-I 
activity was then determined. 

Eject of sugars on inhibitory actizlity. One 
per cent solutions of several sugars in 0.lM 
phmphate buffer pH 7.1 were Mixed with an 
equal amount of H-1 virus for 1 hour at  room 
temperature. The sugars employed were: 
galactose, mannose, rhamnose, glucosamine, 
and N-acetylglucosamine. H-4-1 activity was 
determined by adding 0.4 ml of sugar and 
virus mixture ,to each glycoprotein dilution 
in the test instead of adding H-1 virus plus 
phosphate-buffered saline (PBS) as was done 
in the controls. Other controls for this test 
were sugar plus red cells alone and sugar plus 
virus with red cells subsequently added. 

Reaction with antiserum to u-naacroglobulin. 
Purified fractions 1 (NH,) .SO4 precipitation 
supernatant fluid and active sucrose-gradient 
pool] were combined with the gamma fraction 
from the a2-M antiserum (prepared by DEAE- 
cellulose fractionation) in a 1:2 volume ratio 
€or 1 hour. The HA-I titer was then deter- 
mined. After precipitation with ( NH,),S04 
to remove the gamma globulins, the HA-I 
titer was again determined. The supernatant 
fluid was tested for the presence of ~ ~ - 3 1  
macroglobulin by immunodiff usion. 

Purification of the inhibitor. Kaolin was 
used according to the method of Clark and 
Casals ( 11 ) and others ( 12,13) to  absorb 
nonspecific virus hemagglutination inhibitors 
from the placental fluids. Pooled placental 
fluids of 1-1 haptoglobin type were first diluted 
1:5 with borate-buffei-ed saline (BBS) pH 
9.0 and then added to an equal volume of 
kaolin prepared as a 257h suspension in BBS. 
This mixture was allowed to stand 20 min 
a t  room temperature and subsequently centri- 
fuged ait 2 , 0 0 0  for 15 min. The resulting 
supernatant fluid called “kaolin-absorbed 
fluid,” was considered to represent a 1:lO 
dilution of the original placental fluids. Such 
absorbed fluids were then divided into 30-ml 
aliquots and spun at  30.000 rpm for 12 hours 
after which the upper 25 ml in each tube 
were carefully removed and discarded. From 
the 5 ml ‘remaining in the tube, approximately 

4 ml were added to a pool to be spun once 
more; the jelly-like pellet plus the ovwlying 
1 ml of supernatant fluid were saved. The 
pooled 4-ml fractions were centrifuged for 
12 hours at  30,000 rpm in tubes containing 
30 ml each. The pellets plus the overlying 
1 ml of fluid of this second centrifugation 
were added #to the first centrifugation pellets. 
Then (NH,),S04 in powder form was added 
very slowly with constant stirring until a 
molarity of 1.9 was obtained. This material 
was centrifuged at  2,000 rpm for 15 min and 
the supernatant fluid which contained all the 
inhibitory activity, was then dialyzed for 24 
hours against saline after which it was filtered 
through a column (4  X 601 cm) of Sephadex 
G-200 equilibrated with Tris buffer, pH 8.0. 
The active column eluate was concentrated 
by evaporation and subsequently layered on 
a sucrose gradient and spun for 22 hours a t  
35,000 rpm. The active sucrose-gradient frac- 
tions were reacted with anti-a,M gammaglob- 
ulin (1:2 by volume) for 1 hour and pre- 
cipitated with (NH4)2S04 as before. The re- 
sulting supernatant fluid contained all the 
in hi bi tory activity . 

Results. The purification procedure pro- 
duced a product where more than 99.9% of 
the initial protein was removed but at least 
60% of the original HA-I activity remained 
(Table I ) .  Immunodiffusion tests indicated 
that none of the following serum proteins 
contaminated the final product: IgM globulin, 
IgG globulin, CQM maaroglobulin, 0 lipopro- 
tein, ceruloplasmin, haptoglobulin, transferrin, 
orosomucoid, chorionic gonadotropin, or group- 
specific proteins. 

Kaolin absorption for removal of nonspecific 
virus inhibitors also removed most of the 
p lipoprotein. Preparative ultracentrifugation 
concentrated the inhibitor and separated it 
from the lighter placental fluid proteins. By 
quantitative immunodiffusion, it was shown 
that in the (NH4)?S04 precipi&ttion step, 
IgM and IgG globulins were separated from 
the inhilbitor. I t  was also n o t 4  that the 
supernatant flcid of the (NH4).S04 pmipi- 
tation where the activity remained, contained 
o d y  10 to 15% of the mLM macroglobulin 
fcund in the pellet. Finally, ajfter sephadex 
G-200 filtration amd sucrosegradimt cenltnifu- 
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T A B L E  I. H A - I  Activity of Various Fractions 0bt:tinecl cluriiig Purificu tion of Placental 
1nh;bitoi.. 

