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Bin* of EFnV-IMAV to T4+ T Cells by a Complex 
of the llOK V i i  Protein and the T4 Molecule 

Human T-lymphotropic virus type I11 (HTLV-111) or lymphadenopathy-associated 
virus (LAV) is tropic for human T cells with the helper-inducer phenotype, as defined 
by reactivity with monoclonal antibodies specific for the T4 molecule. Treatment of 
T4' T cells with monoclonal antibodies to T4 antigen blocks HTLV-IIILAV binding, 
syncytia formation, and infectivity. Thus, it has been inferred that the T4 molecule 
itself is a virus receptor. In  the present studies, the surfaces of T4' T cells were labeled 
radioactively, and then the cells were exposed to virus. After the cells were lysed, 
HTLV-IIILAV antibodies were found to precipitate a surface protein with a molecu- 
lar weight of 58,000 (58K). By blocking and absorption experiments, this 58K protein 
was identified as the T4 molecule. No cell-surface structures other than the T4 
molecule were involved in the antibody-antigen complex formation. Two monoclonal 
antibodies, each reactive with a separate epitope of the T4 molecule, were tested for 
their binding capacities in the presence of HTL,V-IIILAV. When HTLV-IIILAV was 
bound to T4' T cells, the virus blocked the binding of one of the monoclonal 
antibodies, T4A (OKT4A), but not of the other, T4 (OKT4). When HTLV-IIUZAV 
was internally radiolabeled and bound to T4' T cells which were then lysed, a viral 
glycoprotein of l lOK (gpllO) coprecipitated with the T4 molecule. The binding of 
gpllO to  the T4 molecule may thus be a major factor in HTLV-IIILAV tropism and 
may prove useful in developing therapeutic or preventive measures for the acquired 
immune deficiency syndrome. 

I NEECTION WITH THE RETROVIRUS RE- 

ferred to as human T-lymphotropic vi- 
rus type 111 (HTLV-111) or lymphade- 

nopathy-associated virus (LAV) results in a 
numerical and functional depletion of T 
helperlinducer cells (1-3). In its most severe 
form, infection is clinically manifest as sus- 
ceptibility to oppormnistic infections or ma- 
lignancies and is known as the acquired 
immune deficiency syndrome (AIDS) (1,3- 
5). The essential immunologic features of 
AIDS can be reproduced in cultures of 
normal human lymphocytes where HTLV- 
IIIILAV infects, replicates in, and ultimately 
depletes T cells with the helperiinducer phe- 
notype as defined by reactivity with mono- 
clonal antibodies (T4, Leu 3, and CD4) (1, 
3-8). 

Apparently the T4 molecule on the cell 
surface of T helperlinducer cells is itself 
involved in the tropic interaction between 
T4' T cells and virus. Klatzman e t  al. (7) 

\ 3 

reported that viral replication was inhibited 
in vitro by incubating T cells with T4 mono- 
clonal anubodv (&b), which indicates in- 

, \  ,, 
volvement of the T4 antigen in some part of 
the replication cycle. Dalgleish e t  al. (8) 
constructed a virus pseudotype between 
HTLV-IIIILAV and vesicular stomatitis vi- 
rus and demonstrated that treating target 
cells with CD4 mAb inhibited virus replica- 
tion and syncytia formation (8). If the role 
of HTLV-IIIILAV virus in the pseudotype 
virus is to permit virus penetration (9) ,  these 
experiments provide more direct evidence 
that the T4 molecule is a virus receptor. In 

direct-binding studies, we have demonstrat- 
ed that cell-surface binding of HTLV-1111 
LAV and T4A mAb reciprocally inhibit 
each other and that treating lymphocytes 
with T4A mAb before virus inoculation 
inhibits infection and virus replication (10). 
In the present studies, we demonstrate at a 
molecular level the coprecipitation of virus 
and the T4 molecule and show which virus 
structure or structures participate in the 
binding reaction. 

