15. Grafts fixed with Bouin’s solution were embedded in
paraffin, which was subsequently removed from
5-pum sections by treatment with xylene. The sec-
tions were rehydrated by exposure to a graded se-
ries of ethanol solutions, and endogenous peroxi-
dase was quenched with 0.1% H,0, in phosphate-
buffered saline (PBS) for 15 min. Nonspecific sites
were blocked with 10% goat serum and 0.3% Triton
X-100in PBS for 1 hour, with addition of free avidin
to block endogenous biotin followed by incubation
for 30 min with free biotin. The sections were then

* incubated overnight at 4°C with undiluted culture
supernatant from pFAS-Fcll-transfected Neuro-2a

cells. Fas-Fc binding was detected by sequential
application of biotin-conjugated goat antibodies to
human immunoglobulin (Fc specific), streptavidin-
conjugated horseradish peroxidase, and diamino-
benzidine substrate solution (Zymed, San Fran-
cisco, CA). Sections were than counterstained with
hematoxylin.

16. Grafts fixed with Bouin’s solution were processed for
paraffin sectioning. Deparaffinized and rehydrated
sections were digested with proteinase K (20 wg/ml)
for 15 min at room temperature, and endogenous
peroxidase activity was quenched with 0.1% H,O, in
PBS for 15 min. Sections were then incubated with

Evidence for Physical and Functional
Association Between EMB-5 and
LIN-12 in Caenorhabditis elegans

E. Jane Albert Hubbard, Qu Dong, lva Greenwald*

The Caenorhabditis elegans LIN-12 and GLP-1 proteins are members of the LIN-12/
Notch family of receptors for intercellular signals that specify cell fate. Evidence
presented here suggests that the intracellular domains of LIN-12 and GLP-1 interact
with the C. elegans EMB-5 protein and that the emb-5 gene functions in the same
pathway as the /in-12 and glp-7 genes. EMB-5 is similar in sequence to a yeast protein
that controls chromatin structure. Hence, a direct consequence of LIN-12 or GLP-1
activation may be an alteration of chromatin structure that produces changes in

transcriptional activity.

T tansimembrane proteins of the LIN-12/
Notch family are found throughout the an-
imal kingdom. The Caenorhabditis elegans
genes lin-12 and glp-1 and the Drosophila
gene Notch were first defined by mutations
that alter cell fate decisions involving cell-
cell interactions (1-3). In vertebrates, lin-
12/Notch genes are also involved in cell fate
decisions (4). It is now generally accepted
that LIN-12/Notch proteins function as re-
ceptors that are activated by binding li-
gands of the Delta/Serrate/LAG-2 family
(5). The intracellular domain of LIN-12/
Notch proteins, and in particular the region
encompassing six CDC10/SWI6 (ankyrin)
motifs, has the intrinsic signal-transducing
activity of the intact protein (6). However,
there is no known biochemical activity as-
sociated with the intracellular domain of

LIN-12/Notch proteins. Understanding the.

downstream consequences of receptor acti-
vation therefore requires the identification
and characterization of the interacting
components involved in lin-12/Notch-me-
diated cell fate decisions.
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One such component, named Su(H) in
Drosophila and LAG-1 in C. elegans, is sim-
ilar to the mammalian CBF1 transcription
factor (7, 8). Genetic studies in Drosophila
and C. elegans have established that Su(H)
and LAG-1 are involved in LIN-12/Notch—
mediated reception of intercellular signals
(7, 9-11). Furthermore, Su(H) interacts
physically with the intracellular domain of
Notch (10). These findings, along with the
observations that the intracellular domains
of LIN-12/Notch proteins have intrinsic
signal-transducing activity and when ex-
pressed alone are localized in the nucleus,
have led to models proposing that there is
no intervening cascade of second messen-
gers involved in signal transduction initiat-
ed by LIN-12/Notch activation. Instead,
upon receptor activation, the intracellular
domain may influence target gene expres-
sion by activating a transcription complex,
or it may function as part of a transcription
complex (5).

