
HI\/ R N A  copies per milliliter (10) .  
I t  has been generally believed that the 

immune response to HI\' is responsible for 
the  decline of virus conce l~ t ra t io l~  from the  
high levels seen early in infection ( I ,  11 ). 
In  particular, appearance of a cytotoxic T 
lymphocyte (CTL)  response specific to cer- 
tain HI\' epitopes close to the  time of the 
peak of HIV virus level has been observed 
( 3 ,  12,  13).  T h e  results from this model 
raise the  possibility that the  appearance of 
the  HIV-specific immune response is a con- 
sequence of the high level of virus but is not 
a nlajor cause of the  decline from thls high 
level. If this hypothesis is true, and the  
prevailing view that the  HI\'-specific im- 
mune response "controls" HI\' replication 
is not, one might expect to  find some pa- 
tients in whom virus levels decline from a 
high peak even in the absence of specific 
immmlne responses. Suggestive evidence can 
be found in the literature: O n e  patient (of 
five studied, patient AD11)  experienced a 
100-fold drop in virus concentratio~l during 
primary HI\/ infection even tlhouglh there 
was no  detectable HIV-specific antibody or 
C T L  response (3)."Another patient (again 
of a total of fi1.e studied, HOBR) had n o  
CTL response while viremia was being 
"controlled," albeit "less efficiently" than 
in patients with a response (13).  Lastly, 
data from three cliildren infected during 
childbirth showed no  evidence of C T L  re- 
sponses or neutralizing antibodies, even 
though the  increase in virus concentratiol~ 

u 

cot~sistent with primary virernia fell (14) .  
Estimates have suggested that infected 

uu 

cells and free virions have a very short 
half-life in HIV-infected persons (1 5 ,  1 6 ) ,  a 
mean of about 2 days for the  sum of the  
lifetinles of virus-producing cells and free 
virions. W e  have chosen s l i ~ h t l v  slower 

0 ,  

rates of removal of free virions (average life 
span, 112 day) and virus-producing cells 
(average life span, 3 days) because for rn~lch 
of the  period of infection being modeled 
(LIP to the  peak in free-virus concentra- 
t ion),  n o  HI\'-soecific inlrnune resnonse is 
tliought to occur. N o  introd~lction of a n  
immmlne resDonse a t  the  time of the  ~ e a k  
(by increasing the  values of o and 6)  has 
been nlodeled because it was felt to be 
important to study wlietlier the  virus could 
decline in the  absence of anv change in the  

u 

rate of removal of free virions and virus- 
infected cells. 

In  conclusion, simple modeling of the  
population dynamics of acute HIV infec- 
tion in the  absence of any assumption of a 
growing immune response suggests the pres- 
ence of a transient neak of virus concentra- 
tion. These results, and the  lack of a detect- 
able HI\/-s~ecific irnmmlne resDonse a t  the  
time of the  decline from the  initial virus 
peak in some patients, raise the  possibility 
that the decline in virus level seen 111 acute 

HI\/ infection is not  a reflection of the  (Plenum, Nevi York. 1995) 

of the H I V - ~ ~ ~ ~ ~ ~ ~ ~  ilnlnLlne re- 9. T. L Katzensteln eta/. ,  in preparation. 
13. S. Kinloch-de Loes era/, . N. EvgI. J. M e d  333, 438 

spotlse to  control virus replication. (1 9953 
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Dependence of Cyclin E-CDK2 Kinase Activity 
on Cell Anchorage 

Fang Fang,*-\- Gertraud Orend," Nobumoto Watanabe, 
Tony Hunter, Erkki Ruoslahti$ 

Most nonmalignant cells are anchorage-dependent; they require substrate attachment for 
growth and, in some instances, survival. This requirement is lost on oncogenic transfor- 
mation. The cyclin E-CDK2 complex, which is required for the G,-S transition of the cell 
cycle, was activated in late G, phase in attached human fibroblasts, but not in fibroblasts 
maintained in suspension. In transformed fibroblasts the complex was active regardless 
of attachment. The lack of cyclin E-CDK2 activity in suspended cells appeared to result 
from increased expression of CDK2 inhibitors and a concomitant decrease in phospho- 
rylation of CDK2 on threonine-160. Suppression of cyclin E-CDK2 activity may thus 
underlie the anchorage dependence of cell growth. 

