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A t  the beginning of this century, Paul 
Ehrlich envisioned the consequences to the 
organism of attack by its own immune sys- 
tem. We now know that this does occur- 
an immune attack on a limited number of 
self components characterizes the autoim- 
mune diseases. The most striking violation 
of Ehrlich's "horror autotoxicus" occurs in 
an autoimmune strain of mice called 
motheaten in which there is vigorous au- 
toantibody production against many self 
components. In 1993, it was discovered that 
the two independently arising motheaten 
strains both exhibit mutations in the gene 
for an SH2-containing protein tyrosine 
phosphatase variously called PTPlC, HCP, 
SHP, and SH-PTP1 (1, 2). PTPlC is ex- 
~ressed in cells of all hemato~oietic lin- 
eages, and the defects in motheaten mice are 
correspondingly extensive (3). Nonetheless, 
it is clear that one of the defects in these 
mice is the production of large amounts of 
self-reactive antibodies. This suggests that 
the PTPlC phosphatase may regulate in 
some way the activation of B lymphocytes, 
the cells that make antibodies. 

In this week's issue of Science, D'Am- 
brosio and colleagues elucidate a mecha- 
nism by which PTPlC regulates antibody 
production (4). The activation of B cells 
generally begins when the antigen receptor 
on these cells, composed of a membrane 
form of immunoglobulin complexed with 
two other polypeptides, immunoglobulin a 
(Ig-a) and Ig-B, binds antigen and transmits 
this information to the inside of the cell. 
The antigen receptor signals by activating 
at least two types of inmacellular protein ty- 
rosine kinases, Syk and several members of 
the Src-family of tyrosine kinases (5) (see 
figure). These kinases then phosphorylate 
and activate a number of signaling compo- 
nents including phospholipase Cy2, phos- 
phatidylinositol 3-kinase, Shc, rasGAP, 
and Vav. Once specific antibody has been 
produced, it can combine with the antigen 
to form an immune complex. Antigen in 
this form does not activate B cells because 
B cells express a receptor for the constant 
portion of IgG molecules, FcyRIIB1, that 
interferes with signal transduction by the 
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antigen receptor when immune complexes 
bring this receptor into the region of the 
antigen receptor (6). This inhibition is 
manifested by a decrease in phosphati- 
dylinositol 4,5-bisphosphate hydrolysis (7) 
and prevention of calcium influx froin 
outside the cell (8, 9). 

Recently, it has been shown that the in- 
hibitory ability of FryRIIBl is contained in 
a 13-amino acid sequence in its cytoplasmic 
domain and that a tyrosine in this sequence 
is required (10). Moreover, coligation of 
FcyRIIBl with the antigen receptor leads 
to phosphorylation of this tyrosine residue. 
D'Ambrosio and co-workers (4) have syn- 
thesized this phosphopeptide, linked it to 
beads, and used this as an affinity matrix to 
isolate proteins capable of binding to it. 
Three prominent binding proteins from B 
cells were detected. One of these proteins 
turns out to be PTPlC. The binding of 
PTPlC to FcyRIIBl was clearly seen in ly- 
sates from B cells stimulated with a ligand 
that brought this receptor into a complex 
with the antigen receptor and not by 
ligands that stimulated only the antigen re- 
ceptor. Moreover, the tyrosine phosphoryl- 
ation of FcyRIIBl and the binding of 
PTPlC to it required the presence of the 
previously identified tyrosine in the cyto- 

plasmic domain of this receptor. 
These observations suggest the model 

depicted in the figure: An antigen recep- 
tor-stimulated tyrosine kinase phosphoryl- 
ates the FcyRIIBl molecule if FcyRIIBl is 
brought into a complex with the antigen 
receptor by the extracellular ligand. This 
phosphorylation leads to binding of 
PTPlC. Moreover, this binding appears to 
increase the phosphatase activity of PTPlC 
by approximately fivefold (4). Thus, the 
presence of FcyRIIBl attracts and activates 
the phosphatase PTPlC adjacent to the 
antigen receptor signaling complex, which 
contains activated tyrosine kinases. This 
could interfere with antigen receptor sig- 
naling in several ways. For example, 
PTPlC may dephosphorylate Ig-a and 
Ig-P and thereby interfere with binding of 
tyrosine kinases to the activated receptor 
or it may dephosphorylate the activation 
sites of the kinases themselves. Alterna- 
tively, PTPlC might act selectively on 
particular signaling targets (such as phos- 
pholipase Cy2) or on adaptor proteins 
needed for phosphorylation of particular 
targets. In any case, it is quite likely that 
the ability of FcyRIIBl to attract PTPlC 
to the antigen receptor accounts for the 
ability of this receptor to inhibit B cell ac- 
tivation. 