To identify potential components in-
volved in LIN-12/Notch signal transduc-
tion, we used the yeast two-hybrid screen
(12, 13). A plasmid library of fusions be-
tween the GAL4 activation domain (GAD)
and C. elegans cDNA sequences (14) was
screened for interaction with a fusion pro-
tein containing the Gal4p DNA binding
domain (GBD) and the CDCI10/SWI6
(ankyrin) motifs of LIN-12 (15). Partial-

sequence analysis of candidate clones and

SCIENCE ¢ VOL. 273 « 5]JULY 1996

10% goat serum in PBS for 1 hour, after which the
3’-OH ends of fragmented DNA were labeled by
TUNEL with anin situ cell death detection kit (Boehr-
inger Mannheim, Mannheim, Germany). Sections
were then counterstained with eosin.
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subsequent database searches revealed that
two clones, E7 and E16, contain different
GAD fusions to EMB-5 sequences (Table
1). E7 and E16 also interact to a comparable
extent with a fusion protein containing the
corresponding region of GLP-1 fused to
GBD (Table 1). This result suggests that
the interaction is meaningful, because lin-
12 and glp-1 are functionally and biochem-
ically interchangeable (9, 16). In contrast,
E7 and E16 do not interact with the func-
tionally and structurally unrelated proteins
lamin (human) and SNF1 (Saccharomyces
cerevisiae), or with a functionally unrelated
C. elegans protein FEM-1 that contains
CDC10/SW16 motifs (Table 1).

Table 1. EMB-5 interacts with LIN-12 and GLP-1
in the yeast two-hybrid system. Yeast strain Y153
(73) was sequentially transformed with () a plas-
mid encoding a fusion protein between the Galdp
DNA binding domain (GBD) and another se-
quence (DNA binding hybrid) and (i) a plasmid
encoding a fusion protein between the Galdp ac-
tivation domain (GAD) and another sequence (ac-
tivation hybrid). A blue colony color in the filter
assay indicates that B-galactosidase (B-Gal) ac-
tivity is present, implying a physical association
between the DNA binding and activation domain
hybrids as a result of inserted sequences. nd, not
done.

. B-Gal

bDN.A Act- Colony activity

inding vation X
hvbrid® hybrid color (Miller

Y v units)f
LIN-12 EMB-5 Blue 4.7 £ 0.6
GLP-1 EMB-5 Blue 53 +0.2
LIN-12 SNF4 White 0.8 +0.6
GLP-1 SNF4 White 0.4 =01
SNF1 EMB-5 White 0.6 +0.1
Lamin EMB-5 White nd
FEM-1 EMB-5 White nd
SNF1 SNF4 Blue 285+ 4.5

*DNA binding hybrids in the pAS1 vector (73) contain
sequences fused to GAL4p(1-147). LIN-12 = pASL2,
containing LIN-12(940-1320). GLP-1 = pASG2, con-
taining GLP-1(867-1171). pAS-SNF1 was derived from
PEES5 (12). pAS-FEM-1 encodes a hybrid containing the
CDC10-SWI6 motifs of FEM-1 (26). TEMB-5 activa-
tion domain hybrids in the pACT vector contain sequenc-
es fused to GAL4p(768-881) (13). For EMB-5, the data
are from the E7 clone, which contains EMB-5(894-1521).
Similar results were obtained for the E16 clone, which
contains EMB-5(835-1521) (27). The SNF4 clone was
pNI12 (12). fMiller units are described in (28). The
standard deviation is indicated. Each value is the average
of four transformants.



Mutant alleles of emb-5 were identified
previously in screens for temperature-sensi-
tive embryonic lethal mutations (17). With
the use of these temperature-sensitive al-
leles, we obtained evidence that the physi-
cal interaction implied by the two-hybrid
screen is functionally relevant in vivo. We
have focused our genetic analysis on two

- cell fate decisions, the lin-12-mediated an-
chor cell-ventral uterine precursor cell
(AC-VU) decision and the glp-1-mediated
mitosis-meiosis decision during germline
development.

The AC-VU decision occurs during de-
velopment-~of the somatic gonad. Two
equivalent cells, Z1.ppp and Z4.aaa, inter-
act with each other so that one of these
cells becomes the AC and the other be-
comes a VU (18, 19). When lin-12 activity
is eliminated, both Z1.ppp and Z4.aaa be-

Table 2. Reduction of emb-5 activity lowers lin-12
activity. Hermaphrodites were scored at 25°C un-
less otherwise indicated. Animals scored at 25°C
were synchronized and shifted from 15°C during
late embryogenesis or the early L1 stage. Pairs of
corresponding genotypes with and without emb-5
were shifted at the same time. Cell fate transforma-
tions were scored by Nomarski microscopy with
the criteria described in (2). The number (n) in pa-
rentheses is the number of individuals examined.
emb-5(hc61) and emb-5(g65) are described in
(77). We found that the genotype of the published
MJ61 strain (77) is actualy emb-5(hc61) lin-
12(ar170), and for the experiments here, we reiso-
lated emb-5(hc61) and lin-12(ar170) as single mu-
tants from MJ61 (27). The hypomorphic allele /in-
12(n676n930) is described in (28), and the ligand-
independent hypermorphic allele /in-12(n302) is
described in (2, 30).