M o s t  ~lntransfornled nlamnlallan cells fall 
to proliferate mhen they are prevented from 
attaching to a solld substrate, a phenome- 
non  known as anchorage dependence of " L 

grolvtli ( I ). Loss of anchorage dependence 
is the property of transformed cells that  
correlates best with tumorigenicity in vivo 
12). Anclioraee denendence has been at- " 

tributed to the  arrest of cell cycle progres- 
sion in late G, phase resulting from a lack of 
substrate adhesion ( 3 ) .  Because the  G ,  cy- 
clins-cyclin D and cyclin E-together 
with their associated cyclin-dependent ki- 
nases (CDKs) are key regulators in the  G I  
pliase (4 ) ,  we investigated whether the  ac- 
tivation of CDK complexes with cyclin D 
or cyclil~ E is controlled by cell anchorage. 
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Both KD and IblR90 untransformed hu- 
man dioloid fibroblasts were svnclironized in 
G, by k r u m  deprivation, spli; into attached 
and suspended cult~lres (5), and exposed to 
fetal bovine serum. Both cell lines failed to 
initiate D N A  synthesis mhen cultured in 
suspension (6 ) ,  cot~firlning that nonadher- 
ent  cells are arrested before entering S uhase. 

u A 

Althougli attached and suspended cells differ 
, . 
in size and shape, the protein contents per 
cell were similar (6) .  Immunoblot analysis of 
KD cell extracts showed that the expression 
of cyclin D l  and cyclin D3 (cyclin D2. is 
absent from KD cells) did not differ between 
attached and suspended cells during the G ,  
phase (Fig. l A ) .  T h e  aluounts of CDK4, 
CDK5. and CDK6. all of wliich can associate 
with cyclin D, mere also similar ~ lnder  both 
culture conditions. Moreover, in vitro reti- 
noblastonla protein (Rb) kinase assays (7) 
showed that  cyclin D l  and CDK6 immml- 
noprecipitates from G I  pliase cells were 
equally active under the  two culture con-  
ditions (Fig. I B ) .  These observations con- 
firm prevlous data ( 3 )  showing that  cell 
cycle progression through Inid G I  pliase, 
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which requires cyclin D-CDK activity, is 
independent of anchorage. 

The amounts of CDKZ and cyclin E pro- 
tein were similar in suspended and attached 
KD cells (Fig. 2A) and IMR90 cells (6). 
However, whereas a high level of cyclin 
E-CDK2 activity was present in attached 
KD and IMR90 cells around the G , S  tran- 
sition, little or no such activity was apparent 
when these cells were maintained in suspen- 
sion (Fig. 2B). Another anchoragedepen- 
dent human fibroblast line, FS, gave similar 
results (6). The amount of CDKZ protein in 
CDKZ immunocomplexes was similar in at- 
tached and suspended cells (Fig. 2C). In 
contrast, the HUT12 cell line, an anchor- 
age-independent, chemically transformed 
variant of KD cells (8), showed the same 
level of kinase activity in cyclin E immuno- 
precipitates regardless of adhesion conditions 
(Fig. 2B). Cyclin A activity was undetect- 
able in the suspended cells, as well as in the 
attached cells arrested by hydroxyurea; how- 
ever, it was readily measurable 3 hours after 
reattachment of suspended cells or removal 
of hydroxyurea from attached cells (6). 

The lack of cyclin E-CDK2 activity in 
suspended cells was not attributable to a 
defect in complex formation, because cyclin 
E immunoprecipitates obtained from at- 
tached and suspended cells contained sim- 
ilar amounts of CDKZ protein, as deter- 
mined by immunoblot analysis (Fig. 3A). 
CDKZ migrated as a doublet on a SDS- 
polyacrylamide gel; more of the faster mi- 
grating form was present in attached KD 
and FS cells, whereas the slower migrating 
form predominated in suspended cells. Only 
the faster migrating CDKZ was associated 
with cyclin E in HUT12 cells, whether 
attached or suspended. Because the faster 
migrating form of CDKZ corresponds to 
molecules that are phosphorylated on 
Thrlm (or both Tyr15 and Thrlm) (9), our 
observations indicated that phosphoryl- 
ation of CDKZ on Thr160 is reduced in 
suspended cells. This conclusion was con- 
firmed by isolating CDKZ from suspended 
and hydroxyurea-arrested attached cells af- 
ter labeling with [32P]orthophosphate (10). 
The extent of CDK2 phosphorylation in 
the attached cells was five times that in the 
suspended cells (6). In addition, phos- 
phopeptide mapping (I I ) demonstrated 
that CDKZ in the attached and suspended 
cells shared the same phosphorylation sites, 
but the extent of phosphorylation at these 
sites in the attached cells was five times 
that in the suspended cells (Fig. 3B). These 
results mle out the possibility that phospho- 
rylation on Thr14 and Tyr15, which are the 
inhibitory phosphorylation sites in CDK2, 
is the mechanism of cyclin E-CDK2 inhi- 
bition in suspended cells. Instead, decreased 
phosphorylation on Thrlm, a stimulatory 
phosphorylation site essential for CDK2 ac- 