In selecting a strategy for these experi- 
ments, we considered some results of bind- 
ing studies (Table 1). If phytohemaggluti- 
nin (PHA)-stimulated normal human lym- 
phocytes are treated with T4A mAb before 
being exposed to HTLV-111, binding of 
virus to these cells is inhibited. Treatment 
with T4 mAb, which binds to a separate site 
(epitope) of the T4 molecule (1 1 ), does not 
inhibit HTLV-IIIILAV binding. Converse- 
ly, if the cells are first treated with HTLV- 
IIIILAV, the binding of T4A mAb is inhib- 
ited but the binding of T4 mAb is not. 
Binding and binding inhibition results are 
the same whether performed on the T4' T- 
cell line CEM, on PHA-stimulated lympho- 
cytes, or on unstimulated lymphocytes (1 0). 
Three prototype strains of virus (HTLV-111, 
LAV, and CDC-451) grown in PHA-stimu- 
lated lymphocytes or the H9 or CEM cell 
lines were tested, and all displayed T4 bind- 
ing. [Reciprocal inhibition did not occur 
with any of a panel of other mAb's, includ- 
ing T3, T11, T8, Leu 8, T17, T10, Ia, Tac, 
4F2, and T9, and inhibition with T4A mAb 
was not due to a reaction with the virus 
rather than with cells (lo)]. Thus, with 
respect to a putative HTLV-IIIILAV pro- 
tein-T4 complex, the epitope recognized by 
T4 mAb on the complex should be accessi- 
ble whereas the T4A epitope may not be. 

A continuous human T4' T-cell line 

Immunology Branch, Division of Host Factors, Center 
for Infectious Diseases, Centers for Disease Conuol, 
Atlanta, GA 30333. 
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(CEM, subline E5) was surface-labeled with a 1 2 3 4 5 s 7 8 9 b 1 2 3  C I 2 3 4  d 1 2 3 4 5 6  

lZ51; the cells were incubated with virus, 
washed, and lysed with detergent buffer; 
and immunoprecipitations were performed 
on the lysates (Fig. la). Antibodies to 
HTLV-III/LAV coprecipitated a protein 
with a molecular weight of 58,000 (58K) &% 

(lane 1) which is the same molecular weight 
as the protein precipitated by T4A and T4 K K 

mAb's (lanes 7 and 8) (12). When HTLV- 
IIULAV binding was blocked by treatment 
of cells with T4A mAb, the 58K protein was 
not detected in HTLV-III/LAV-antibody 
precipitates (lane 4), whereas it was detected 
when the cells were treated with T4 mAb 30 - 
before virus incubation (lane 5). Further- -- 
more, when the v i rwT4 complex from 
lysates of virus-exposed cells was preab- 
sorbed with T4A or T4 mAb linked to 
Sepharose, preabsorption with T4 mAb re- zu - 
moved the 58K material that coprecipitates 14 - 
with virus and HTLV-III/LAV antibody 
whereas preabsorption with T4A d b  did Fig. 1. (a and b) Coprecipitation of the T4 molecule with H T L V - I U V .  Cells from the continuous 
not (Fig. lb). human T4+ T cell line, CEM (subline E5), were surface-labeled with '''1 by the lactoperoxidase 

we then incubated radioactively labeled technique (24). Labeled cells (10 x lo7) were washed, split into nine tubes, and incubated with 
H T L V - I I U V  (4 pg in 40 p1) (23) for 30 minutes at 37°C. Subsequent washes and manipulations 

mLv-llULAV with The cells were performed at 0" to 4°C. Washed cells were lysed by adding 1.0 ml of detergent lysing buffer (LB) 
were washed and lysed, and immunoprecipi- (25) and allowed to stand on ice for 15 minutes; the nuclei were removed by centrifugation at 30008 for 
tations were performed (Fig. lc). Immuno- 20 minutes. For absorptions, we prepared Sepharose conjugates of human HTLV-IIYLAV and 

with ~4 d b  coprecipitated a immune immunoglobulin G (IgG), nonimmune human IgG; the monoclonal antibodies T4A, T4, 
T11; and the murine paraprotein MOPC 141 (26). All lysates were absorbed with 200 p1 of Sepharose sing1e protein with a weight of nonimmune human IgG for 1.5 hours with rotation, and then immunoprecipitated with 20 pl of 

