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Specific Tropism of HW-1 for Microglial Cells in 
Primary Human Brain Cultures 

Human immunodeficiency virus (HIV) frequently causes neurological dysfunction 
and is abundantly expressed in the central nervous system (CNS) of acquired 
immunodeficiency syndrome (AIDS) patients with HIV encephalitis or myelopathy. 
The virus is found mostly in cells of the monocyte-macrophage lineage within the 
CNS, but the possibility of infection of other glial cells has been raised. Therefore, the 
effects of different HIV-1 and HIV-2 strains were studied in primary cultures of adult 
human brain containing microglial cells, the resident CNS macrophages, and astro- 
cytes. These cultures could be productively infected with macrophage-adapted HIV-1 
isolates but not with T lymphocyte-adapted HIV-1 isolates or two HIV-2 isolates. As 
determined with a triple-label procedure, primary astrocytes did not express HIV gag 
antigens and remained normal throughout the 3-week course of infection. In contrast, 
virus replicated in neighboring microglial cells, often leading to their cell fusion and 
death. The death of microglial cells, which normally serve immune functions in the 
CNS, may be a key factor in the pathogenesis of AIDS encephalitis or myelopathy. 

H UMAN IMMUNODEFICIENCY VI- 

rus not only infects T lymphocytes 
and cells of the monocyte-macro- 

phage lineage (1-3) but also often spreads to 
the nervous system and causes a variety of 
neurological dysfunctions (4) such as acute 
and chronic meningitis, inflammatory and 
sensory neuropathies and myelopathy, as 
well as encephalitis (5). Encephalitis gives 
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rise to a decline in memory and cognitive 
functions, in addition to sensory and motor 
disturbances, generally known as AIDS de- 
mentia. Pathologically, the CNS diseases 
caused by HIV-1 are characterized by the 
presence in several cortical and subcortical 
regions, as well as in the basal ganglia and 
spinal cord, of perivascular and infiltrating 
macrophages and lymphocytes, microglial 
nodules, and multinucleated giant cells (5, 
6). These features are accompanied by dif- 
fuse gliosis and various degrees of demyelin- 
ation in the white matter of brain or spinal 
cord. In postmortem samples of brains from 
AIDS patients, expression of HIV genes has 
been detected by in situ hybridization in 
multi- and mononucleated cells that express 
monocyte-macrophage lineage markers and, 
more rarelv. in endothelial cells. astrocvtes. 

i '  i ,  
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HIV gag antigens have been shown by irn- 
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+Present address: Repligen Corporation, Kendall munohistochemisvy to be in individual mi- 
Square, Building 700, Cambridge, MA 02139. croglial cells and microglial nodules (7). 

Moreover, macrophages infected with HIV 
have been identified in cultures derived from 
the brain of AIDS victims (1). These studies 
indicate that the principal sites of viral repli- 
cation within the CNS are cells that express 
markers for the macrophage-monocyte lin- 
eage, including microglial cells. 

An in vitro svstem is clearlv desirable to 
study the mechanisms of entry, replication, 
and assembly of HIV in CNS cells; to 
examine whether certain strains of HIV 
have a preferential tropism for specific cell 
types; and to determine the fate of CNS cells 
infected by HIV. Although adult CNS neu- 
rons have not yet been maintained in cul- 
ture, all nonneuronal cell types of the brain 
have been cultured successfully, including 
astrocytes, oligodendrocytes, and microglial 
cells (10, 11). Adult human brain tissue was 
resected from temporal lobe as a therapeutic 
measure in patients with intractable epilepsy 
(this form of epilepsy is resistant to drug 
therapy; histopathologically, tissue is nor- 
mal or shows mild gliosis). Tissue was enzy- 
matically dissociated; cells were seeded onto 
plastic dishes and cultured as described (leg- 
end to Fig. 1). These primary cultures con- 
tained significant numbers of microglial cells - 
expressing monocyte-macrophage lineage 
markers such as LDL-R (low-density lipo- 
protein receptor) (12), Leu M3 and Leu M5 
(13), EBMl l  (14), and OX42 (15); astro- 
cytes that express GFAP (glial fibrillary acid- 
ic protein) (16); and flat cells that express 
cell surface fibronectin (fibroblasts or men- 
ingeal cells) (17), as seen by fluorescence 
microscopy (legend to Fig. 2). The survival 
of microglial cells was optimized by addition 
of giant cell tumor (GCT) supernatant, a 
mixture of cytokines (18). ~ i g h e r  density 
cultures of purified microglial cells were 
obtained from a freshly resected and disso- 
ciated malignant glioma by means of a 
differential adhesion method (legend to 
Fig. 3). Cultures were infected at 14 to 18 
days in vitro with HIV-1 and HIV-2 
strains of different origins and cellular tro- 
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pisms (19). The production of HIV by 
these cultures was followed by measuring 
reverse transcriptase (RT) (20) and p24 
gag core antigen levels (21) in the tissue 
culture supernatant. 

