
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 
orions. The existence of orion 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 ~rotease-resistant fragments of " 

PrPSc 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 PrPSc 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. 

Our 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 PrP". Because orion strains 
produce different disease phenotypes, such 
findings raise the oossibilitv that deviations in 
the p&notypes df other degenerative disor- 
ders may also reflect conformational variants 
in pathologic proteins. Variations in the con- 
formation of PrPSc are reproduced through 
templating of the PrPSc in the inoculum onto 
the substrate PrPC. 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 II 
Alexander Pfeifer,* Attila Aszodi,? 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 II 
cGK were resistant to Escherichia coli STa, an enterotoxin that stimulates cGMP ac- 
cumulation and intestinal fluid secretion. The cGKll-deficient mice also developed dwarf- 
ism that was caused by a severe defect in endochondral ossification at the growth plates. 
These results indicate that cGKll plays a central role in diverse physiological processes. 

N i t r i c  oxide ( N O )  and a broad spectrum of 
hormones, drugs, and toxins raise intracel- 
lular cGMP concentrations and thereby 
regulate a great variety of functions, includ- 
ing smooth muscle relaxation, neuronal ex- 
citability, and epithelial electrolyte trans- 
port (1) .  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' , if-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 11, which are encoded by distinct 
genes ( 5 ) .  Smooth muscle, platelets, and 
cerebellum contain high concentrations of 
the type I 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 
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and electrolyte induced by the E. coli toxin 
STa and the intestinal peptide guanylin (7). 

T o  investigate the physiological roles of 
cGKII, we generated mice carrying a null 
mutation of the cGKII gene (cGKII-I- 
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. lC), reverse 
transcriptase-polymerase chain reaction 
(RT-PCR) (Fig. ID), and immunoblotting 
of intestinal, brain, and lung extracts (Fig. 
1E). Assays of jejunal homogenates for 
cGMP-stimulated phosphotransferase activ- 

i ty (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- 
i n g ~  of outbred and inbred mice produced 
viable pups (n = 202) wi th the expected 
Mendelian frequency. These mice were also 
fertile as adults, suggesting that embryonic 

Fig. 1. Targeted disruption of A cGMP btnding ATP 
the cGKll gene. (A) Structure of 
cGKll showing the cGMP-bind- - D 1 ,   coo^ 

ing pockets (boxed A and B), 
ATP-binding, and catalytic do- 

cGK'' 5 kb\-; 
target locus R K H .S K 

main are shown in the top dia- . . I .I 1 .  4 ! . . 
gram. Localization, restriction , , \  

# , \  \ 

' 6  map, and organization of exons 
(filled boxes) and introns (lines) 

Targetlngvector of the cGKll target locus are 
shown in the second diagram. 
The targeting vector pNTKK2LS, B 

R K H  R H R  S K 
third diagram, contains 6.2 kb of Targeting . . 1 1  ... +neor .-..... . 
cGKll genomic sequence that event El 
flanks the neomycin resistance -3.5 kb- 

cassette (neof). The insertion 
deletes a 308-bp Bam HI-Hinc II B + . , ,  . i 4 Dudenurn Brain Lung 

fragment of the second coding + + + +  I-- 

exon and of the following intron. 
The disrupted exon (nucleotides 
903 to 1070) (5) encodes the 3.5-m- 

first part of the cGMP binding 68 

pocket. The bottom diagram 
shows the structure of the ho- C 4 L a 

mologous recombination prod- 
uct. Abbreviations: 6, Barn HI; 68 

R, Eco RV: K, Kpn I: H, Hinc II: S. 
Sma I; tk, herpes simplex virus 
thymidine kinase gene; and P, D F + .k 2 
probe. (B) Identification of + + 

5 cAKa 
cGKII+!+, cGKII+'-, and 
cGKII-I- mice by Southern 

: (DNA] blot analysis. Hybridiza- 
tion of Eco RV-di- 
gested genomic DNA 

G H 
with probe P results 
in a 3.5-kb mutant- 
specific band. (C) 
Northern blot of total r 5 