2 AC (%)
Y

emb-5 enhancement of lin-12 alleles
fin-12(+) 0

Genotype

lin-12(n676n930) 22 (54)
emb-5(hc61) lin-12(n676n930) - 46 (82)
emb-5(9g65) lin-12(n676n930) 70 (111)
emb-5(hc61) 0 (66)
emb-5(g65) 0 (119)
lin-12(0) 100
lin-12(ar170) 73 (78)
emb-5(hc61) lin-12(ar170) 100 (33)
emb-5(g65) lin-12(ar170) 92 (75)
lin-12(ar170) (20°C) 27 (75)
emb-5(hc61) lin-12(ar170) (20°C) 70 (66)
emb-5(965) lin-12(ar170) (20°C) 46 (63)
Genotypet 0 AC (%)
(%

emb-5(hc61) suppression of a lin-12 allele
lin-12(n302)/+ 59 (47)
emb-5(hc61) lin-12(n302)/ 39 (43)
emb-5(hc61) lin-12(+)

*Proportion of hermaphrodites having 2 AC, as in a fin-
12(0) mutant. tComplete genotypes: lin-12(n302)/
unc-32(e189);, him-5(e1490)/+ and emb-5(hc61) lin-
12(n302)/emb-5(hc61) unc-32(e189); him-5(e1490)/+.
$Proportion of hermaphrodites with a 0 AC-Egl pheno-
type, as in alin-12 hypermorphic (gain-of-function) mutant.

come ACs (the “2 AC defect”), and when
LIN-12 is constitutively activated, as in
lin-12(n302) mutants, both Zl.ppp and
74.aaa become VUs (the “0 AC defect”)
(2). In wild-type hermaphrodites, a stochas-
tic variation in ligand or receptor activity
(or both) between Z1.ppp and Z4.aaa ap-
pears to be amplified by a feedback mech-
anism that involves transcriptional control
of ligand and receptor expression (19, 20).

When emb-5 mutants are shifted from the
permissive to the restrictive temperature after
embryogenesis, they have a single AC, as in
the wild type (see below). However, by three
different genetic criteria, emb-5 appears to
function in the AC-VU decision. (i) emb-5
mutations enhance the penetrance of the 2
AC defect of lin-12 hypomorphs (Table 2).
(ii) Reduction of emb-5 activity lowers the
penetrance of the 0 AC defect associated with
constitutively active LIN-12 (Table 2). (iii)
The relative amount of emb-5 activity in
Z1.ppp and 74.aaa, like the relative amount of
lin-12 activity, can bias the AC-VU decision
(Fig. 1A). Genetic mosaics in which either
Z1.ppp or Z4.aaa had reduced emb-5 activity

Fig. 1. Genetic mosaics of the emb-5 A
gene. Relevant cell lineages are shown
(87). Mosaics segregating from emb-
5(g65) ncl-1(e1865) unc-36(e257);
sDp3 hermaphrodites raised at 25°C
were examined as described below.
sDp3 complements all markers, and
ncl-1 is a cell-autonomous marker for
most somatic cells that causes an en- I

~ larged nucleolus that can be scored It

under Nomarski optics (32). The unc- 1]
36 focus of activity is in the ABp lineage v
(33). (A) Approximately 850 non-Unc

L3 hermaphrodites were screened to g
obtain 24 mosaic individuals that had

DTC

when the other cell was emb-5(+) always had
a single AC. However, in 22 out of 24 mosa-
ics, the emb-5 mutant cell became the AC.
Thus, a genotypically wild-type cell in the
mosaic no longer has a 50% chance of becom-
ing the AC, as it does in a wild-type hermaph-
rodite. This bias in cell fate choice in genetic
mosaics is similar to that seen for genetic
mosaics involving lin-12 (19) and suggests
that emb-5 is involved in specifying the fate of
the presumptive VU. Neither lag-2 (ligand)
nor lin-12 reporter gene expression (20) was
grossly affected by reduction of emb-5 activity,
consistent with emb-5 function downstream of
lin-12 (21).

