mice remains to be determined.

If such properties are propagated, then
this will suggest that different mutant human
PrPs will have generated distinct strains of
prions. The existence of prion strains has
posed a conundrum as to the mechanism by
which strain-specific characteristics are en-
crypted (23, 26). Although differences in
the size of protease-resistant fragments of
PrPS¢ have not been a general characteristic
of prion strains (27), the hyper and drowsy
strains of prions isolated from mink by serial
passage in Syrian hamsters do differ with
respect to the size of the PrPS molecules
after limited proteolysis (28). But unlike the
studies reported here, where prions were gen-
erated de novo in patients carrying the
D178N or E200K mutations, the origin of
the hyper and drowsy strains is obscure.

Qur results provide a plausible mechanism
for explaining diversity in a pathogen that
lacks nucleic acid; the biological properties of
prion strains seem to be encrypted in the
conformation of PrPS, Because prion strains
produce different disease phenotypes, such
findings raise the possibility that deviations in
the phenotypes of other degenerative disor-
ders may also reflect conformational variants
in pathologic proteins. Variations in the con-
formation of PrPS¢ are reproduced through
templating of the PrP%¢ in the inoculum onto
the substrate PrP®. Deciphering the molecular
events by which the conformation of one
protein is imparted to another and the mech-
anism responsible for the apparently high de-
gree of fidelity associated with this process
should be of considerable interest. Indeed, the
foregoing data violate the widely and long-
held idea that amino acid sequences are the
sole determinants of the tertiary structures of
biologically active proteins (29).
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Intestinal Secretory Defects and Dwarfism in
Mice Lacking cGMP-Dependent Protein Kinase Il

Alexander Pfeifer,” Attila Aszodi,t Ursula Seidler, Peter Ruth,
Franz Hofmann, Reinhard Fassler

Cyclic guanosine 3',5'-monophosphate (cGMP)-dependent protein kinases (cGKs) me-
diate cellular signaling induced by nitric oxide and cGMP. Mice deficient in the type I
cGK were resistant to Escherichia coli STa, an enterotoxin that stimulates cGMP ac-
cumulation and intestinal fluid secretion. The cGKII-deficient mice also developed dwarf-
ism that was caused by a severe defect in endochondral ossification at the growth plates.
These results indicate that cGKIl plays a central role in diverse physiological processes.

Nlitric oxide (NO) and a broad spectrum of
hormones, drugs, and toxins raise intracel-
lular ¢<GMP concentrations and thereby
regulate a great variety of functions, includ-
ing smooth muscle relaxation, neuronal ex-
citability, and epithelial electrolyte trans-
port (I). Depending on the tissue, the in-
crease in cGMP concentrations leads to the
activation of different receptors, such as

cyclic nucleotide phospodiesterases, cGMP-
regulated ion channels, and ¢cGK (2). Al-
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though the major effects of ¢cGMP have
been attributed to the activation of cGK, its
physiological role is still controversial (2,
3). It has been suggested that cGMP effects
are mediated in some cell types by cross-
activation of adenosine 3',5'-monophos-
phate (cAMP) kinase (cAK) (3), which
shares high homology in the cyclic nucleo-
tide binding domains with the cGKs (4).
The identification of the physiological me-
diator of cGMP is further complicated by
the existence of two forms of ¢cGK, type I
and type II, which are encoded by distinct
genes (5). Smooth muscle, platelets, and
cerebellum contain high concentrations of
the type 1 cGK, whereas cGKII is highly
concentrated in brain, lung, and intestinal
mucosa (5, 6). The function of cGKII is not
well understood, although there is evidence
that it mediates intestinal secretion of water



and electrolyte induced by the E. coli toxin
STa and the intestinal peptide guanylin (7).

To investigate the physiological roles of
cGKIl, we generated mice carrying a null
mutation of the c¢GKII gene (cGKII™/~
mice) (8). The enzyme structure and the
targeting vector are shown in Fig. 1A. The
deletion of the cGKII gene was confirmed by
Northern (RNA) blotting (Fig. 1C), reverse
transcriptase—polymerase  chain reaction
(RT-PCR) (Fig. 1D), and immunoblotting
of intestinal, brain, and lung extracts (Fig.
1E). Assays of jejunal homogenates for
c¢GMP-stimulated phosphotransferase activ-