E 
RNA extracted from 
the jejunum of !: 

0 E cGKII*", cGKII+'-, $5 100 

and cGKII-!- mice. g 
The blot was hybrid- 

+i+ -/- +i+ -, ~ ized with mouse 
cGKll cDNA sequences (nucleotides 690 to 1308) (5). (D) RT-PCR (8) of RNA isolated from the small 
intestine of cGKI1"' and cGKII-' mice with primers that amplify cGKll (top) and guanylin (Gua) (bottom). 
(El lmmunoblot analysis (8) of cGKll (top) and cGKl (bottom) expression in the duodenum, brain, and lung. 
(F) lmmunoblot 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) lmmunoblots of the 66 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 cGKll and cGKl (8). 

and fetal development of cGKII-deficient 
animals was not impaired. 

We  first tested the effects of cGKII  de- 
ficiency o n  intestinal fluid secretion. The 
CAMP- and cGMP-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 
cGMP concentrations and induces diarrhea 
(1 O), whereas other studies have implicated 
cross-activation of c A K  in these effects (3). 
We  studied electrogenic anion secretion in 
small intestine and caecum (I 1 ) by measur- 
ing the short-circuit current (I,,) of mucosal 

-40' 0 20 ' 40 60 ' 60 ' I & '  120 

Time (min) 

PBS STa STa STa PBS CT CT 

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 (I,J 
was calculated as in (12). The mucosa sections 
were treated sequentially with 1 pM 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 pM bumet- 
anide (f), which blocks basolateral cotransport of 
Na+, K+, and 2CI-, and to 500 pM ouabain (g), 
which blocks Na+ and K+ adenosine t r i ~ h 0 ~ -  
phatase. The values are mean 2 SEM of five mice 
for each treatment. (6) 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 wi th STa, cGMP, 
and cAMP (Fig. 2A). The I, of the mouse 
small intestine is mainly due to  CFTR- 
regulated C1- conductance (13). As ex- 
pected, treatment of mucosal segments from 
normal mice wi th 100 nM STa led to  a 
significant stimulation of I,, that was fur- 
ther increased by the addition o f  0.2 m M  
and 1 m M  8-bromo-cGMP (8-BrcGMP) 
(Fig. 2A). Maximum stimulation of I,, was 
obtained by superfusion wi th 1 m M  8-bro- 
mo-CAMP (8-BrcAMP). In contrast to 

these findings, cGKII-null mice showed 
only a marginal stimulation of I,, after STa 
treatment that was not  increased by the 
addition of 0.2 m M  or 1 m M  8-BrcGMP. 
Jejunal mucosa of cGKII-deficient mice re- 
sponded normally to 1 mh4 8-BrcAMP, 
demonstrating that the absence of cGKII  
selectively disrupts the STa-cGMP but not  
the cAMP pathway. 

T o  evaluate the pathophysiological sig- 
nificance o f  these observations, we induced 
secretory diarrhea in newbom mice by in- 

tragastric injection o f  STa (14). Fluid secre- 
t ion into the intestine of the live animal 
can be quantified by determining the ratio 
of gut weight to carcass weight (g/c ratio): 
g/c ratios greater than 0.083 indicate a di- 
arrheal response, whereas ratios less than 
0.074 indicate n o  response to STa (10). In 
the cGKII+/+ and cGKII+/- mice, STa in- 
duced the accumulation of clear fluid in the 
intestine, and the g/c ratio increased to 
0.092 f- 0.006 ( n  = 5) and to 0.088 f- 
0.004 (n  = 5), respectively (Fig. 2B). In 