Using these assays, we found that our 
glial d cultures could be productively in- 
fected by two macrophage-adapted isolates 
of HIV-1 (HIV-l-rn) and H I V - 1 s ~ )  
but not by T lymphocyte-adapted HIV-1 
strains ( r n - 1 ~ ~ ~  and HIV- ~HTLV-IIIB), a 

O h . . . .  6 : - - . . . * .  12 ' - . ' . . ' . . '  18 24 
Day after lnfectlon 

Fig. 1. Only HIV-l-(,) and HIV-1- gave 
rise to reductive inknons in cultures of adult 
human grain. Peak levels of RT activity were seen 
at 12 to 17 days PI. These were 7.04 X 10' 
cpdml for HIV-l-(M) (0) and 3.6 x 10' 
cpnlml for HIV-lmL (a). All other strains of 
virusfailodtoproduceRTactivityabovcmock- 
infccad control or backgmund levels 
(9.9 x ld + 3.6 x 1 d  cpdml). (A) HIV- 
1 ~ ~ 4 %  (+) ~ - ~ H T L v - I I I &  (0) W-lA!638, 
(') HIV-2.M,, and (X) H I V - 2 ~ ~ .  In addmon, 
p24 core antigen assays (21) were pedbmed on 
these supanatants and showed peak p24 umcen- 
ations of 104.9 ng/d for HlV-l-rn and 
40.8 ng/d for HIV-1-. RT levels of supana- 
tants from cultures infatcd with HIV-lmm 
were similar whether the iwculating virus had 
been grown only in macrophages or grown in 
PBL after 12 passages in macrophages; the results 
shown here are all fiwn infection with HIV- 

in PBL. Cultures infatcd with 
HIV-lm(,) p* by. infatcd .mi-@ 
also gave similar RT levcls. Tmue obtwKd f i  
partial temporaJ lobe d o n  for inactabk 
epi!epsy was dkgglqated, as previously de 
scribed (11). cells were plated (in 100-pl drops 
for 2 hours) onto ply-D-lysinemated 35-mm 
dishes, then and maintained in DMEM plus 
10% GCT and 5% FBS (18). By 14 days in ?tm, 
cultures were dear ofmyclin debris and concuned 
-5 x ld LDGR+ (12) micmghal cells, 1 x 10) 
GFAP+ (16) asnocytes (Saining mahod &- 
scribed in Fig. 2), and 1 X I d  fibroncctin-posi- 
tivc &at cells (17). No staining for faceor m- 
related antigen (32), a marker for endothclial cells, 
was observed. At 14 days in vim, cultures were 
inoculated with HIV owrmght at 37°C by incu- 
bation with viral samples containing 1 x I d  to 
2 x l d c p d p l l  of RT activity for all strains 
accpt HIV-lA1638 (1 x 10' cpm/d of inocu- 
lum). Supernatants were collected at 3- to 4day 
intervals, stored at -7OT, and assayed for RT 
activity with [a-32~]thymidine mphosphatc (20). 
Experiments were performed seven times with 
HN-l-(m three times with HIV-1- 
twice with dK other mains, each time wth 
cultures from a diffcrrnt biopsy. Values given are 
the mean of three or more duplicates in a slngle 
experiment; error bars are the standard deviation. 