Fig. 1. Targeted disruption of
the cGKIl gene. (A) Structure of
cGKIl showing the cGMP-bind-

ing pockets (boxed A and B), cGKII

ity (9) confirmed that there was no residual
cGKII activity in the mutant mice (Fig. 1G).
A deficiency of cGKII had no effect on the
integrity of the intestinal cGMP pathway
proximal to the kinase, as assayed by STa-
stimulated guanylyl cyclase activity (Fig.
1G). Immunoblot analysis indicated that ex-
pression of cGKI or the catalytic subunits of
cAK was not affected by the absence of
cGKII (Fig. 1, E and F). Heterozygous mat-
ings of outbred and inbred mice produced
viable pups (n = 202) with the expected
Mendelian frequency. These mice were also
fertile as adults, suggesting that embryonic
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(5). (D) RT-PCR (8) of RNA isolated from the small

intestine of cGKII™* and cGKII=/~ mice with primers that amplify cGKII (top) and guanylin (Gua) (bottom).
(E) Immunaoblot analysis (8) of cGKlI (top) and cGKI (bottom) expression in the duodenum, brain, and lung.
(F) Immunoblot analysis of cAK expression in duodenum (8). (G) (Left) cGMP-stimulated protein kinase
activity (9) in the homogenates from mucosal scrapings (BB) of the small intestine. (Right) Guanylyl
cyclase activity stimulated by STa was determined in brush border membranes isolated from cGKII

and cGKII

mice. (H) Immunocblots of the BB membranes, used for analysis of kinase activity, and the

complete duodenum (Duo), containing the mucosa and the muscularis, which were probed with anti-

bodies to cGKIl and cGKI (8).
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and fetal development of c¢GKII-deficient
animals was not impaired. ‘
We first tested the effects of cGKII de-
ficiency on intestinal fluid secretion. The
cAMP- and ¢GMP-signaling cascades are
key regulators of intestinal chloride and
water secretion through the cystic fibrosis
transmembrane conductance regulator
(CFTR) (3, 7). Some studies have suggest-
ed that cGKII mediates the pathophysiolog-
ical effects of E. coli STa (6, 7), a heat-
stable enterotoxin that increases cellular
c¢GMP concentrations and induces diarrthea
(10), whereas other studies have implicated
cross-activation of cAK in these effects (3).
We studied electrogenic anion secretion in
small intestine and caecum (11) by measur-
ing the short-circuit current (I_.) of mucosal
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Fig. 2. Effect of E. coli STa on epithelial electrolyte
transport and fluid accumulation in the intestine.
(A) Epithelial electrolyte transport in stripped mu-
cosa sections from the jejunum of wild-type (v)
and cGKII-null (@) mice. The transepithelial electric
potential difference was measured in Ussing
chamber setups, and the short-circuit current (/)
was calculated as in (72). The mucosa sections
were treated sequentially with 1 wM tetrodotoxin
(a), 100 nM STa (b), 0.2 mM 8-BrcGMP (c), 1 mM
8-BrcGMP (d), and 1 mM 8-BrcAMP (e). Thereaf-
ter the tissues were exposed to 100 uM bumet-
anide (f), which blocks basolateral cotransport of
Na*, K*, and 2CI~, and to 500 wM ouabain (g),
which blocks Na* and K* adenosine trichos-
phatase. The values are mean = SEM of five mice
for each treatment. (B) STa and CT-induced diar-
rhea in intact mice. Fluid secretion into the intes-
tine was measured as the gut weight: carcass
weight ratios in cGKII*/*, cGKII*/~, and cGKII=/~
mice after treatment with STa or CT. Controls
(PBS) were injected with PBS. ( The asterisk in-
dicates P < 0.05, Student’s t test.)
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segments (12) treated with STa, cGMP,
and cAMP (Fig. 2A). The I__ of the mouse
small intestine is mainly due to CFTR-
regulated Cl~ conductance (13). As ex-
pected, treatment of mucosal segments from
normal mice with 100 nM STa led to a
significant stimulation of I that was fur-
ther increased by the addition of 0.2 mM
and 1 mM 8-bromo-cGMP (8-BrcGMP)

these findings, cGKIl-null mice showed
only a marginal stimulation of I__ after STa
treatment that was not increased by the
addition of 0.2 mM or 1 mM 8-BrcGMP.
Jejunal mucosa of cGKII-deficient mice re-
sponded normally to 1 mM 8-BrcAMP,
demonstrating that the absence of ¢GKII
selectively disrupts the STa-cGMP but not
the cAMP pathway.