110,000 (gpl1O) (lane PO1~dOnal anti- Sepharose conjugates for 3 hours with rotation. The Sepharose absorbents were washed three times: 
body to HTLV-III/LAV precipitated the once with LB; once with LB containing 0 . 9 4  NaCI; and once with LB containing 0.1 percent sodium 
major proteins of the virus (lane 3) in a dodecyl sulfate (SDS). Absorbed material was eluted at 65°C for 30 minutes with 20 pl of sample buffer 

pattern that we believe is consistent with the [O.OLM tris, pH 8.0, containing 2 percent SDS, 5 percent 2:mercaptoethanol (by volume), 25 pg of 
bromphenol blue per milliliter, and 10 percent glycerol (by volume)]. Electrophoresis was performed in 

label used ([35S]methionine and [35S1cys- a 3.3 percent to 20 percent gradient polyacrylamide gel with a 3 percent stacking gel (23, and 
teine) and the source of the Virus (extraceflu- autoradiographs were developed with Kodak XAR-5 film. (a) Lane 1, precipitate with the antibody to 
lar as opposed to intracellular). By Western HTLV-IIYLAV; lane 2, antibody to HTLV-IIYLAV precipitated on lysed cells that had not been 
blot analysis of extracellular virus, the anti- incubated with virus; lane 3, nonimmune human IgG precipitate. Immunoprecipitations with antibody 

body to mLv-IIVLAV reacted with pro- to HTLV-IIYLAV were also performed on lysates from virus-exposed cells that had been treated 
(before incubation with virus) with T4A mAb (lane 4), T4 mAb (lane 5), or T l l  mAb (lane 6). In the 

teins of 13K~ ln<, 24K~ 31K, 39K, 41K, remaining lanes, cell lysates (not incubated with virus) were precipitated with T4A mAb (lane 7), T4 
51K, 66K, and llOK in titers ranging from mAb (lane 8), and T11 mAb (lane 9). T11 mAb and T4A mAb are the same Ig isotype (IgG2a). The 
1: 6400 to 2 1 : 1,000,000. Western blot or T11 antigen is not expressed by CEM cells. (b) Lysates of virus-exposed cells were preabsorbed with 
ra~o~mmunoprecipita~on analyses con- Sepharose monoclonal protein absorbents before specific immunoprecipitation with antibody to 

I3TL.V-IIYLAV: antibody to HTLV-III/LAV precipitated on lysates preabsorbed with T4A mAb (lane 
ducfed with Our serum in l1 other research I), T4 mAb (lane 2), or MOPC 141 (lane 3). T4 mAb and MOPC 141 are the same Ig isotpe 
laboratories produced similar results. The (IgG2b). (c) Coprecipitation of m v - I I I / L A V  gpllO glycoprotein with the T4 molecule. The S- 
antiserum also precipitated a 160K protein labeled virus was prepared as follows: PHA-stimulated normal human lymphocytes that had been 
when reacted with intracellular virus. ~h~ i n d a t e d  with HTLV-IIULAV 5 days previously (1 7) were washed, and 3 x 10' cells were suspended 
35s-labeled virus used in study was in 10 ml of cysteine and methionine-free RPMI medium containing 10 percent PHA (by volume) 

dialyzed fetal calf serum, [35S]cysteine (100 pCi/ml), and [3'S]methionine (100 pCilml). The cells were 
harvested extracellular *Ixre superna- incubated for 3 hours at 37"C, washed, and suspended in 30 ml of complete medium, and the culture 
tant and would be expected to have little or supernatant was harvested 24 hours later. Virus was concentrated 100-fold 9 ultracentrifugation at 
no 160K protein since this protein is the 90,0008 for 90 minutes over a cushion of 15 percent Renografin-60 (Squibb). 'S-labeled virus (40 p1) 