primary HIV-1 isolate ( H I V - ~ A I ~ ~ ~ ) ,  or by 
two isolates of HIV-2 (HIV-2sbVBy and 
H I V - 2 ~ ~ )  (Fig. 1). In cultures infeaad 
with the two macrophage-adapted strains, 
peak levels of RT and p24 core antigen 
production were seen at 12 to 17 days 
postinoculation (PI); cultures infected with 
HIV-l-rn) produced higher levels of RT 
and p24 than cultures i n f d  with HIV- 
lBAL (Fig. 1). The levels of RT and p24 
produced by H I V - l ~ ~ g l ~ ~ h f k t d  cul- 
tures were proportional to the number of 
microglial cells present in the cultures (22). 
Cultures infected with other HIV-1 or 
HIV-2 strains did not produce measurable 
RT or p24 (21). 

To determine which of the diEerent d 
types present in these cultures were express- 
ing viral antigens, we used a triple-color 
labding pmcedure at difftrent time points 
after infection. This permitted the identifica- 
tion of (i) microglial cells by labeling with 
DI-LDL (l,l'-di0ctadccyl-l-3,3,3',3'-tet- 
ramethyl-in-anine perchIoratc+ 
conjugated low-density lipoprotein) (12) 
(red fluorescence, Fig. 2); (ii) astrocytes by 
labeling with antibodies to GFAP (anti- 
GFAP) (16) (blue fluorescence, Fig. 2); and 
(iii) intradular HIV-1 antigens by labeling 
with antibodies to p17 gag antigens (23) 
(green fluorescence, Fig. 2A). The HIV gag 
gene products p17 and p24 could both be 

identified in these cultures by immunostain- 
ing; anti-pl7 was used routinely to detect 
HIV-1 expression. None of the cells in our 
cultures e x p d g a g  antigens a f k  inocula- 
tion with strains of W-1 other than HIV- 
lmM) and HIV-lea. Triple staining on 
parallel control cultures dearly shows the 
absence of green fluorescence for p17 and 
the presence of higher numbers of LDGR+ 
microglial cells in the absence of viral infec- 
tion (Fig. 2B). All p17+ cells were also 
LDL-R+, i d e n w g  them as miuoglial 
& (Fig. 2A); in no case did we 6nd 
staining for p17 in GFAP+ asaocytts in 
primary glial cell cultures infeaad with 
HIV-1 (Fig. 2A) or HIV-2 (21). We con- 
cluded fiom these experhents that micro- 
glial cells were the only & in these cultures 
synthesizing significant levels of viral pro- 
teins. 
The progression of infeaion of miaoglial 

& in cultures inoculated with either HIV- 
or HIV-lBaL was d a d  in 

detail. Microglial cells in mock-infected ad- 
tures, m which they often resemble activated 
microglial & (24), stayed scattered or 
formed small groups (two to five &) 
during the Bperimcnt. In contrast, microg- 
lid & in infecttd cultures formed p r o p -  
sivdy larger dusters (up to 20 cells) from 1 
week PI and fhed to form multinudeated 
&. Such microglial cell clustering and 