Fig. 3. Analysis of the phenotype in bone and of cGK expression in the 
growth plate (15). (A) Time course of body length, measured from the nose to 
the anus, of cGKII+'+ (0) and cGKII-/- (.) 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 cGKII-null mouse (top) and normal littermate (bot- 
tom). Bar, 1 cm. (C) Length of tibia (Ti), femur (Fe), ulna (UI), humerus (Hu), 
vertebra (Ve), and clavicle (CI) of 8- to 1 O-week-old cGKII+/+ (open bars) and 

cGKII-I- (shaded bars) male mice (asterisk indicates P < 0.05 versus con- 
trol, n = 4). (D) Hematoxylin-eosin staining of tibia of a newbom mouse (bar, 
200 pm). (E and F) lmmunohistochemical analysis of cGK expression in tibial 
growth plates of a newborn mouse with antibodies to GKll (E) and cGKl (F) 
(bar, 200 pm). (G and H) In situ hybridization of tibial sections from a 16.5- 
day-old embryo with a cGKII-specific antisense (G) and sense (H) probe. 
Darkfield illumination; bar, 200 pm. P, proliferative zone; H, hypertrophic 
zone. 

Donor +I+ -1- +/+ +/+ 
Recipient +I+ +I+ -I- +I+ 

Fig. 4. Analysis of the skeletal defect of cGKII-deficient mice. (A and B) cGKII+/+ (C) and cGKII-I- (D) mice. The arrowheads indicate the height of 
Sections of the growth plates of tibiae stained with hematoxylin-eosin from the growth plate. Darkfield illumination; bars, 200 pm. (E) Transplantation of 
4-week-old wild-type (A) and cGKII-null (B) mice. Zones of proliferative (P) femurs between cGKII+/+ and cGKII-/- inbred mice. The increase in length 
and hypertrophic (H) chondrocytes, as well as the height of the growth plates within 14 days after subcutaneous implantation was measured as percent 
(arrowheads), are indicated. Bars, 200 pm. (C and D) PHIThymidine labeling increase from the start value. Red indicates the data for cGKII-/- donors or 
of proliferative cells (white arrows) in the growth plates of 3-week-old recipients. An asterisk indicates P < 0.05 versus control (n = 6). 
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contrast, cGKII-'- mice showed n o  accu- 
mulation of fluid in the  iiltestine after STa 
treatment. This lack of response to STa was 
reflected by a g/c ratio of 0.062. i 0 . E 2  
( 7 1  = 5) (Fig. 2B). However, i~~ac t iva t ion  of 
cGKII did not affect the  secretory response 
to  agents that raise intestinal chIvlP con- 
centrations such as cholera toxin ( C T )  (Fig. 
2.6). 

As the cGKIIp'- mice grew, d\varfism, 
short l~lnhs  (micromelia), and cranial ab- 
norlnalities becalne apparent. T h e  differ- 
eilce in bod!; length between cGKIIt+ and 
cGKIIp'- Inice (15) lllcreased until it 
reached a coilstailt le\-el at 8 to lc? weeks 
(Fig. 3 A ) .  A t  this age the  mutant lnlce were 
16% shorter and weighed 14Yo less thail 
their cGKII+!- littermates. X-ray analysis 
(Fig. 3 6 )  and stainiilg of skeletoils \vith 
alizarin-red (16) revealed a 23 to 3C0h re- 
d~lctioil  111 the le~lgth  of the  long bones and 
vertebrae (Fig. 3C) .  In  contrast, the  size and 
~veight of the  organs within the  shortelled 
trunk of cGK11-11~111 mice were ilorlnal ( 1  6 ) ,  
resultiilg in a distended abdomeil (Fig. 3 6 ) .  
T h e  serum electrolyte levels, bone density, 
and total body fat (1 6 )  of the  cGKI1-null 
Inice were also normal. These findings, to- 
gether with the  detection of cGKII m R N A  
in the  cho~ldrocytes of the  developing bone 
b!; in situ hybridi:ation (Fig. 3 G ) ,  suggest 
that cGKII has a direct role in bone gro~vth. 

T h e  normal developmeilt of membra- 
nous bones like the  clavicles (Fig. 3 C )  and 
boiles of the  cranial vault but not of the  
base of the  cra~liuin suggested that the  
cGKII-null 1nutatio11 specifically inhibited 
eildochoildral but not  ineinhranous ossifica- 
tion. During e i ~ d o c h o ~ ~ d r a l  ossification, 
bone is deposited o n  a calcified cartilage 
inatrix that is produced by the  gro\vth plate 
(1 7). T h e  gro~vth plate is responsible for 
linear skeletal g r o ~ ~ t h  and is characterized 
by the trailsitioil from resti~lg to  prolifera- 
tive to hypertrophic chondrocytes, typically 
in  orderly columnar arrays (1  7) (Figs. 3 D  
and 4 h ) .  