To evaluate the pathophysiological sig-

tragastric injection of STa (14). Fluid secre-
tion into the intestine of the live animal
can be quantified by determining the ratio
of gut weight to carcass weight (g/c ratio):
gfc ratios greater than 0.083 indicate a di-
arrheal response, whereas ratios less than
0.074 indicate no response to STa (10). In
the ¢cGKII*'* and ¢GKII*/~ mice, STa in-
duced the accumulation of clear fluid in the
intestine, and the g/c ratio increased to

(Fig. 2A). Maximum stimulation of I was
obtained by superfusion with 1 mM 8-bro-
mo-cAMP  (8-BrcAMP). In contrast to

-
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Fig. 3. Analysis of the phenotype in bone and of cGK expression in the
growth plate (75). (A) Time course of body length, measured from the nose to
the anus, of cGKII*/* (@) and cGKIl~/~ (M) male mice. Female mice showed
similar differences (16). The length of cGKII=/~ mice differed significantly from
control mice beginning from the third week (P < 0.05, n = 7 to 17 per point).
(B) X-ray of 8-week-old cGKIl-null mouse (top) and normal littermate (bot-
tom). Bar, 1 cm. (C) Length of tibia (Ti), femur (Fe), ulna (Ul), humerus (Hu),
vertebra (Ve), and clavicle (Cl) of 8- to 10-week-old cGKII*/*+ (open bars) and

(A and B)
Sections of the growth plates of tibiae stained with hematoxylin-eosin from
4-week-old wild-type (A) and cGKlI-null (B) mice. Zones of proliferative (P)
and hypertrophic (H) chondrocytes, as well as the height of the growth plates
(arrowheads), are indicated. Bars, 200 um. (C and D) [*H]Thymidine labeling
of proliferative cells (white arrows) in the growth plates of 3-week-old
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nificance of these observations, we induced
secretory diarrhea in newborn mice by in-

bt

0.092 + 0.006 (n = 5) and to 0.088 =+
0.004 (n = 5), respectively (Fig. 2B). In

Length (mm)

cGKIlI~’~ (shaded bars) male mice (asterisk indicates P < 0.05 versus con-
trol, n = 4). (D) Hematoxylin-eosin staining of tibia of a newborn mouse (bar,
200 pm). (E and F) Immunohistochemical analysis of cGK expression in tibial
growth plates of a newborn mouse with antibodies to GKIl (E) and cGKI (F)
(bar, 200 pm). (G and H) In situ hybridization of tibial sections from a 16.5-
day-old embryo with a cGKll-specific antisense (G) and sense (H) probe.
Darkfield illumination; bar, 200 pm. P, proliferative zone; H, hypertrophic
zone.
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cGKII*’* (C) and cGKII=/~ (D) mice. The arrowheads indicate the height of
the growth plate. Darkfield illumination; bars, 200 um. (E) Transplantation of
femurs between cGKII*/* and cGKII~’~ inbred mice. The increase in length
within 14 days after subcutaneous implantation was measured as percent
increase from the start value. Red indicates the data for cGKII=/~ donors or
recipients. An asterisk indicates P < 0.05 versus control (n = 6).
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contrast, cGKII ™/~ mice showed no accu-
mulation of fluid in the intestine after STa
treatment. This lack of response to STa was
reflected by a g/c ratio of 0.062 = 0.002
(n = 5) (Fig. 2B). However, inactivation of
cGKII did not affect the secretory response
to agents that raise intestinal cCAMP con-
centrations such as cholera toxin (CT) (Fig.
2B).

As the ¢cGKII™/~ mice grew, dwarfism,
short limbs (micromelia), and cranial ab-
normalities became apparent. The differ-
ence in body length between cGKII*/* and
cGKII™/~ mice (I5) increased until it
reached a constant level at 8 to 10 weeks
(Fig. 3A). At this age the mutant mice were
16% shorter and weighed 14% less than
their ¢cGKII*™/* littermates. X-ray analysis
(Fig. 3B) and staining of skeletons with
alizarin-red (16) revealed a 23 to 30% re-
duction in the length of the long bones and
vertebrae (Fig. 3C). In contrast, the size and
weight of the organs within the shortened
trunk of cGKII-null mice were normal (16),
resulting in a distended abdomen (Fig. 3B).
The serum electrolyte levels, bone density,
and total body fat (16) of the cGKII-null
mice were also normal. These findings, to-
gether with the detection of cGKII mRNA
in the chondrocytes of the developing bone
by in situ hybridization (Fig. 3G), suggest
that cGKII has a direct role in bone growth.