500 

tivity (I2), may be one cause of the low 
cyclin E-CDK2 activity in suspended cells. 

Phosphorylation of CDKZ on Thr16' is 
catalyzed by the CDK-activating kinase 
(CAK), which is a heterotrimer of CDK7, 
cyclin H, and MAT (13). A high level of 
CAK activity was detected in CDK7 and 
cyclin H immunoprecipitates from the nu- 
clear fraction of both attached and suspend- 
ed KD and FS cells (6). indicating that CAK 
activity is not reduced in the suspended cells. 
Given that CAK is localized within the nu- 
cleus (14). nuclear localization of cyclin 
E-CDK2 is obviously a key requirement for 
activation of the complex. Indeed, subcellu- 
lar fractionation revealed that CDKZ and 
cyclin E, as well as CDK7 and cyclin H, were 
almost exclusively present in the nucleus in 
late G, in both attached and suspended cells 
(6). .This result excludes abnormal intracel- 

lular localization as the mechanism of cyclin 
E-CDK2 inhibition in suspended cells. In 
addition, the total amount of the Cdi (KAP) 
phosphatase, which catalyzes the dephospho- 
rylation of CDKZ phosphorylated on Thrlm 
(I5), as well as the amount of this protein 
bound to cyclin E-CDK2, was not affected 
by cell attachment (6). 

The decreased cyclin E-CDK2 activity in 
suspended cells was possibly attributable to 
an increase in the amount of a CDKZ inhib- 
itor. Three such inhibito1s~21~'~', 
p27K1P1, and p57K1P2-have been identified 
(16); they inhibit CDKZ kinase activity di- 
rectly as well as prevent the phosphorylatiop 
of Thrlm (17). We investigated whether the 
concentrations of any of these inhibitors dif- 
fered between attached and suspended cells. 
The amounts of p21C'P' and p27K1P1 in sus- 
pended KD and FS cells were four times 

Fig. 1. Progression of G, phase in adherent and nonadherent A Go G ,  G,-s 
KD cells. Cells were synchronized in Go and then split ~nto at- n n  
tached (At) or suspended (Su) cultures and exposed to serum as At At Su At Su 

: - , - -7 - 
described (5). (A) Expression of CDKs and D-type cyclins in G, _ _ _  -- - CDK4 
phase. Lane 1, serum-deprived cells; lanes 2 and 3, synchro- . - ~ - r ,  "- CDK5 
nized cells cultured in DMEM supplemented with 20% FBS for 7 
hours: lanes 4 and 5, synchronized cells cultured in DMEM - CDK6 
supplemented with 20% FBS and 2 mM hydroxyurea for 24 . - .  . ~, . *  

hours. lmmunoblots were probed with polyclonal antibodies to : - Cyciin Dl 

CDK4, CDK5. CDK6, cyclin D l ,  and cyclin D3 (7). (6) R b  kinase sx' - Cyclin D3 
activities of cyclin D l  and CDKG complexes. Immunoprecipi- 
tates were isolated from lysates of synchronized KD cells that 1 2 3 4 5  

had been cultured for 10 hours In DMEM supplemented w~th 20% FBS. B 
lrnmunoprecipitation was performed with whole rabbit serum (WRS) lWRS I E y y c ' i n  7' 
(lanes 1 and 2); antibodies to CDKG (lanes 3 and 4): or antibodies to *' At Su At Su 

cyclin D l  (lanes 5 and 6). Kinase activity associated with the immuno- --- -Rb-C 
precipitates was measured as described (7). Eaual numbers of cells 1 2 3 4 5 6 

were used for each immunoprec~pitation. Rb-C, fusion protein of gluta- 
thione-S-transferase and the COOH-term~nal fragment of human pRb. More than 95% of the cells 
cultured in suspension were viable in each experiment as judged by trypan blue exclusion. CDK4 
imrnunoprecipitates showed equal but low activity for attached and suspended KD cells that had been 
exposed to 20% FBS for 10 hours (6). 