T o  deterlniile whether gron.th plate 
chondrocytes express cGK, n.e did immuno- 
histochelnical stainings \\.it11 antibodies 
specific for the two cGK en~ymes.  Immu- 
nohistochemistry for cGKI1 provided spe- 
cific staining of a population of chondro- 
cytes located at the  border bet~veen the  
proliferative and hypertrophic zone (Fig. 
3E).  In  addition, a weak staining \\,as ob- 
served in early proliferative and resting 
chondrocytes (Fig. 3E).  T h e  stai~ling was 
not present in the  cGKIIp'- animals and 
also could be competed with purified re- 
combillant cGKII (16) .  \XJe could also de- 
tect cGKI expressioil in the  g r o m ~ h  plate 
that was conflned to the  hypertrophic zone 
(Fig. 3F) .  Prei~lcubation of the  cGKI-specif- 
ic antibody with purified cGKI protein (2.C 

pg/inl) abolished the  signal. T h e  cGKI ex- 
pression pattern and densit!- were not af- 
fected by the  absence of cGKI1 (16) .  In  situ 
hybridization studies (Fig. 3, G and H)  con- 
firlned the  predolninant expression of 
cGKII in the  late proliferative and early 
h!;pertrophic cho~ldrocytes. 

Histological examinatlo11 of long bones 
did not reveal substantial abllorrnalities 111 

11e\~:bom cGKII-'- mice. Startmg at the flrst 
aeek  postpartun, the  cGKIIp!- mice devel- 
oped severe defects in the  axlal o r g a ~ ~ l ~ a t i o n  
of the growth plate, n.hich were lnost prom- 
i~leil t  at 3 to 4 mieelcs of age (Fig. 4B). A t  this 
aoe, cGKII-null Inice shorved siollificailt 
changes 111 growth plate histology co~~sis t ing 
of i r reg~~lar  and broade~lecl hypertrophic 
Tones with patches of nonhypertrophic cells 
iiltermii~gled with hypertrophic chondro- 
cytes, even close to the area of vascular 
invas~on. These cells were identified as uro- 
liferative chondrocytes by [3H]tl~ymidine in- 
cor-poration (Fig. 4, C and n). In contrast to 
the wild-type mice (Fig. 4A) ,  the cGKI1-null 
mice shelved n o  clear separation between 
the proliferative and hypertrophic zone (Fig. 
46) .  A t  6 to 8 weeks of age, cGKIIf'+ and 
c G K I I p !  gron.th plates became smaller, but 
the mutants shelved wedge-shaped colulnns 
of inixed hypertrophic and proliferative 
chondrocytes protruding illto the trabecular 
bone ( 1  6) .  

T o  exclude the  possibilit!; t ha t  malab- 
sorutioil or  imbalances in  horinolles or 
gro\vth factors were respo~lsible for the  
retarded growth of the  skeleton, we trans- 
planted (15)  inutailt and ilorinal long 
bones into 11or1nal mice. X'hereas the  
length of norillal long bones illcreased 
23 I 40'0 (n  = 6 ) ,  the  mutant bones grew 
o111!; inargiilally when tra~lsplanted into 
normal mice (Fig. 4E) .  Furthermore, long 
bones esplailted froin wild-type inice de- 
\-eloped normall!; when implanted into 
cGKII-deficient mice (Fig. 4E) .  These re- 
sults suggest that  the  growth defect in  the  
mutallt mice is no t  due to  a general met- 
abolic disturbance. 