Total iuiits of Total  Purification 
HA-I  titer H A - I  activity p r o t e h  mg factor 

Original placental fluid 640" 12.8 x 10'" 12,680 0 .O 1.0 
Kaolin-absorbed fluid 80 12.1 x 10' 6,666.0 1.8 
Centrifugation pellet 2,560 16.6 Y 10'  2,990.0 5.8 
(NH4)2 SO, supernatant fluid 2,560 16.6 x 10' 436.0 39.0 
Active column eluate 5.120 11.3 x 101 28.0 515.0 
Active sucrose f rac tioiis 10,240 10.2 x 10' 13.8 515.0 
Pure glycoprotein a f te r  reaction 5,120 10.2 x 10' 5.6 1750.0 

with Anti-mM gamma globulin 

a Guinea pig cells were employed for these proc~vlurc~s. Results a re  expressed as the highest 
dilution t h a t  completely inhibited heniagglutiuation. 

Titer times number of ml of material 
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FIG. 1. Elution diagram of Sephadex G-200 column fractions. The solid horizontal line indicates 
the alpha a2M distribution as determined by diffusion in agar gel. Trace amounts are shown 
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FIG. 2.  Sucrose density gradient diagram of active Sephadex (3-200 column fractions. Refer to 
legend Fig. 1 for further details. 

gation, a fraction wa obtained which con- 
tained only macroglobulins, namely uJI 
macroglobulin and the placental inhibitor. 

As can be seen in Fig. 1, the inhibitory 
activilty appeared in the first peak eluted 
from the Sephdex G-200 column, indicating 
that the inhibitor was a large molecule (14). 
When the active fractions 18-31 were then 
centrifuged on a sucrose gradient, the activity 
appeared in fractions 2-11 clwe to the bot- 
tom of the tube (Fig. 2). This is the same 
area as (that where a2M macroglobulin, a 
19s serum protein, is found. However, it 
was apparent that the inhibitor was not the 
usual serum uJPIZ macroglobulin since no HA-I 
activity was lost after reaotion with anti- 
human u ~ M  gamma globulin. After precipi- 
tattion with ( NH4) ?SO4 to remove the gamma- 
globulin, the inhibitory activity still remained 
in the supernatant fluid. When this super- 
natant fluid was tested by irnmunodiffusion 
for the presence of azM macroglobulin, nega- 

tive resuits were obtained. Attempts to sepa- 
rate the a2M macroglobulin and the placental 
inhibitor by stepwise elution from a DEAE- 
Sephad2x column ( 15) were unsuccessful. 
Only 25% of the inhibitor activity could be 
recovered with phosphate buffer 0.4M,  pH 
5.2. 

Fraotions obtained at  various steps of the 
purification procedures were also examined by 
disc electrophoresis. Patterns of the kaolin- 
absorbed fluid and the active sucrose-gradient 
fractions, after staining with Amido Black, 
are illustrated in Fig. 3 The sucrose-gradient 
fraotions show only one line corresponding to 
the u~RI impurity and the inhibitor itself. 
Staining with Oil red 0 gave negative results. 
Staining with Schiff reagent also gave one 
line as might be expected from the carbo- 
hydrate content of both aiM and the inhib'itrrr. 

In  our previous work (1) with placental 
fluids, i t  was observed that the inhibitory 
activity was very stable. Neither heat, pH, 
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FIG. 3 .  Disc-electrophoresis protein patterns of the 
holin-absorbed placental fluid and also of the x- 
tive sucrose-gmdien t fractions. 

concentration, or dialysis altered the inhibi- 
tory titer. It is known also that placental 
fluids can be stored for a year a t  4°C without 
loss of HA-I activity (16). However, in the 
present study it was found that the active 
Sephadex-column eluate and the sucrose- 
gradient pool began to lose activity after a 
few weeks at 4OC. After removal of the a2M 
macmglobulin impurity, the very dilute active 
fraction remaining was unstable and occa- 
sionally lost its titer in as short a time as 
a few hours. 