The normal development of membra-
nous bones like the clavicles (Fig. 3C) and
bones of the cranial vault but not of the
base of the cranium suggested that the
c¢GKIl-null mutation specifically inhibited
endochondral but not membranous ossifica-
tion. During endochondral ossification,
bone is deposited on a calcified cartilage
matrix that is produced by the growth plate
(17). The growth plate is responsible for
linear skeletal growth and is characterized
by the transition from resting to prolifera-
tive to hypertrophic chondrocytes, typically
in orderly columnar arrays (17) (Figs. 3D
and 4A).

To determine whether growth plate
chondrocytes express cGK, we did immuno-
histochemical stainings with antibodies
specific for the two ¢cGK enzymes. Immu-
nohistochemistry for ¢GKII provided spe-
cific staining of a population of chondro-
cytes located at the border between the
proliferative and hypertrophic zone (Fig.
3E). In addition, a weak staining was ob-
served in early proliferative and resting
chondrocytes (Fig. 3E). The staining was
not present in the ¢cGKII™/~ animals and
also could be competed with purified re-
combinant ¢cGKII (16). We could also de-
tect ¢cGKI expression in the growth plate
that was confined to the hypertrophic zone
(Fig. 3F). Preincubation of the cGKI-specif-
ic antibody with purified cGKI protein (20

pg/ml) abolished the signal. The ¢GKI ex-
pression pattern and density were not af-
fected by the absence of cGKII (16). In situ
hybridization studies (Fig. 3, G and H) con-
firmed the predominant expression of
cGKII in the late proliferative and early
hypertrophic chondrocytes.

Histological examination of long bones
did not reveal substantial abnormalities in
newborn cGKII ™/~ mice. Starting at the first
week postpartum, the cGKII™~ mice devel-
oped severe defects in the axial organization
of the growth plate, which were most prom-
inent at 3 to 4 weeks of age (Fig. 4B). At this
age, cGKll-null mice showed significant
changes in growth plate histology consisting
of irregular and broadened hypertrophic
zones with patches of nonhypertrophic cells
intermingled with hypertrophic chondro-
cytes, even close to the area of vascular
invasion. These cells were identified as pro-
liferative chondrocytes by [PH]thymidine in-
corporation (Fig. 4, C and D). In contrast to
the wild-type mice (Fig. 4A), the cGKII-null
mice showed no clear separation between
the proliferative and hypertrophic zone (Fig.
4B). At 6 to 8 weeks of age, cGKII™/* and
cGKII~/~ growth plates became smaller, but
the mutants showed wedge-shaped columns
of mixed hypertrophic and proliferative
chondrocytes protruding into the trabecular
bone (16).

To exclude the possibility that malab-
sorption or imbalances in hormones or
growth factors were responsible for the
retarded growth of the skeleton, we trans-
planted (I5) mutant and normal long
bones into normal mice. Whereas the
length of normal long bones increased
23 £ 4% (n = 6), the mutant bones grew
only marginally when transplanted into
normal mice (Fig. 4E). Furthermore, long
bones explanted from wild-type mice de-
veloped normally when implanted into
cGKII-deficient mice (Fig. 4E). These re-
sults suggest that the growth defect in the
mutant mice is not due to a general met-
abolic disturbance.

The phenotype of the cGKII-deficient
mice point to a central role for ¢GKII in
diverse physiological processes. The identifi-
cation of the pathway that mediates intesti-
nal fluid secretion by E. coli STa has poten-
tial medical implications, because STa caus-
es traveller’s diarrhea and about 50% of in-
fant mortality in developing countries (10).
Finally the unexpected link between cGKII
and bone growth may be an important step
for understanding the pathophysiology for a
range of bone and joint diseases.
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Recombinant clones were selected with G418 (0.3
mg/ml)  and  1-[2’-deoxy-2’-fluoro-B-D-arabino-
furanosyl-]-5-iodouracil (FIAU) (0.2 wM). Four of 100
double-resistant colonies showed homologous re-
combination at the cGKIl locus. Germline chimeras
were obtained by injection of mutant ES cell clones
into C57BI/6 blastocysts. RT-PCR was performed
with primers that amplify cGKII (nucleotides 508 to
1740) (5) and guanylin (nucleotides 331 to 521) [D.
Sciaky, J. L. Kosiba, M. B. Cohen, Genomics 24,
583 (1994)], respectively. Immunoblot analysis was
performed with antibody (Ab) B32-A3 to the COOH-
terminal region of mouse cGKIl, Ab A16-14 to cGKI,
and Ab to the «, B, and vy catalytic subunits of the
cAK (Santa Cruz Biotechnology, Santa Cruz, CA).