for the 1 1 0 ~  envelope protein was incubated with CEM cells (in 40 p1 of medium, 7.5 x lo6 cells per tube) for 30 minutes at 37°C. 
The cells were washed and lysed and treated as in (a) and (b). Lane 1, T4 mAb; lane 2, MOPC 141; lane and the 41K transmembrane protein (I3). 3, antibody to HTLV-IIYLAV; lane 4, nonimmune human IgG. T4 mAb and MOPC 141 are the same 

Similar results have been obtained by others Ig isotype (IgG2b). (d) Immunoprecipitation of the chemically cross-linked virus and cell surface 
who have compared intracellular with extra- protein complex with H T L V - I I U V  antibodies. PHA-stimulated normal human T4+ T cells 
cellular virus (13). we also did not detect (5 X lo7) (10) were radiolabeled and incubated with HTLV-III/LAV as described for (a) and (b). 

Virus-exposed cells were treated with dithiobis(succinimidyl) propionate (DSP), a chemical cross-linker the 51K protein. This protein is a precursor that can be cleaved under reducing conditions (16): 5 x lo6 cells per milliliter with DSP (50 ~ g l m l  in 
for 8'V region proteins (24K~ In<, and PBS,pH 8.3, containing 1 mM MgC12, and 0.02 percent NaN,) for 1 hour at 23°C. Washed cells were 
possibly 13K). Although the 51K protein is then lysed, and the lysates were preabsorbed, absorbed, eluted (with or without reducing agent, 2- 
highly antigenic and often is detected by mercaptoethanol, in the elution buffer), and electrophoresis was performed as for (a) and (b). Lanes 1 
western blot analysis, the actual protein and 4, antibody to HTLV-III/LAV precipitated with lysates of virus-incubated cells (lane 1, 

nonreduced; lane 4, reduced). Lanes 2 and 5, control experiments with antibody to H T L V - I I I W  
'Ontent of theflag precursor in extracellular precipitated with lysates of cells that had not been incubated with virus (lane 2, nonreduced; lane 5, 
virus has been reported to be low or absent reduced). Lanes 3 and 6, control nonimmune IgG precipitates from lysates of virus-exposed cells (lane 
(14). The intensity of the 41K band is 3, nonreduced; lane 6, reduced). 
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relatively weak. On the basis of amino acid 
sequences predicted from nucleotide se- 
quence data (13, 15), there are 26 methio- 
nine and cysteine residues in gpllO and, at 
most, seven in gp41. Thus, the relative 
intensities of gp41-and gpllO are not unex- 
pected and are similar to what others obtain 
with the same radiolabels (13). The autora- 
diograph in Fig. l c  was overdeveloped (for 
3 weeks) to intensify the weak bands in lane 
3, and we still did not detect any band other 
than gpllO in lane 1. Finally, the T4 (or 
T4A) mAb does not react directly with 
gpllO in immunoprecipitation with labeled 
virus or in Western blot analysis, nor does 
the HTLV-IIIILAV antibody precipitate 
anything in the llOK range from lysates of 
radiolabeled. uninfected CEM cells or PHA- 
stimulated lymphocytes. 