m. 2. Tripk immunofluomance labehog of adult human bnin cuhres fbr LDGR (red), GFAP 
(blue), and HIV-1 p17 (gram); mpk exposure: (A) HIV-l--infccad culture at 10 days PI; ody 
LDGR+ microglial cells were labeled with anti-pl7, which stained cytoplasmic agpgates, while 
GFAP+ aarocyra were nut labeled. 1nf;snd cultures contained frwer LDGR+ microglial cells than 
d- infccad  cultures. (8) Mock-iaktai culture at 10 days PI; no labding with anti-pl7 was san in 
any cell. Scale bar, 50 pm. Cultures of adult human brain were grown and infatcd as described in Fig. 
1. Live cells were labeled with Dil-LDL, which binds to the LDGR (12) on microglial cells, fixed with 
2% parafbrmaldehyde, and pmneabilized with Triton X-100 (0.05%). Cultures were then stained with 
rabbit antiserum to GFAP (to idcnmify aamqcs), and vkuahd with donkey a n y  
immunoglobulins (Iga) conjugated to biotin followed by ~t~~ptavidin-AMCA (16). HIV an were 
identi64 by staining with moue monoclonal anti-HlV-1 p17 antibody (23), and v h a b d  gal 
antiserum to mouse IgG conjugated to 5 w ~ .  Prprations were examined and photograp on a 
ZeisP Axiophot 51uxacence miamcope equipped with appropriate 5uomcence filters. This staining 
was paformcd on more than 50 H I V - 1 - a  cultures from sew% &rent biopsies at 
diffcrrnt times PI; the same pamm of staining was seen in cells infccad with HIV-lm~ 
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fusion was characteristic of the progression 
of HIV-1 infection in normal brain cultures 
and was especially striking in cultures en- 
riched in microglial cells derived from a 
malignant glioma (Fig. 3, A to L). To 
correlate the cytopathic changes seen in 
microglial cells with viral antigen expres- 
sion, we examined preparations that had 
been double-labeled with Dil-LDL and anti- 
p17 at 3,9, 15, and 21 days PI. At 3 days 
PI, only a few LDL-R+ cells had a dotted 
pattern of p17 cytoplasmic immunduores- 
cence (Fig. 3, B and C). The percentage of 
cells expressing p17 increased during the 
next week (15 to 20% at 6 to 9 days PI to 60 
to 70% at 15 days PI) and was similar fbr 
both HIV-lAWnN and HIV-lBA; p17 
protein became more diffuse in the cyto- 
plasm and was also associated with the 
plasma membrane in dusters of microglial 
cells, multi-nucleated giant cells, and indi- 
vidual mononucleated LDL-R+ cells (Fig. 
3, D to L). At 15 to 21 days PI, the 
multinucleated giant cells lysed, and the 
majority (60 to 70%) of remaining micro- 
glial cells were labeled with anti-pl7 (Fig. 3, 
K and L). Electron microscopy (EM) 
showed virions budding only from the cell 
surface in HIV-1AD87(M)-infected cells as 
observed in infected cells in AIDS patients' 
brains (9), and clusters of manue virions in 
the extracellular space (Fig. 3M). The cells 
with budding virions were identified as cells 
of the monocyte-macrophage lineage by EM 
immunogold techniques with monoclonal 
antibodies Leu M3 and Leu M5 (13). 

A dramatic desrease in the number of 
microglial cells was seen in the 3 weeks after 
i n f ' o n  (compare Fig. 3B with 3K), 
whereas microghal cells survived in control 
(d- infec ted)  cultures. In cultures infect- 
ed with HIV-lAWnW) or HIV-lBeL, 80% 
of LDL-R+ microglial cells died 15 days 
after infection (Fig. 4), while only a minimal 
loss of LDL-R+ miaoglial cells occurred in 
mock-infected cultures (3% loss at 19 days 
PI, 33% loss at 24 days PI). The most 
pronounced loss of infected microglial cells 
d between 6 and 12 days PI, as 
supernatant RT levels increased to their 
maximum (Fig. 1). The rate and degree of 
the microglial cell loss was approximately 
the same with both H I V - ~ A D ~ ~ ( ~ )  and 
HIV-lBaL, even though cultures infected 
with HIV-lm(M) produced twice the level 
of RT activity in the cell-free Supernatant 
(Fig. 1). Parallel experiments on macro- 
phages derived from blood monocytes 
showed no loss of cells in cultures infected 
by HIV-~AD~~(M) Or w - 1 ~ ~  (2q, w- 
gating that the cytopathic effect of the virus 
is specific for microglia among cells of the 
monocyte-macrophage lineage. The re- 
maining 10 to 15% of LDL-R+ microglial 