The inhibitory activity (Table 11) was 
destroyed by l-hour treatment with trypsin, 
chymotrypsin and papain. On the other hand, 
1-hour treatment with pepsin had no effect. 
Treatment with neuraminidase left less than 
l%of the activity, and sodium metapmidate 

completely inaotivated 'the placental inhihiitor, 
an indication of its glycoprotein nature. 
N-acetyl glucosamine, rhamnose, mannose, 
and galactose interfered with the readion of 
inhibitor and virus as shown by loss in HA-I 
titer. Finally, treatment with mercapto&hanol 
did not destroy the HA-I activity. 

Discussion. In previous work ( 1) the hu- 
man placental inhibitor was purified by using 
sulfosalicylic acid to precipitate out contami- 
nating proteins. The material obtained ap- 
peared to be immunologically and electror 
phoretically homogeneous. However, examina- 
tion of the purified inhibitor in the analytical 
ultracentrifuge (17)  showed a great amount 
of heterogeneity. A sedimentation coefficient 
a d y s i s  gave a value of 7.8s for the faster 
peak in the solution. Such heterogeneity could 
be explained on the basis of polymerization 
of a single species. The glycoprotein, isolated 
by Tamm and Harsfall from urin'e, for ex- 
ample, has four molecuilar species, all break- 
down products of the intact glycopratein; the 
molecular weights of each have been deter- 
mined (18). DiFerrante and Popenoe (19) 
isolated a pmtein which Maxfield (20)  dem- 
onstrated was one-half of the urinary glyco- 
protein. Maxfield (21) also showed that Ithe 
intact glycoprotein of Tamm and Horsfall 
readily produced quarter molecules if the 

TABLE 11. Sensitivity of the Hcmagglutination- 
Inhibitory Activity to Various Treatmenk. 

Hemagglu tination-inhibitory 
activity 

T restinent Before After 

Trypsin 640" 0 
Cliyinotrypsin 640 20 
Papain 640 0 
Pepsin 640 640 
Neuraniinidase 25G0 160 
NaIO, 320 0 
2-Mereaptmthanol 320 320 
Mmnose 1280 0 
N-Acetyl glucosnmine 1280 320 
Rlinmose 1280 1 GO 
Galactose 1280 160 

a,M antiserum 1280 1280 
Ci lu cowm i 11 e 1280 1280 

a See footnoto Table I. 
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purification procedure of DiFerrante and 
Popenoe was employed. I t  could be further 
dissociated by means of urea, alkali, acid, 
heat or nonaqueous solvents. Preparation of 
the smdler fragments have not been made 
in pure form. I t  appears, therefore, that in 
the isolation of large glycoproteins, mild meth- 
ods of purification should be used to avoid 
breakage of the native molecule. 

In  the present study, a simple and gentle 
method was employed for isolating the H-1 
placental inhibitor. In our previous work ( 1 )  
an alternative procedure that did not include 
treztment with acid resulted in a product 
that was contaminated with haptoglobins and 
a2M macroglobulin. To avoid the haptoglobin 
contamnation in the present study, only pla- 
cental fluids containinq 1-1 haptoglobins were 
used. Since 1-1  haptoglobin is a small mole- 
cule even after reaction with hemoglobin. it 
could be almost totally- eliminated by Sepha- 
dex G-200 filtration and completely eliminated 
after sucrose-gradient centrifugation. By re- 
action with anti a,M gammaglobulin and sub- 
sequent further purifier tion by ammonium sul- 
fate prtxipitakion or suaose-gradient centrifu- 
gation, the a2M contamination was prevented. 

The placental inhibitor sedimented as a 
macroglobulin by densi ty-gradient ultracen- 
trifugation. By disc electrophoresis and im- 
munodiffusion i t  behaved as a homogeneous 
product. Its activity was destroyed by tryp- 
sin, chymotrypsin, and papain indicating its 
protein nature. The fact that mercaptoetha- 
no1 did not affect the inhibitory activity indi- 
cated that the purified substance was not an 
IgM; this finding wzs confirmed by the ab- 
sence of IgM in the iinmunodiffusion tests. 
Lack of activity after neuraminidase or perio- 
date treatment indicated not only the glyco- 
protein nature of the inhibitor but also the 
likelihood that sugar groups in the molecule 
are involved in the reaction with H-1 virus. 
This latter finding is also supported by the 
inhibition of the placental glycoprotein action 
when i t  is tested in the presence of rhamnw,  
galactose, mannose, and X-acetylglucosamine. 

f t  is of intqret that the human inhibitor 
oczurs in placental fluids only, and not in 
sera or urines (2-16). This finding rules out 
any relationship of the unknown substance to 

placental lactogen which is produced by the 
placenta but is present in pregnancy sera and 
urine as well (22). IChorionic gonadotropin, 
a second placental hormone, is, like placental 
lactogen, a small protein (30,000 mw) ; i t  is 
also present in pregnancy sera as well as 
urine (23). The placental inhibitor thus 
appears to be a third protein product of the 
placenta. 