Although the CEM cell line has the essen- 
tial structures required for virus binding, 
infectivity, and replication, this line does not 
express all the cell surface structures of nor- 
mal T4' T cells (for example, T11 and T3). 
It is also ~ossible that. in addition to T4, 
another molecule is weakly associated with 
the T4-virus complex but is not recovered 
in the specific immunoprecipitates because 
of dissociation in the lysing buffer or during 
the manipulations. We treated virus-incu- 
bated cells with a bifunctional chemical 
cross-linker, dithiobis(succinimidy1) propi- 
onate (DSP). This compound covalently 

cross-links primary and secondary aliphatic 
arnines, is reactive at physiologic pH, and 
contains an internal dis-&ide goupthat  can 
be cleaved with reducing agents (16). The 
virus-exposed, chemically cross-linked cells 
were l$ed, the lysates were precipitated 
with HTLV-IIIILAV antibody, and the pre- 
cipitates were resolved by SDS-polyacryl- - .  . 

a&de electrophoresis under,reducing con- 
ditions (to break the internal S-S bond in 
the cross-linker). Only the 58K protein was 
observed in specific p;ecipitates i'rom PHA- 
stimulated normal human T4' T cells (Fig. 
Id, lane 4). Under nonreducing conditions, 
the virus-T4 complex had an aggregate mo- 
lecular weight of 320K to 400K (maximum 
intensity band at 360K). The stoichiometry 
of the k p l l 0 - ~ 4  complex cannot be 
ly determined because DSP treatment of 
virus alone results in cross-linking of pro- 
teins within the virus. 

These results indicate that binding of 
HTLV-IIIILAV to T4' T cells is due to a 
complex between gpllO and the T4 mole- 
cule- Results with -Go rnAb's reactive with 
different epitopes of the T4 molecule ind-  
cate that binding occurs in only a portion of 
the T4 molecule. Whether the same is true 
for the gpllO protein is unknown, as is the 
location of the epitope. 

Antibodies to the T4 molecule inhibit 
HTLV-IIIILAV infectivity for T4+ T cells 
(8-lo), and sera from HTLV-IIIILAV-in- 

Table 1. Inhibition of binding of T4A (but not T4) by HTLV-IIIILAV and of HTLV-IIIILAV by T4A 
(but not T4). The binding of HTLV-IIIILAV (tubes 1 to 5) or of mAb's (tubes 6 to 13) to PHA- 
stimulated normal human lymphocytes (5 x 10') (17) was determined by indirect immunofluorescence 
with a fluorescence-activated cell sorter (10). For inhibition of HTLV-IIIILAV binding, cells were 
incubated (30 minutes) with mAb's (25 ng in 25 p1) (22) before the addition of HTLV-IIIILAV (1 kg 
in 10 p1) (23).  For inhibition of mAb binding, cells were incubated (30 minutes) with HTLV-IIILAV 
(1 kg in 10 ~ 1 )  before the addition of mAb's (2.5 ng in 25 ~ 1 ) .  The T11 mAb detects the E-rosette 
receptor on T cells and is the same immunoglobulin isotype (IgG2a) as T4A mAb. In binding studies 
performed with cells from numerous donors ( n  > 20), T4-enriched or T4-depleted cell populations, or 
continuous cell lines, the percentage of cells that bound virus and the percentage of cells that expressed 
T4 were similar (within 5 percent of each other). 

Number of cells 
Tube First addition Second addition fluorescence 

positive (%) 

Binding revealed by fluorescein-labeled antibody to HTLV-mlLAV 
Buffer HTLV-IIIILAV 
T4A HTLV-IILLAV 
T4 HTLV-IILLAV 
T11 HTLV-IILLAV 
Buffer HTLV-IILLAV 

Binding revealed by Juorescein-labeled antibody to moue Ig 
Buffer T4A 
HTLV-IIIILAV T4A 
Buffer T4 
HTLV-IIIILAV T4 
Buffer T11 
HTLV-IIIILAV T11 
Buffer Buffer 
HTLV-IIIILAV Buffer 