Fh. 3. Sequential analysii of LDL-R PI 7 
cyi3pathic - changes, - viral 
express~on, and budding in 
enriched microglial cell cul- 
tures infected with HIV- 
~-(M,. ( 4  D, G, and J) 
Phase contrast; scale bats, 50 
pm; (B, E, H, and K) LDGR 
labeling; (C, F, I, and L) anti- 
HIV-1 pl7'gag (P17) immu- 
nostaining; (M) decuon mi- 
crograph; scale bar, 1.0 pm. 
(A to C) Three days PI; cul- 
ture was composed of evenly 
distributed LDL-R+ microg- 
lid cells; <I% of these cells 
were labeled with antibodies 
to p17. (D to F) Nine days PI; 
microglial cells have formed 
clusters as well as some multi- 
nucleated giant &, 16.7% of 
the microghal cells were la- 
beled with antibodies to p17. 
($to I) Fifteen days PI; LDG 
R multinudeated giant cells 
(H) and dusters of microglial 
cells were more evident than at 
9 days PI; 66.0% of LDL-R+ 
microglial cells were labeled 
with anti-pl7 (I). (J to L) 
Twenty-one days PI; many 
fcwer micmglial cells were 
present in i n f d  cultures 

A 

- . * 'a- 

&an in m&-infected control f -wm- -"-- -;" -- .-, s 

cultures; 71.3% of LDL-R+ - nk 
miaoglial cells were also 
p17+. (M) Elecuon micro- 
graph of HIV-l-(w-in- 
f d  microglial d, imma- 
ture partides are seen budding 
from the cell's plasma mem- 
brane (dosed arrows); mature 
particles, seen in the extracel- - - 
lular space, have characteristic 
asymmetric cylindrical cores (open arrows). Glioma biopsies were -gated with wlagenasc 
(Sigma type 1 4  I%, 1 to 1.5 hours), followed by trypsin (0.25% for 20 min), then trypsin inhibitor 
(0.1%) and deoxyribonudease (DNase) (0.05%) for 5 min. Glioma cultures were enriched for 
miuoglia by plating cells on plastic dishes for 1 hour at 3% and then washed to remove nonadherent 
cells. These c u l m  were inoculated with HIV-l-(M) after 7 days in vlao (legend to Fig. 1). At four 
time p0ints PI, cultures were stained with Dil-LDL and anti-pl7 and examined as described in Fig. 2. 
No labeling of mock-infected cells with anti-pl7 was seen at any time point. Two other sequential 
analysis of miaoglial cebemiched cultures from the same glioma infected with HIV-l-(M) gave 
similar results. For EM, cells were 6xed at 19 days PI, 6rst in a mixture of 1.25% glutaraldehyde and 1% 
paraformaldehyde in 0.08 M cacodylate buffer, and then 60 min in 4% glutaraldehyde in the same 
buffer. Cells were scraped from dishes, pelleted, 6xed in osmium tetroxide, uranyl-stained, and 
embedded in epon before thin sectioning and photographing on a Phillips EM 400-T. 

cells present at 3 weeks PI seemed to be 
resistant to the cytopathic effects of the 
virus, and most of them expressed p17 (Fig. 
3L). These cells may be persistently infected 
with HIV-1. 

Thus, miccoglial cells isolated from adult 
human brain are especially susceptible to 
macrophage-adapted strains of HIV-1, 
which concurs with the observation that 
most brain isolates of HIV-1 replicate best 
in monocyte-macrophages in v i m  (1, 26). 
In contrast, both HIV-2 strains, which are 
able to grow in monocyte-macrophages 
(19), did not replicate significantly in human 
glial cell cultures, suggesting that macro- 
phage-tropic HIV-2 strains may less readily 

infect brain microglial cells than macro- 
phage-tropic HIV-1 strains. Two HIV-1 
(HIV-lHTL~-IIIB and HIV-1uv) strains 
that did not replicate in microglial cells have, 
however, been adapted to transformed T 
lymphocyte cell lines and may have therefore 
been selected to grow preferentially in T 
lymphocytes. Since passage history may in- 
fluence the success of the infection of brain 
microglial cells, we inoculated human brain 
cultures with two primary isolates from 
asymptomatic seropositive patients (HIV- 
1A1638 and H I V - ~ B ~ ~ ) ,  each of which had 
been passaged only once in either peripheral 
blood lymphocytes (PBLs) or monocyte- 
macrophages. None of these v i m  replicat- 
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ed to detectable levels in our glial cell cul- 
tures. In the Case of HN-1A1638, this ~ 0 d d  
have been due to the lower RT activity of 
the viral inoculum (legend to Fig. 1); how- 
ever, productive infection was observed 
with an in0~UlUm of HIV-1AD87(M) with the 
same RT activity. These observations sug- 
gest that HIV isolates from the PBLs of 
asymptomatic patients may require several 
cycles of replication in monocyte-macro- 
phages before they can productively infect 
microglial cells. It is possible that the strains 
of HIV that did not actively replicate in 
human glial cell cultures may have infected 
the cells and been reverse-transcribed, but 
that viral expression and replication did not 
occur. Similarly, astrocytes or other glial cell 
types could be latently infected in vitro by 
some strains of HIV as has been described in 
some glioma cell lines and in fetal nerve cells 
(27). 