T h e  phenotype of the cGKII-deficient 
mice point to a central role for cGKII 111 

diverse physiological processes. T h e  identifi- 
catloll of the path\i~a!; that inediates intesti- 
nal fluid secretion by E, coli STa  has poten- 
tial medical ~mplications, because STa  caus- 
es traveller's diarrhea and about 5CYo of ill- 
failt mortality in developing countries ( I ? ) .  
Finally the  unexpected link betneen cGKII 
and bone growth may be an  iinportant step 
for understanding the pathophysiology for a 
range of bone and joint diseases. 
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in cells conditionallv and s~ecificallv defec- 
tive in clathrin-dependent receptor-mediat- 
ed endocvtosis (8). The conditional defect - . . 
in endocytosis is imposed by the regulated 

Amandio V. Vieira, Christophe Lamaze, Sandra L. Schmid* expression of the L ~ s ~ ~  + A1a44 (K44A) 
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mutant form of dynamin (S), a guanosine 
Epidermal growth factor receptor (EGFR) signaling was analyzed in mammalian cells triphosphatase that is required for clathrin- 
conditionally defective for receptor-mediated endocytosis. EGF-dependent cell prolif- coated vesicle formation (9). 
eration was enhanced in endocytosis-defective cells. However, early EGF-dependent Ligand-induced endocytosis of EGFR 
signaling events were not uniformly up-regulated. A subset of signal transducers required was potently inhibited in cells overexpress- 
the normal endocytic trafficking of EGFR for full activation. Thus, endocytic trafficking ing K44A dynamin (K44A cells) as com- 
of activated EGFR plays a critical role not only in attenuating EGFR signaling but also pared with cells overexpressing comparable 
in establishing and controlling specific signaling pathways. 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 

Signaling by ligand-activated receptor ty- and trafficking are important for control- monoclonal antibody (mAb) to EGFR] as 
rosine kinases (RTKs) such as EGFR can ling the signaling pathways and cellular re- ligand ( lo) ,  was not significantly affected 
elicit a wide range of cell type-specific re- sponses to EGF, we examined these events (Fig. 1A). These data confirm the role of 
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 
EGFR follows the canonical endocytic path- 
way (3) during this process of "down-regula- Time (min) Time after EGF treatment (min) 
tion," RTK-specific regulators affecting sort- 
ing at both early (4, 5) and late ( 6 ,  ,) Fig. 1. Endocytic trafficking of EGFR in cells ex- 

pressing WT and K44A mutant dynamin. (A) The 
trafficking stepS have been identified. kinetics of ligand.induced internalization of occu- a 100 r 

these for snx-l pied EGFR (0,O) and the basal rate of internaliza- 
.exin 1) ( 6 )  ~ h ~ s ~ h a t i d ~ l i n ~ s i t ~ l  tion of unoccupied EGFR (A, A) in stably trans- 4 80 

3-kinase (PI-3-kinase) (71, appear to affect fected HeLa cells overexpressing either WT (0, A) 
sorting of only a subset of RTKs Why should or K44A mutant (0, A) dynamin The amount of !% 60 - 
RTKs have their own repertoire of intracel- biotinylated EGF (B-EGF) or B-mAb528 (a mono- 2 
lular trafficking regulators? One possibility is clonal antibody to EGFR) internalized at 37°C was 40 - 
that regulation of serves to mod- quantified by avidin inaccessibility (5). (6) K44A E - 
date RTK signaling. (0) and WT (W) cells were surface biotinylated (20) 20. 

at 4°C and then incubated for the indicated times f, To examine whether EGFR endOcytosis at 37°C after addition of EGF. Cells were removed 0 
in aliquots, lysed, and immunoprecipitated with 

C -' 1 

WT K44A 

I I 

0 20 40 60 
Department of Cell Biology, The Scripps Research Insti- anti-human EGFR IgG (PI), and the remaining €3- Time (min) 
tute, La Jolla, CA 92037, USA. EGFR was detected with streptavidin-horserad- 
*TO whom correspondence should be addressed, ish peroxidase. (C) K44A (Ci) and WT (W) cells were treated with EGF for the indicated times, then surface 
E-mail: slschmid@scripps.edu biotinylated at 4°C (20) and analyzed for B-EGFR after immunoprecipitation (21). 