fected subjects exhibit some capacity to in- 
hibit (neutralize) HTLV-IIIILAV infectiv- 
ity in vitro (17, 18). Thus, immunologic 
intervention directed toward binding sites 
of the gpllO-T4 complex may be a promis- 
ing approach to immunotherapy or vaccine 
development. However, the inhibition of 
infectivity by T4A mAb or HTLV-IIIILAV 
antibodids, in our hands, is not absolute. We 
obtain a 90 to 99.9 percent reduction in 
infectious virus titer in vitro (1 0, 17). This 
reduction mav not be sufficient to limit an 
established infection in vivo since infection 
and disease often progress despite the pres- 
ence of antibody, including antibody to 
gpl 10 (1 9), in HTLV-IIIJLAV-infected 
subjects. However, antibody may help limit 
the pace at which viral replication and T4+ 
T cell depletion occur and, thus, determine 
the balance between stable and progressive 
disease. Even if antibodv does not mediate 
resolution of established infection, it re- 
mains possible that antibody (induced by 
vaccination) would be effective in prevent- 
ing infection from an initial exposure to 
infectious virus where the virus burden and 
inoculum may be substantially lower than in 
an established infection. Moreover, it is 
possible that the precise epitope on gpllO 
involved in the gpllO-T4 complex is only 
marginally immunogenic when inoculated 
as intact virion and that maneuvers directed 
toward the precise epitope would be more 
effective than present observations sug- 
gest. 

The extent of the genomic diversity be- 
tween isolates of HTLV-IIIILAV, much of 
which is in the envelope (env) region that 
codes for gpllO (ZO), is unknown. If (puta- 
tive) protective immunity is strain-specific, 
construction of a vaccine will be more com- 
plicated. Furthermore, protective antibody 
could conceivably select for antibody-nonre- 
active pathogenic mutants (21 ) . However, if 
all pathogenically important strains of 
HTLV-IIIILAV display T4' T-cell tropism 
and if the gpllO-T4 interaction is critical to 
that tropism, it seems to us that this region 
of gpllO is likely to be conserved and that 
antibody directed against the critical epitope 
(or epitopes) should be broadly reactive 
with HTLV-IIIILAV isolates. 

It is also possible that there are mecha- 
nisms of infection that are independent of 
the gpllO-T4 interaction or that antibody 
reactive with the gpllO epitope, while pre- 
venting T4' T-cell infection, would divert 
or sequester virus (rather than destroy it) for 
replication or latency in other cell types. 
Nevertheless, it appears that T4' T-cell tro- 
pism is important in governing quantitative 
viral replication and pathogenesis, and that 
further studies of the gpllO-T4 interaction 
should be conducted.-- 
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Prostacyclin Stimulation of the Activation of Blood 
Coagulation Factor X by Platelets 

When platelets were incubated with prostacyclin, prostaglandin El, or prostaglandin 
D2 at concentrations insuflicient to increase the level of adenosine 3',5'-rnonophos- 
phate (cyclic AMP), coagulation factor X was activated by a platelet cysteine protease. 
Prostacyclin or prostaglandin El at higher concentrations increased the cyclic AMP 
level and inhibited the activation of factor X by platelets. Inhibition of platelet 
adenylate cyclase by 2',5'-dideoxyadenosine allowed the activation of the protease at 
higher concentrations of the autocoids. Prostaglandins Al, A?, B1, B2, E2, 6-keto- 
prostaglandin PI,, and thrornboxane B2, which do not affect platelet cyclic AMP level, 
did not stimulate the protease. 

T HE BLOOD COAGULANT FACTOR XA 
plays a pivotal role in the blood 
coagulation process through the for- 

mation of the prothrombinase complex (1 ). 
We showed earlier that not only is the 
activation of factor X a critical step in coagu- 
lation, but the activated factor is a potent 
inhibitor of thromboxane A2 synthesis in 
platelets (2) and prostacyclin (PG12) synthe- 
sis in endothelial cells (3). Durmg blood 
coagulation, factor Xa is produced by a 
limited proteolysis of factor X by two differ- 
ent but interrelated pathways known as the 
intrinsic and extrinsic pathways (4). Factor 
X is also reported to be activated by a ca2+-  

monophosphate (cyclic AMP) but do not 
seem to have any effect on the activation of 
blood coagulation factors (5, 6). Now, we 
report that the exposure of human blood 
platelets to amounts of these prostaglandins 
that are insufficient to increase cvclic AMP 
levels results in rapid stimulation of a pro- 
tease or proteases that activate factor X. 
Higher concentrations of these prostaglan- 
dins inhibit platelet-dependent activation of 
factor X as a result of the increase in cyclic 
AMP. These findings indicate the existence 
of a pathway by which prostaglandins in- 
duce the activation of factor X in platelets. 