Microglial cells are derived from bone 
marrow precursors that have migrated into 
the brain during development, where they 
differentiate and remain thereafter undergo- 
ing slow turnover (1 5) .  These bone marrow 
precursors also give rise to circulating 
monocytes and tissue macrophages, but de- 
spite their common origins, microglial cells 
and monocyte-macrophages react differently 

Day after infection 

Fig. 4. LOSS of microglial cells in HN-1AD87(M)- 
and HN-lBaL-infected cdtures. The number of 
microglial cells present in HN-1AD87(M) (@), 
HN-lBaL (A), and mock-infected (0) cultures 
showed no signrficant change during the first 6 
days PI. A highly significant decrease occurred 
between 6 and 12 days PI in cultures infected 
with HN-lAD87(M) and HIS7-lBaL, but not in 
mock-infected control cdtures or in cultures in- 
fected with other strains of H N - 1  and HN-2.  
The number of LDL-R+ microglial cells present 
in these cultures showed a small further decrease 
after 15 days PI. No significant change in the 
number of GFAP+ astrocytes was observed in any 
of-these cultures. Cultures of human brain cells 
were prepared and infected as described in Fig. 1. 
At five time points after infection (6, 12, 15, 19, 
and 24 days PI), cdtures were triple-stained with 
anti-GFAP, D1-LDL, and anti-HN-1 p17 anti- 
bodies (legend to Fig. 2). The number of LDL- 
R+ microglia present in each culture was counted 
using a Zeiss Axiophot fluorescence microscope. 
Values are the mean of three dishes, error bars are 
the standard deviation. Similar results were ob- 
tained in four experiments with cultures from 
different biopsies. 

to H N .  In infections of microglial cells with 
HIV-1AD87(M) Or HIV-lBaL, virus produc- 
tion and cell death proceed with a pace and 
severity resembling the acute lytic infection 
seen in T4 lymphocytes with RT activity 
accumulating in the cell-free supernatant 
peaks as microglial cell death increases (at 12 
days PI) and declining afterwards. In con- 
trast, infections of monocytes and macro- 
phages with HN-1AD87(M) Or HIV-lBaL 
progress more slowly and occur in the ab- 
sence of substntial cell death (1, 25). More- 
over, microglial cells show virus budding 
and release at the cell surface. whereas the 
site of virus production in macrophage ap- 
pears restricted to intracellular vacuoles 
(28). Both monocyte-macrophages and 
brain microglial cells have the intriguing 
ability to sustain HIV replication and 
expression in the absence of cell mitosis. 

The progressive clustering and fusion of 
infected microglial cells observed in our 
cultures mimics the two pathological hall- 
marks of AIDS infection in the brain: the 
microglial nodules and the multinucleated 
giant cell formation. Such events may be a 
prelude to microglial cell death in vivo as 
well as in vitro. In addition, a fraction of the 
brain microglial cells may become persis- 
tently infected and constitute a reservoir of 
HIV infection. Acute and chronic HIV in- 
fection of microglial cells may have various 
consequences for brain function, since these 
cells normally assuine immune functions 
within the CNS (24, 29). Microglial cells 
can express class I1 major histocompatibility 
complex (MHC) molecules, in response to 
y-interferon or other stimuli, and present 
antigen to T lymphocytes in an MHC- 
restricted fashion (29). Therefore, their de- 
struction may well result in altered immune- 
mediated reaction to HIV-1 and other 
pathogens in AIDS patients' brains. In addi- 
tion, microglial cells infected with HIV-1 
may release a number of compounds, which 
codd have deleterious effects-on nerve cells. 
Among these are tumor necrosis factor, 
which has been shown to cause oligoden- 
drocyte cell death and demyelination in vitro 
(30), and could cause demyelination in vivo. 
Death of microglial cells may release reactive 
oxygen intermediates (for example, free rad- 
icals) in the CNS parenchyma, which could 
impair nerve cell functions such as synaptic 
transmission (31). Moreover, a nonproduc- 
tive infection of astrocytes (27) could inter- 
fere with their multiple functions in the 
CNS without the virus entering a full repli- 
cative cycle. Thus HIV, a lymphotropic, 
monocyte-tropic, and neurotropic human 
retrovirus, may have more than one way to 
interfere with nervous system functions, 
just as it has with immune functions, and it 
is now possible to study the basis of HIV 