Fig. 2 Effect of cell anchorage on the concentration 
and kinase activity of cyclin E and CDK2. (A) Expres- 
sion of CDK2 and cyclin E in G, phase. Lane 1, KD 
cells deprived of serum for 60 hours (5); lanes 2 and 3, 
synchronized cells cultured in DMEM supplemented 
with 20% FBS for 7 hours; lanes 4 and 5, cells cul- 
tured in DMEM supplemented with 20% FBS and 2 
mM hydroxyurea for 17 hours. lmmunoblots were 
probed with polyclonal antibodies to CDK2 and to 
cyclin E (7). (B) Kinase activtty of cyclin E-CDK2. At- 
tached (At) or suspended (Su) KD (lanes 1 to 6), 
IMR90 (lanes 7 to lo), or HUT12 (lanes 11 and 12) 
cells were cultured for 24 hours in DMEM containing 
20% FBS and 2 mM hydroxyurea (5). CDK2 (lanes 3, 
4,7, and 8) and cyclin E (lanes 5,6,9,10,11, and 12) 
were immunoprecipitated and assayed for Rb kinase 
activity (7). lmmunoprecipitates prepared with whole 
rabbi serum (WRS) (lanes 1 and 2) were used as 
controls. (C) Detection of CDK2 protein. The CDK2 
immunoprecipitates isolated from KD or IMR90 cells 
as described in (B) were subjected to immunoblot 
analysis with antibodies to CDK2. The control immu- 
noblot with WRS was negative (6'). 

Cyclin E 

WRS CDK2 Cycltn E CDK2 Cyclln E Cycltn E 

'AISU"A~ SU' 'At ZG'ZG %? 
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those in the corresponding attached cells; 
the amount of p57K1P2 was similar under the 
two conditions (Fig. 4A). The increased in- 
hibitor concentrations were primarily attrib- 
utable to increased expression rather than 
decreased degradation in the GI phase (18), 
because the attached cells contained only 
slightly more p27K1P1 in Go than in GI under 
our experimental conditions (6). The 
amount of p27K1P1 in cyclin E immunopre- 
cipitates from suspended cells was two- to 
fourfold that found in attached cells (Fig. 
4B). Consistent with the increase in p21C1PL, 
the amount of CDKZ co-immunoprecipi- 
tated with p21C1P1 from suspended FS cells 
was three times that observed with attached 
cells. However, despite the fact that more 
CDK2 was associated with p21C1P' in sus- 
pended FS cells, the in vitro histone H1 
kinase activity of p21C1P1 immunoprecipi- 
tates prepared from lysates of suspended cells 

was almost undetectable, whereas a substan- 
tial amount of kinase activity was present in 
p21C1P1 immunoprecipitates isolated from 
attached cells (6). probably because cyclin 
E-CDKbinhibitor complexes with a low 
inhibitor to cyclin E-CDK2 ratio retain ac- 
tivity (19). The increased amounts of 
p27K'P1 and p21C1P1 associated with cyclin 
E-CDK2 could account for the decreased 
phosphorylation of CDKZ on Thr16', as well 
as on Thr14 and Tyr15, that we observed in 
suspended cells; both inhibitors block CDK2 
phosphorylation at ThrL6" (1 7) and p21c1PL 
blocks phosphorylation at Tyr15 (20). 

The three CDKZ inhibitors were present 
in HUT12 cells at concentrations compa- 
rable to those in KD and FS cells. Further- 
more, the amounts of p21C1P1 and p27K1P1 
were greater in suspended than in attached 
HUT12 cells (Fig. 4A). This result was 
unexpected because cyclin E-CDK2 activ- 