Addition of 2 nM PG12 or PGEl to a 
dependentactivator present on the platelet mixture of gel-filtered platelets and purified 
surface (5). bovine factor X resulted in the generation of 

Prostacyclin, prostaglandin El (PGE1), factor Xa in the presence of purified bovine 
and PGD2 are known for their ability to factor Va, as indicated by hydrolysis of S- 
inhibit platelet aggregation by increasing 2222 (Fig. 1) or coagulation assay (7). 
the intracellular level of adenosine 3',5'- Human factor X was similarly activated. No 

of 0.03 ercent H 2 0 2  was added. Reaction was at 
23°C anBwas sto ped at 15 minutes by two centrifu- 
gations in so vo?umes of cold PBS contaming 10 

NaI. 
Lysin~ buffer is o.ouM tris, O.I& NaCI,$H 8.0, 
contaming 0.2 mM phenyleth lsulfonyl uonde, 
aprotinin (5 kgiml), 0.2 mM E ~ T A ,  0.2 mM NaF, 
0.2 percent sodium deoxycholate, and 0.5 percent 
Nonidet P-40 (by volume). 
The human sera (nonirnmune and HTLV-1111 
LAV-immune) were absorbed with CEM cells, and 
IgG fractions were prepared (17). Human IgG was 
coupled to Sepharose 4B (Pharmacia) by using 
CNBr [J. Porath, R, h e n ,  S. Ermback, Nature 
(London) 215, 1491 (1967)l. These absorbents con- 
tained 4 to 5 mg of IgG per milliliter of Sepharose. 
Monoclonal antibody and the MOPC 141 absor- 
bents are washed oreoarations of Se~harose CL- 
Protein A (2 mgLof'~rotein A pe; milliliter of 
Sepharose; Pharmacia) that had been incubated 
with '5 mg of monoclonal protein per milliliter of 
Sepharose-Protein A. 
D. M. Neville and H. Glossman, Methodc Enzymol. 
32, 92 (1979). 
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activity was observed if prostaglandin, plate- 
lets, or factor X was omitted. There was no 
effect on the activity of factor Xa (0.4 un- 
itlml) when either 2 nM or 10 nM PG12 or 
PGEl was added to the assay mixture. Other 
investigators have shown that the catalytic 
activitv of factor Xa in the conversion of 
proth;ombin to thrombin is enhanced by 
the interaction of protease with the platelet 
surface factor Va, which acts as the receptor 
of factor Xa (8). We found that the addition 
of factor Va increased by approximately 
tenfold the arnidolytic activity of factor Xa, 
as compared with controls containing no 
factor Va. Factor Va itself has no effect 
either on the hydrolysis of S-2222 or on the 
activation of factor X. The addition of factor 
Xa inhibitors like soybean trypsin inhibitor 
(23 phf)  or phenylmethylsulfonyl fluoride 
(2 mM) to the reaction mixture inhibited 
the hydrolysis of S-2222 by 100 and 95 
percent, respectively, indicating the genera- 
tion of factor Xa in the assav mixture. 

In a separate experiment, diisopropyl 
phosphofluoridate derivative of factor X was 
prepared as described previously except that 
factor Xa was replaced by the zymogen (2). 
When factor X was replaced by the inhibi- 
tor-treated zymogen in the incubation mix- 
ture, no factor -xa activitv was seen, as 
compared with the controls. Since diisopro- 
pyl phosphofluoride is a covalent inhibitor 
of factor ~a ( I ) ,  the prostaglandin-mediated 
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