The emb-5 gene also may function in
other lin-12-mediated cell fate decisions,
such as specification of vulval precursor cells,
because emb-5 can enhance the penetrance
of the vulval morphology defect associated
with reduced lin-12 activity (21). However,
emb-5 mutants did not display characteristic
lin-12 (or glp-1) cell fate transformations af-
ter the temperature shift (Table 2). This
observation may indicate that the available
emb-5 temperature-sensitive mutations do

Z1 24

AC-VU AC-VU DTC

_Expected
Z1DTC Z4DTC AC Observed Bias No bias

+ Ncl Ncl 13 12
Ncl + Ncl 9 12
2
0

+ Ncl + 0
Ncl + + 0

o oo,

one Ncl distal tip cell (DTC) and one
wild-type (+) distal tip cell, indicating
the loss of sDp3 in the Z1 or Z4 lineage
as in (79). The number and Ncl pheno-
type of the AC of each mosaic was then 24
determined. All mosaic hermaphro-
dites had one AC. In 22 out of 24 mo- c
saics, the emb-5 mutant cell became
the AC. The two exceptions (class Ill)
may have resulted from an incomplete
bias, which might reflect an incomplete

s MS
+
+

Py

D Pa

Germ line

c b P+ Observed
+ + (Ncl) 1

+ Ncl
+ Ncl Ncl

(Ncl) 2
(Ne) 2

requirement for emb-5 function or residual activity of emb-5(g65) at the restrictive temperature. Alter-
natively, the rare class Il mosaics may have resulted from a late loss of sDp3 within the Z4 lineage. We
were unable to ascertain if this was the case because the Ncl phenotype of the gonadal cells descending
from Z4.a and Z4.p could not be reliably scored. Control experiments with hermaphrodites of genotype
emb-5(+) ncl-1 unc-36; sDp3 have shown that the ncl-1 and unc-36 markers do not cause this bias in
cell fate choice (79, 21). (B) Sterile non-Unc mosaic hermaphrodites were scored for the Ncl phenotype
to ascertain the focus of emb-5(+) activity for fertility as described in (3). For the MS, C, and D lineages,
Ncland + indicate evidence for loss or presence (respectively) of the duplication in an entire lineage. The
Ncl phenotype cannot be reliably scored in the intestine (E lineage) or the germ line; sterile hermaphro-
dites that had no apparent loss of the duplication in other lineages (class I) were assumed to have lost
sDp3in P,, the germline precursor cell, as indicated by (Ncl). Because no individuals were seen that had
lost the duplication in the entire MS lineage, two Z1-Z4 mosaic animals [see (A)] were maintained at the
restrictive temperature and scored for their gonadal morphology as adults. Both animals displayed
normal germline anatomy and full fertility in both gonadal arms, indicating that emb-5(+) is not required

in the distal tip cells for fertility.
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not behave like null alleles at the restrictive
temperature, or that emb-5 activity perdures
after the temperature shift. Alternatively,
another product or pathway may be func-
tionally redundant with emb-5.

The emb-5 gene also appears to function
downstream of glp-1 in germline develop-
ment. In wild-type hermaphrodites, GLP-1
is activated in the distal region of the germ
line by a signal from the distal tip cell of the
somatic gonad. Activation of GLP-1 pro-
motes mitosis or inhibits meiosis or both, so
that normally only distal germ nuclei divide
mitotically, whereas more proximal germ
nuclei undergo meiosis (3, 18). When
emb-5 mutants are shifted to the restrictive
temperature after embryogenesis, they ex-

layed or aberrant mitotic prophase (Fig. 2),
consistent with a role for EMB-5 in one or
more aspects of glp-1-mediated control of
the decision between mitosis and meiosis. A
number of observations support this inter-
pretation. First, temperature-shift experi-
ments indicate that emb-5 activity (21), like
glp-1 activity (3), is required continuously
for germline development. Second, genetic
mosaic analysis indicates that emb-5, like
glp-1 (3), functions in the germ line (Fig.
1B). Finally, even when GLP-1 is ectopi-
cally activated, mitotic progression is im-
paired (Fig. 2), suggesting that emb-5 func-
tions downstream of glp-1 to execute mitosis.