Fig. 3. Cyclin E-CDK2 complex formation (A) and phospho- 
rylation of CDK2 (B) in attached and suspended cells. In (A) 
attached (At) and suspended (Su) FS (lanes 1 and 2), KD 
(lanes 3 and 4), and HUT1 2 (lanes 5 and 6) cells were cul- 
tured for 17 hours in DMEM supplemented with 20% FBS 
and 1 mM hydroxyurea. lmmunoprecipitation of cell lysates 
prepared with equal numbers of cells was performed with 
antibodies to cyclin E. Proteins were separated by electro- 
phoresis on precast 4 to 20% SDS-polyac~ylamide gels 
(Novex) and subjected to immunoblot analysis with antibod- 
ies to CDK2. In (B) attached (left panel) and suspended (right 
panel) KD cells were labeled with [32P]orthophosphate (70). 
CDK2 was immunoprecipitated with antibodies to cyclin E, 
and visualized by electrophoresis and autoradiography. 
Phosphopeptide mapping of CDK2 was performed as de- 
scribed (1 7). Spots a to d indicate phosphopeptides contain- 
ing Thri4 and Tyri5 (a), Tyri5 (b), and Thriw (c), as well as a 
minor unidentified peptide (d). Electrophoresis at pH 1.9 was 
performed in the horizontal dimension with the anode on the 
left (origin shown by arrowhead in the I& corner), followed by 
chromatography in the vertical dimension. 

Attached cells Suspended cells - - - -  - 
*1 1 

Fig. 4. CDK2 inhibitors in at- A 
tached (At) and suspended FS KD FS KD HUT~Z 
(Su) FS, KD, and HUT1 2 cells. ~~~ nnn A t  Su A t  su ~t  su 
Cells were cultured for 17 
hours in DMEM su~wlement- -ClPl - KIPI 
ed w~th 20% FBS and 1 mM 1 2 3 4 5 6  
hydroxyurea. (A) lmrnunoblot - K1pl . . 
analysts of p21 "", p27K'P1. 
and ~ 5 7 ~ ' ~ '  in whole cell ly- - KIP2 FS HUT12 

sates of FS (lanes 1 and 2). ' 5-G" At Su ' 
KD (lanes 3 and 4), and 
HUT1 2 (lanes 5 and 6) cells. (6) Lanes 1 to 6: Cyclin E irnrnunopre- 
cipitates were Isolated from attached and suspended FS (lanes 1 and 
21, KD (lanes 3 and 4), and HUT1 2 (lanes 5 and 6) cells and subjected 
to irnrnunoblot analysis with antibodies to p27K1P'. Lanes 7 to 10: 
p2lCIP' was irnrnunoprecipitated from attached and suspended FS 
(lanes 7 and 8) and HUT1 2 (lanes 9 and 10) cells and was subjected to 
~rnmunoblot analysis with antibodies to CDK2. Lane 1 1 : Total lysate of 
HUT1 2 cells probed with antibodies to CDK2. Attempts to co-irnrnu- 
noprecipitate ~ 5 7 ~ " ?  with cyclin E or CDK2 were unsuccessful. (C) 
Comparison of CDK2 and cyclin E concentrations in KD and HUT12 
cells. Whole cell lysates prepared from attached and suspended KD 
(lanes 1 and 2) and HUT12 (lanes 3 and 4) cells were probed with 
antibodies to CDK2, cyclin E. and $-tubulin (control). 

- = Cyclin E 

- Tubulin 

1 2 3 4  

ity was high in both attached and suspend- 
ed HUT12 cells. However, CDK2 and cy- 
clin E concentrations in HUT12 cells were 
four to five times those in KD cells (Fig. 
4C) and IMR90 cells (6). The same was 
also true of the amount of cyclin E-CDK2 
complex (6). Thus, the cyclin E-CDK2 
complex would appear to be present in ex- 
cess relative to the inhibitors in suspended 
HUT12 cells and therefore remains unin- 
hibited; increased expression of cyclin E 
and CDKZ may be important in the onco- 
genic transformation of HUT12 cells. 

Together, our results indicate that the 
cell cycle is blocked in suspended cells at the, 
level of cyclin E-CDK2 activity and that 
this block is attributable to increased expres- 
sion of CDK2 inhibitors. This mechanism 
resembles the cell cycle arrest induced by 
transforming growth factor+, for which a 
similar fourfold increase in p27K1P1 is suffi- 
cient to arrest mink MvlLu cells in GI with 
inactive cyclin E-CDK2 complexes (21). 
Anchorage dependence has previously been 
linked to inhibition of cyclin A expression; 
rodent NIH 3T3 and NRK fibroblasts were 
shown to lack cyclin A when grown in sus- 
pension, and forced expression of exogenous 
cyclin A rendered NRK cells partially inde- 
pendent of anchorage (22). Our data suggest 
that the absence of cyclin A in unattached 
cells is a consequence of cell cycle arrest in 
late GI phase, rather than the cause of the 
arrest, because cyclin A is induced and func- 
tions in early S phase, after the activation of 
cyclin E-CDK2 (4, 23). The anchorage in- 
dependence of NRK cells induced by over- 
expression of cyclin A may result from an 
ability of cyclin A to replace cyclin E func- 
tionally, or it may reflect the fact that a 
major function of activated cyclin E G K 2  
is to induce cyclin A expression. 