PTPlC also negatively regulates the 
function of the B cell antigen receptor un- 
der conditions that likely do not engage 
FcyRIIBl (1 1 ), indicating the presence of 
additional inhibitorv mechanisms for this 
phosphatase. PTP~c also appears to nega- 
tively regulate c-Kit, the CSF-1 receptor, 
two transmembrane tyrosine kinase recep- 
tors, as well as the interleukin-3 receptor 
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The phosphatase PTPlC inhibits B cell signaling. Antigen that does not also engage FclflllB1 
(left) cross-links antigen receptors, causing phosphotylation of tyrosines in the cytoplasmic do- 
mains of Iga and Ig-p, binding and activation of Syk- and Src-family tyrosine kinases such as Lyn, 
and subsequent phosphotylation of signaling targets. If the antigen is present in the form of an im- 
mune complex (right), then FclflIIB1 is brought into the region of the cross-linked antigen receptors 
by the extracellular ligand. The antigen receptor-activated tyrosine kinases are thought to phos- 
phorylate a cytoplasmic tyrosine of the Fc receptor, which promotes binding of PTPIC. The exact 
mechanism by which PTPIC then inhibits antigen receptor signaling remains to be determined. 
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and the erythropoietin receptor, two mem- 
bers of the hematopoietinlcytokine recep- 
tor family ( 1  2-15). These observations are 
likely to explain the excessive erythropoie- 
sis and theleukocyte hyperactivity seen in 
the motheaten mice. 

One  of the most surprising aspects of 
the emerging inhibitory role of P T P l C  is 
that it contrasts with evidence for a posi- 
tive signaling role of the highly related 
PTPlD tyrosine phosphatase (also called 
Svn. SH-PTPZ, and PTPZC). PTPlD also ,. . 
contains two S H ~  domains and a phos- 
nhatase domain, but in  contrast to  the 
iestricted hema;opoietic distribution of 
PTPlC,  P T P l D  is widely expressed. A 
number of lines of evidence indicate that 
P T P l D  has a positive role in signaling in- 
duced by transmembrane tyrosine kinase 
receptors such as the platelet-derived 
growth factor receptor. P T P l D  plays a 
positive role by acting as an adaptor that 
can bind to autophosphorylated receptors 
via its SH2 domains, become tyrosine phos- 
phorylated by these receptors, and then 
serve as a binding site for the Grb-2-SOS 
complex that activates Ras (1 6 ,  17). The 

result is that P T P l D  plays a positive role 
in receptor activation of Ras. It seems 
likely that the phosphatase activity of 
PTPlD also contributes to receptor signal- 
ing, as suggested by the inhibitory effects 
of overexpressing a catalytically inactive 
mutant of PTPlD (18) and by microinjec- 
tion experiments (19). Interestingly, the 
Drosophila melanogaster corkscrew gene 
product has the same overall structure as 
P T P l C  and PTPlD, but clearly has closer 
seauence similaritv to PTPlD. Function- 
all;, the corkscrew product also is more like 
PTPlD, as eenetic exneriments indicate - 
that it acts positively downstream of the 
Torso receptor tyrosine kinase to specify 
terminal structures of the fly embryo (20). 
It is not known whether this developmen- 
tal function of corkscreu~ requires tyrosine 
phosphatase activity or whether it uses 
the  adaptor function. In any case, it is 
clear that the SH2-containing protein ty- 
rosine phosphatases are critical, both 
positively and negatively, in regulating 
signaling by receptors that use tyrosine 
phosphorylation to mediate their intracel- 
lular effects. 

Green Fluorescent Pets 
Douglas C. Youvan 

Fifteen years ago, when the 
genes for the photosynthetic 
light-harvesting proteins were 
found, my colleagues in mo- 
lecular biology asked the fol- 
lowing question: Why can't 
we use these proteins as in 
vivo fluorescent Lags, and 
wouldn't that be a lot better 
than attaching P-galactosid- 
ase to proteins and having 
t o  supply substrate for visual- 
ization? The answer was 
straightforward: Sure, but the - 
light-harvesting proteins need 
associated pigments for their 

(2).  T o  these add fluorescent . . 
zebrafish eyes, flies, yeast, and 
yes, possibly people-if en- 
graftment with GFP-tagged 
stem cells in bone marrow be- 
comes possible. 

GFP engineering is rapidly 
creating a crayon box of dif- 
ferent colors, from wild-type 
green to blue emitters and 
red-shifted excitation deriva- 
tives. Fluorescence resonant 
energy transfer (FRET) ex- 
periments on  GFP-tagged 
proteins to measure distances 
between nroteins are rieht 
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signal. You'll also have to From a crayon box of around the corner. Protein- 
express and regulate 20 other Escherichia coli to... protein interactions are al- 
genes for pigment biosyn- ready assessed with GFP in 
thesis! the yeast two-hybrid system. But, by using 

Green fluorescent protein (GFP) ( 1 )  gets different colored GFP derivatives there is 
around this problem by autocatalytically the possibility of performing FRET in single 
forming a fluorescent pigment from natural cells to visualize the interaction of tagged 
amino acids present in the nascent protein, proteins. Add to this the tools of fluores- 
GFP works across the phyla-from glowing cence-activated cell sorting and confocal 
tobacco mosaic virus with GFP-infected microscopy, and one has the makings of a 
leaves to lighted sensory neurons in worms methodology on par with the polymerase 

chain reaction. 
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... tobacco mosaic virus-infected leaves. 

FRET-GFP technology might be brought 
together with combinatorial chemistry and 
screening technologies with high through- 
put. With the help of specifically engi- 
neered cell types, this could lead to a mas- 
sively parallel strategy for finding new 
drugs. Hundreds of thousands of chemicals 
could be screened, with each cell behaving 
as a separate instrument. 

References 

1. J. G. Morin and J. W. Hastngs, J. Cell Physiol. 
77, 313 (1971). 

2. M. Chalfie, Y. Tu, G. Duskirchen, W. W. Ward, D. 
C. Prasher, Science 263, 802 (1 994). 

264 SCIENCE VOL. 268 14 APRIL 1995 