Taken together, the genetic and two-
hybrid system data suggest that EMB-5, like

hibit reduced germline proliferation and de-  Su(H), is a positive downstream effector of

A B
emb-5(+)

Mitosis

Oocytes

Spermatheca ~
emb-5(ts)

‘\Mature sperm

emb-5(+); Ex[apx-1(extra)]

.

emb-5(ts); Ex[apx-1(extra)]

Fig. 2. The emb-5 gene and germline proliferation. emb-5(ts) = emb-5(g65) (17) and Ex[apx-1(extra)] =
arEx79, which is an extrachromosomal array that expresses the extracellular domain of APX-1 under the
control of lag-2 regulatory sequences and causes a gip-7 gain-of-function (tumorous) phenotype (34).
The arEx79 array displays a tumorous phenotype in an otherwise wild-type background (35). Worms
were synchronized by allowing adults to lay eggs for 2 to 3 hours at 15°C and transferring the eggs to
25°C for the remainder of development. Living hermaphrodites were either analyzed by Nomarski
microscopy and photographed, or they were fixed and stained with 4',6-diamidino-2-phenylindole
(DAPI), or both, 20 to 24 hours after the last molt. emb-5(ts) worms grew somewhat slower and less
synchronously, reaching the last molt ~6 hours after the control strains. In addition to the germline
proliferation defect, maturation of gametes in emb-5(ts) hermaphrodites is abnormal. In most hermaph-
rodites, spermatogenesis occurs (although later than in wild type), and nuclei typical of oogenesis
(diakinesis arrest) are observed only rarely (20, 21). Animals carrying arEx79 show the tumorous
phenotype at a very low penetrance at 15°C (<10%) and at a high penetrance at 25°C (80%, n = 57
animals). One out of 36 emb-5(ts); Ex[apx-1(extra)] animals scored had a tumorous germ line at 25°C,
and 11 of the 35 nontumorous animals were indistinguishable from emb-5(ts) mutants, with the
remaining 24 nontumorous animals having reduced mitosis throughout the germ line and no gameto-
genesis, as shown here. (A) Germline anatomy, based on tracings of photomicrographs of the posterior
arm of the gonad of living hermaphrodites and DAPI staining. Anterior is to the left; emb-5(ts);Ex[apx-
1(extra)]is a ventral view, and the others are lateral views with ventral down. (B) Extruded gonads stained
with DAPI, revealing the mitotic, meiotic, and differentiation state of germline nuclei. The asterisk
indicates the distal end of the gonad. All photomicrographs are at the same magnification (bar = 50 um).
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LIN-12/Notch-mediated signaling. Further-
more, EMB-5, like Su(H), has been impli-
cated in the control of gene expression.
However, the molecular mechanism appears
to be different. EMB-5 is a large acidic pro-
tein that is similar to the Saccharomyces cer-
evisiae Spt6p protein (22) and is also highly
conserved in humans (23). Studies in yeast
have suggested that Spt6p controls chroma-
tin structure (24). The similarity of EMB-5
and Spt6p suggests that EMB-5 may coordi-
nate chromatin changes in response to acti-
vation of LIN-12/Notch proteins, influenc-
ing the expression of genes involved in de-
termination or execution of different devel-
opmental fates. In addition, an apparent
SRC homology 2 domain seen in Spt6p (25)
is conserved in the C. elegans and human
EMB-5 proteins (21), raising the possibility
that phosphorylation of tyrosine residues
may regulate the activity or association of
LIN-12/Notch proteins with other proteins
involved in transcriptional control.
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Formation of a Transition-State Analog of the Ras
GTPase Reaction by Ras-GDP, Tetrafluoroaluminate,
and GTPase-Activating Proteins

Rohit Mittal,* Mohammad Reza Ahmadian,” Roger S. Goody,
Alfred Wittinghofert

Unlike the a subunits of heterotrimeric guanosine triphosphate (GTP)-binding proteins,
Ras-related GTP-binding proteins have hitherto been considered not to bind or become
activated by tetrafluoroaluminate (AlF,~). However, the product of the proto-oncogene
ras in its guanosine diphosphate (GDP)-bound form interacted with AlF,~ in the pres-
ence of stoichiometric amounts of either of the guanosine triphosphatase (GTPase)-
activating protelns (GAPs) p120%AP and neurofibromin. Neither oncogenic Ras nor a GAP
mutant without catalytic activity produced such a complex. Together with the finding that
the Ras-binding domain of the protein kinase c-Raf, whose binding site on Ras overlaps
that of the GAPs, did not induce formation of such a complex, this result suggests that
GAP and neurofibromin stabilize the transition state of the GTPase reaction of Ras.