. The intestine was removed from freshly killed mice
and purged with phosphate-buffered saline (PBS).
The epithelial cells were scraped from the mucosal
surface and resuspended in 20 mM KH,PO,, pH
7.0, 2 mM EDTA, and 2 mM benzamidine (for kinase
determination) or in 10 MM tris-HCI (pH 7.4), 300 mM
sorbitol, 2 mM benzamidine, and leupeptin (20 pg/
ml) (for guanylate cyclase activity). The kinase activity
was determined as described [P. Ruth et al., Eur.
J. Biochem, 202, 1339 (1991)], with 10 g of protein
and in the presence or absence of 30 uM cGMP. GC
activity in brush border membranes was determined
as described [A. B. Vaandrager, S. Schulz, H. R. De
Jonge, D. L. Garbers, J. Biol. Chem. 268, 2174
(1998)], with 35 g of protein and 400 ng of STa. The
samples were acetylated and cGMP concentrations
were determined in an enzyme immunoassay (Cay-
man, Ann Arbor, MI). Values are expressed as the
mean * SEM with n = 8 for kinase activity and n = 4
for guanyly cyclase activity.

. R. A. Giannella, Infect. Immun. 14, 95 (1976); Annu.
Rev. Med. 32, 341 (1981).

. The midpart of the jejJunum was excised and opened

longitudinally. All muscle layers were removed with a

forceps under the stereomicroscope. The mucosa

was mounted between two lucite half-chambers

(0.125 cm? of exposed area) in an Ussing chamber

(World Precision Instruments, Berlin) apparatus. The

serosal and luminal solutions were circulated by a

gas-lift system and were identical except that indo-

methacin (10 uM) and glucose (2 mM) were present
in the serosal perfusate, and mannitol (2 mM) in the
luminal perfusate. The perfusate solutions contained

140.6 mM Na*, 4.5 mM K*, 2 mM Ca2*, 1.3 mM

Mg2*,126mM Cl—, 1.3mM SO,2~, 20mM HCO, ™,

and 1.5 mM HPO,2~, were gassed with 5% CO,-

95% O,, and were kept at 37°C.

H. H. Ussing and K. Zerahn, Acta Physiol. Scand. 23,

110 (1951).

. 8. E. Gabriel, K. N. Brigman, B. H. Koller, R. C.
Boucher, M. J. Stutts, Science 266, 107 (1994).
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14. The suckling mouse model (70) was used to quantify
the STa-induced diarrhea in vivo. STa (50 ng) was
dissolved in 0.5 ml of isotonic PBS and injected intra-
gastrically in 3- to 4-day-old mice. After a 2-hour in-
cubation at 25°C, the whole intestine without stom-
ach was carefully removed and weighed. The g/c ratio
was calculated as the ratio of gut weight to remaining
carcass weight. To evaluate the response to CT, we
used the sealed mouse model [S. H. Richardson, J. C.
Giles, K. S. Kruger, Infect. Immun. 43, 482 (1984)].
Data are expressed as mean + SEM of five mice for
each treatment. P < 0.05 versus control.

15. Bone length was determined by x-ray analysis and
by analysis of alizarin-red-stained skeletons. Data
are expressed as mean * SEM. For immunohisto-
chemistry, knees were fixed in 95% ethanol over-
night and cut in 6-um sections. Sections were incu-

bated for 1 hour with Abs to cGKI and cGKII (8). The
primary Abs were visualized by using a biotinylated
secondary Ab (antibody to rabbit immunoglobulin G),
followed by avidin-peroxidase complex and devel-
oped with H,0,-3,3'-diaminobenzidintetrahydro-
chlorid (Vectastain, Burlinghome, CA). For in situ hy-
bridization, specimens were fixed in 4% paraformal-
dehyde ovemight, embedded in paraffin, and cut in
6-pm sections. In situ hybridization was performed
with a cGKIl cDNA probe (nucleotides 960 to 1719)
(5). [BH]Thymidine labeling of growth plates was per-
formed as described [A. M. Reimold et al., Nature
379, 262 (1996)], and bone transplantation was per-
formed as described by W. J. L. Felts [Transplant.
Bull. 4,5 (1957)]. Femurs of 1-week-old donors were
implanted subcutaneously into 4- to 6-week-old re-
cipients. After 14 days, the mice were killed and the