Summary. The glycoprotein found in. hu- 
man placental fluids that inhibits the hemag- 
glutination of H-1 and HB viruses has been 
obtained in a high degree of purity as shown 
by disc electrophoresis and immunodiffusion. 
It sediments as a macroglobulin whose bi* 
l o g i d  activity a n  be destroyed by tmadment 
with trypsin, chymotrypsin, papain, neuram- 
inidase, or sodium metaperiodate. The inhibi- 
tor possesses a remarkable capacity for re- 
acting with H-1 virus since it is active in 
as low a concentration as 0.004 pg/ml. 

The authors wish to express their gmtitude bo 
Dr. Helene W. Toolan for her encouragement cud 
advice. Appreciation is adso due to the h t n a m  
Memorial Hospital delivery room staff far lthek 
remarkable cooperation in obtaining the placent~~ 
used in this study. 
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Malaria: Extracellular Amino Acid Requirements for in Vitro 
Growth of Erythrocytic Forms of Plasnzodium knoudesi” (32666) 

HERMAN POLET AND MARCEL E. ‘CONRAD 
(With #the techni.cal (assistance of Charles F. Barr) 

Department of Hematology, Walter Reed Army Institute of Research, Washington, D .  C .  20012 

Previous investigations showed that dl- 
methionine was essential for both in vivo and 
in vitro growth and multiplication of erythro- 
cytic forms of Plasmodium knowlesi (3,4). 
The growth indium of those in vitro experi- 
ments cmtaid monkey serum which could 
supply other amino acids required for plas- 
m d i d  growth. In  Ithe present p a p -  the 
amino acid )requirements of P .  knowlesi were 
investigated further by studying p l a s d a l  
growth in media depleted of various amino 
acids. 

Materials and Methods. The preparation of 
plasmdial culstures, d e s c r h d  previously ( 5 )  , 
was modified as follows: 

Parasites. Blood was obtained from Rhesus 
monkeys (Macaca mulatta) , infected with P. 
RnowIesi by blood passage, when the para- 
sitemia had reaohd 1&30% rings or tmpho- 
milts. The number of parasitized cells was 
reduced to 10% by mixing with uninlfected 
monkey erythrocytes, when the prasitemia 
was higher than 10%. The erythrocytes were 
washed three times in 10 volumes of ice-cold 
Hanks’ salt solution containing 100 mg/loO 
ml glucqse. Each culture coatained 11 ml of 
medium and 0.03 rnl packed pamitized erylth- 
rocytes. Cditures were incubated at 37°C 
for 18-20 hours until the majority of the 
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parasites of ‘the control cultures had developed 
to imrmture whimnts and a few segmentem. 
Each culture was made in duplicate a.nd d l  
media were tested for parasitic growth in 
one experiment, repeated six times. 

Medium. Thirteen lots of Eagle’s )basal 
medium (1) were made, differing from each 
atha only in that one of the following 13 
amino aoids was misshg: I-cystine, I-arginine, 
I-tryptophan, Idhistidine, I-leucine, I-isoleucine, 
I-lysine, I-methionine, I-glu tamine, I- tyrosine, 
I-threonine, Z-valim, I-phenylalanine. A four- 
teenth medium containing all of the men- 
tioned amino acids served as a control. All 
media contained 0.2 mM of each of the fol- 
lowing amino acids: Z-alanine, I-aspartic acid, 
I-glutamic acid, I-proline, I-serine, and g1ycine.l 
The media were supplemented with 10% fresh 
human AB serum, dialysed against saline until 
free from amino acids as tested by complete 
diappearance of I - le~c ine-~~C,  I-isdeucine- 
14C, or Z-histidind4C added to the serum 
prior to dialysis. 

Determination of DNA.  In a second sat of 
three e-xperiments, 1 pC or0tic-6-~~C acid2 
hydrate (specific activity 3.88 mC/mmde) 
was added to each culture a t  the onset of 
incubation and DNA was extracted at the 
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