The « subunit of heterotrimeric GTP-
binding proteins (G proteins) in the GDP-
bound form can be activated by the addi-
tion of the complex AIF,™ ion. This ion is
thought to mimic the terminal phosphate of
GTP because the structure of the
Go'GDP-AIF,~ complex resembles that of
the GTP-bound form of the protein and
because binding of AIF,™ triggers the inter-
action of the a subunit with downstream
effectors (1). Furthermore, x-ray structure
analysis of Ga;; and the a subunit of trans-
ducin bound to GDP and AlF,~ revealed
that AlF,™ activates GaGDP by binding
with a geometry resembling that of the
putative pentacovalent phosphorus inter-
mediate, or perhaps transition state, of the
GTPase mechanism (2), a possibility that
had been discussed (3). In these structures,
the Al ion is octahedrally coordinated with
four F ligands, forming the equatorial plane,
and two O ligands, supplying the apical
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ligands. Because the O ligands—one con-
tributed by a water molecule and the other
by the B phosphate of GDP— correspond to
the attacking nucleophile and the leaving
group of the GTPase reaction, respectively,
and because conserved Gln and Arg residues
stabilize the complex, these structures are
thought to resemble the putative pentaco-
valent intermediate of the GTPase reaction.

The Ras-related proteins have slow
GTPase reaction rates. For Ras, this rate is
0.028 min~', which is about one-hun-
dredth of the reaction rate of an average
Ga protein [2 to 5 min~! (4)]. A number
of GAPs that stimulate the GTPase reac-
tion rate have been identified for Ras (5)
and other related small G proteins (6).
Four Ras-specific GAPs have been de-
scribed. The p120°AP and neurofibromin
proteins increase the rate of GTP hydrol-
ysis by four to five orders of magnitude at
saturation (7-9). Because it seemed rea-
sonable to assume that all G proteins have
a similar mechanism of GTP hydrolysis
(on the basis of structural and other sim-
ilarities), it was surprising to find that
Ras-related proteins do not bind AlF,~
(10), implying that the active site of Ga
proteins in the ground state or transition
state, or both, is different from that of
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Ras-related proteins, although differential
effects of AIF,™ on the ribosome-stimulat-
ed GTPase reaction of elongation factor G
have been reported (11).

The addition of AlF,~ did not change
the emission [or excitation (12)] spectrum
of 0.1 wM Ras bound to the fluorescent
GDP-analog ~ 2'(3")-O-(N-methylanthra-
niloyl) GDP (mantGDP, referred to subse-
quently as mGDP).- Such fluorescent ana-
logs are sensitive to changes in the local
structure of the protein (13, 14). Even with
5 uM RasmGDP and excess AlF,~, there
was little or no change (<3%) of fluores-
cence (12, 15). It has been proposed that
the role of GAP might be to stabilize or
induce the formation of a transition state in
the GTPase reaction (16), and that GAP
supplies the helical domain or similar struc-
ture that exists in Ga proteins (4) and is
necessary for GTP hydrolysis (17). To test
this, we added an excess of the catalytic
fragment of neurofibromin NF1-333 to the
solution of RassmGDP containing AlF,~
(Fig. 1A). The fluorescence spectrum of
mGDP revealed that the wavelength of ab-
sorption maximum changed from 448 to
430 nm and the fluorescence increase at
448 nm was 20 to 25% (and 40 to 50% at
430 nm), indicating a conformational
change around the active site, which we
attribute to the formation of an analog of
the GTP-bound ground state or transition
state of the GTPase reaction. This change
was not caused by the addition of neurofi-
bromin alone (Fig 1B); no change in fluo-
rescence was produced after the addition of
NF1-333 to RassmGDP, but after addition
of AlF,, a similar large increase of fluores-
cence was seen. Furthermore, the change in
fluorescence was inhibited by addition of
excess Ras bound to unmodified GDP, sup-
porting the notion that complex formation
is not simply due to the fluorescent label on
GDP (12).

The change in fluorescence properties
did not occur in the presence of catalytic
amounts of neurofibromin. The effective
dissociation  constant  (K,)  between
Ras'mGDP and NF1-333 under the condi-
tions used was 60 nM (Fig. 1C). This value
is close to the K, for the complex between
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