Cell anchorage is mediated by the bind- 
ing of cell surface integrins to extracellular 
matrix proteins (24). The integrins are con- 
nected to focal adhesion kinase and various 
cytoskeletal components inside the cell 
(25), but it is unclear how the engagement 
of integrins eventually regulates progression 
of the cell cycle. Our results suggest that 
cyclin E-CDK2 kinase is the ultimate target 
of this complex regulatory pathway. Given 
that epithelial and endothelial cells under- 
go apoptosis when denied anchorage (24), 
this pathway also niay control cell survival. 
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Angiotensin !I-forming Activity in a 
Reconstructed Ancestral Chymase 

Unnikrishnan M. Chandrasekharan, Subramaniam Sanker, 
Manuel J. Glynias, Sadashiva S. Karnik, Ahsan Husain* 

The current model of serine protease diversity theorizes that the earliest protease mol- 
ecules were simple digestive enzymes that gained complex regulatory functions and 
restricted substrate specificities through evolution. Among the chymase group of serine 
proteases are enzymes that convert angiotensin I to angiotensin II, as well as others that 
simply degrade angiotensins. An ancestral chymase reconstructed with the use of phy- 
logenetic inference, total gene synthesis, and protein expression had efficient and specific 
angiotensin Il-forming activity (turnover number, about 700 per second). Thus, angio- 
tensin Il-forming activity is the more primitive state for chymases, and the loss of such 
activity occurred later in the evolution of some of these serine proteases. 

Chytnases are a farn~ly of closely related 
mast cell serlne Droteases that are 111vol1red 
in diverse functions such as peptide hor- 
rnone processing ( I -4), the  inflamlnatory 
response (5), and parasite expulsion (6) .  
Although all chymases resemble chymotryp- 
sin in that they hydrolyze peptide bonds at 
the  COOH-termini of hydrophobic aromat- 
ic residues (such as Phe, Tyr, and Trp) ,  the 
use of an  extended substrate-binding site 
allows a remarkable decree of selectivity in  - 
the bonds that are ul t~matel \  hydrolyzed 
(7 ) .  For example, human and baboon chv- 
lnases efficiently form the potent vasocon- 
strictor hormone angiotensin (Ang)  I1 by 
cleaving the  Phe"His9 bond in Ang  I (2) .  
In  the  ~ r i r n a t e  heart and its vessels, chy- 
tnase is a major Ang  IILforming enzyme (8, 
9). In  contrast to chymotrypsin, which de- 
grades Ang  11, the  high specificity of human 
chytnase is illustrated by the  fact that it 
does not cleave the Tyr4-Ile5 bond in A I I ~  
11, and thus the generated Ang  I1 is not 
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degraded (2) .  Rat chymase-l readily de- 
grades Ang  I and Ang  I1 (3). 

Is the  specificity observed in some chy- 
rnases ( that  is, the  forlnatioll of Ang  I1 
\vithout its subseauellt de~rada t ion)  an  ear- - 
Iy or late feature of evolution? Parsimony- 
based reconstruction of ancestral ribonucle- 
ase (10) suggested that a similar approach 
could be used to reconstruct the  orieinal " 
state for chylnase evolution. LVe created an  
a l~gnlnent  of chylnase and related leukocyte 
serine protease sequences by using several 
conserved primary and secondary structural 
motifs as anchors (Fig. 1 ) .  T h e  most parsi- 
monious phylogenetic tree of leukocyte 
serine proteases was inferred by parsitnony 
analysis, which has been shown to  accurate- 
ly predict known phylogeny ( I  I ). T h e  boot- 
strap value (95%) supports the segregation 
of chymases as a distinct group of enzyrnes 
\vithin the  leukocyte serine protease family 
of enzymes. LV~thin the chylnase group of 
enzymes, human chymase, baboon chymase, 
dog chymase, and mouse chymase-5 form a 
distinct subgroup that n.e have classified as 
a-chymases (bootstrap value, 98?h). Al- 
though we classified the  remaining known 
lnatnrnalian chymases as P-chymases, the  
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