Control of EGF Receptor Signaling by
Clathrin-Mediated Endocytosis

Amandio V. Vieira, Christophe Lamaze, Sandra L. Schmid*

Epidermal growth factor receptor (EGFR) signaling was analyzed in mammalian cells
conditionally defective for receptor-mediated endocytosis. EGF-dependent cell prolif-
eration was enhanced in endocytosis-defective cells. However, early EGF-dependent
signaling events were not uniformly up-regulated. A subset of signal transducers required
the normal endocytic trafficking of EGFR for full activation. Thus, endocytic trafficking
of activated EGFR plays a critical role not only in attenuating EGFR signaling but also
in establishing and controlling specific signaling pathways.

Signaling by ligand-activated receptor ty-
rosine kinases (RTKs) such as EGFR can
elicit a wide range of cell type-specific re-
sponses leading to proliferation or differen-
tiation. EGF binding triggers dimerization
and trans- or autophosphorylation of the
receptor, followed by recruitment and acti-
vation of SH2 (src homology domain 2) or
PTB (phosphotyrosine binding) domain—
containing intracellular signal transducers
(1). Ligand binding also triggers the recruit-
ment of EGFR to clathrin-coated pits, fol-
lowed by internalization of the EGFR-li-
gand complex and its delivery to lysosomes
for degradation (2). Although activated
EGEFR follows the canonical endocytic path-
way (3) during this process of “down-regula-
tion,” RTK-specific regulators affecting sort-
ing at both early (4, 5) and late (6, 7)
trafficking steps have been-identified. Many
of these regulators, for example, snx-1 (sort-
ing nexin 1) (6) and phosphatidylinositol
3-kinase (PI-3-kinase) (7), appear to affect
sorting of only a subset of RTKs. Why should
RTKs have their own repertoire of intracel-
lular trafficking regulators? One possibility is
that regulation of trafficking serves to mod-
ulate RTK signaling.

To examine whether EGFR endocytosis
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and trafficking are important for control-
ling the signaling pathways and cellular re-
sponses to EGF, we examined these events
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Fig. 1. Endocytic trafficking of EGFR in cells ex-
pressing WT and K44A mutant dynamin. (A) The
kinetics of ligand-induced internalization of occu-
pied EGFR (@, O) and the basal rate of internaliza-
tion of unoccupied EGFR (A, A) in stably trans-
fected Hel a cells overexpressing either WT (@, A)
or K44A mutant (O, A) dynamin. The amount of
biotinylated EGF (B-EGF) or B-mAb528 (a mono-
clonal antibody to EGFR) internalized at 37°C was
quantified by avidin inaccessibility (5). (B) K44A
(0) and WT (m) cells were surface biotinylated (20)
at 4°C and then incubated for the indicated times
at 37°C after addition of EGF. Cells were removed
in aliquots, lysed, and immunoprecipitated with
anti-human EGFR IgG (217), and the remaining B-
EGFR was detected with streptavidin-horserad-
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in cells conditionally and specifically defec-
tive in clathrin-dependent receptor-mediat-
ed endocytosis (8). The conditional defect
in endocytosis is imposed by the regulated
expression of the Lys* — Ala* (K44A)
mutant form of dynamin (8), a guanosine
triphosphatase that is required for clathrin-
coated vesicle formation (9).
Ligand-induced endocytosis of EGFR
was potently inhibited in cells overexpress-
ing K44A dynamin (K44A cells) as com-
pared with cells overexpressing comparable
amounts of wild-type dynamin (WT cells)
(Fig. 1A). In contrast, endocytosis of inac-
tivated EGFR, defined as the basal rate and
measured with mAb528 [an antagonistic
monoclonal antibody (mAb) to EGFR] as
ligand (10), was not significantly affected
(Fig. 1A). These data confirm the role of
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ish peroxidase. (C) K44A (O) and WT (M) cells were treated with EGF for the indicated times, then surface
biotinylated at 4°C (20) and analyzed for B-EGFR after immunoprecipitation (27).
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