neurotropism with well-characterized in 
vitro systems of differentiated human CNS 
cells. 
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Protein Tyrosine Phosphatase Activity of an Essential 
Virulence Determinant in Yersinia 

KUNLIANG GUAN AND JACK E. DIXON* 

Yersinia is the genus of bacteria that is the causative agent in plague or the black death, 
and on several occasions this organism has killed a significant portion of  the world's 
population. An essential virulence determinant of Yersinia was shown to be a protein 
tyrosine phosphatase. The recombinant 50-kilodalton Yersinia phosphatase had a 
specificity for removal of phosphate from Tyr-containing as opposed to SerIThr- 
containing phosphopeptides and proteins. Site-directed mutagenesis was used to show 
that the Yersinia phosphatase possesses an essential Cys residue required for catalysis. 
Amino acids surrounding an essential Cys residue are highly conserved, as are other 
amino acids in the Yersinia and mammalian protein tyrosine phosphatases, suggesting 
that they use a common catalytic mechanism. 

ROTEIN TYROSINE PHOSPHORYL- 

ation is an early event in the signal 
transduction pathway used by several 

receptors involved in mediating cellular pro- 
liferation and regulation. Tyrosine phospho- 
rylation can also lead to unrestrained cell 
growth, and a number of tyrosine kinases 
appear to function as oncogenes (1). Tyro- 
sine phosphorylation has been shown to be 
a key factor in the regulation of the cell cycle 
(2). The levels of protein tyrosine phospho- 
rylation appear to be modulated within the 
cell by both tyrosine kinases and protein 
tyrosine phosphatases (PTPases) (3). Evi- 
dence indicates that PTPases constitute a 
family of enzymes that most likely function 
in regulating the extent and duration of 
tyrosine phosphorylation within the cell (3) .  
Tonks et al .  (4) reported the purification of a 
35-kD protein tyrosine phosphatase 
(PTPase 1B) from human placenta, and 
Charbonneau et al .  (5) showed that this 

phosphatase shared significant amino acid 
sequence homology with the cytoplasmic 
domain of the leukocyte cell surface glyco- 
protein, CD45. CD45 was subsequently 
shown to have tyrosine phosphatase-activi- 
ty (6). Streuli et al .  (7) have cloned another 
member of the family called LAR (leuko- 
cyte antigen-related-protein), which is a 
tyrosine phosphatase structurally related 
to CD45. 

Work from our laboratory suggests that 
there are additional members of this family 
of PTPases that resemble CD45 and LAR 
(8). In our initial screening of a rat brain 
cDNA librarv. we isolated several PTPase ,, 
clones. We have found the cloning, expres- 
sion, and localization of a PTPase cDNA 
from rat brain that encodes a protein having 
97% identity with the protein sequence 
reported by Charbonneau et al .  (8, 9). We 
have referred to the ~rote in  as PTP 1. Cool 
et al .  (10) have cloned a structurally related 
PTPase from a human T cell cDNA library. 
Another clone from our cDNA library has 

Department of Biochemistry, and Walther Cancer Insti- been designated as PTP 18 (1 1). The longest 
tute, Purdue University, West Lafayette, IN 47907. PTP 18 cDNA, which is approximately 5.6 
*To whom correspondence should be addressed. kb in length, encodes an enzyme having an 
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