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=Abstract=

Right after synthesis in the rough ER, secretory and cell surface expression
proteins are initially modified in the lumen of the ER, followed by further modi-
fications in the golgi and vesicular transport to their predestined place, e.g.
cell surface or secretion. In contrast, ER resident proteins, both ER lumenal
and transmembrane proteins, escape from the vesicular transport by using spe-
cific retention signals. CD4, a cell surface marker of helper T cells, is a glycopro-
tein composed of extracellular domains, a single transmembrane region, and
a 38 amino acid long cytoplasmic region. The mutant of CD4, in which the
cytoplasmic C-terminal 13 amino acids were truncated, was not expressed on
the cell surface but was retained in the ER. The C-terminal amino acids (-
Lys-Lys-X-X) of this mutant may have the sequence information for ER reten-
tion and possibly all transmembrane proteins. This retention motif functions
only in the presence of a transmembrane region. By contrast, the -Lys-Lys-
Glu-Leu motif, which targets ER lumenal proteins, does not function in the
presence of a transmembrane region. These results suggest that two distinct
mechanisms are involved in ER retention or ER resident proteins.

The T cell antigen receptor-CD3(TCR/CD3) complex which is known to
be composed of at least seven polypeptides is a key molecule in immune
recognition and regulation. Cell surface expression of this complex (and degra-
dation of excessively synthesized TCR chains) is strictly regulated in the ER.
Both TCR ¢ and g chains are rapidly degraded in the ER unless they are
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transported to the cell surface after formation of such big complex in the ER.
In the present work, mechanism for ER degradation of TCR chains is proposed.
ER degradation of unassembled TCR ¢ chain is caused by exposure of hydro-
phobic transmembrane region to the polar enviroment of the ER lumen. Based
on this observation, we hypothesize that any misfolded or denatured proteins
would be subjected to ER degradation by exposing their hydrophobic regions
to the degradation systems. This hypothesis can be supported by the observa-
tion of TCR g chain degradation in the ER.
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driatt ESANe d@FEE AL 2E
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ER retention signal of ER resident pro-
teins

ZHA X H (rough endoplasmic reticu-
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Ao BA == 5o|g retention signals
Zk3 glgo] AT F, XA B
EAste 84 dHEEY C-terminal
end®] —Lys—Asp—Glu—Leu (—KDEL)
o] ojm At AFEAME Zal e Gl EE
(heavy chain binding protein, disulfide iso-
merases )2 AX ¥1o 2 FHIHAY AX
EH expression® A 5L d2iglo] AX
Aol BAEH7, 8). LY olHF —
KDEL retention signal sequencex> &34
o] B ol EAlste G ol AgHY tra-
nsmembrane regions Zil U transme-
mbrane proteing9] A+ MFHA B
th. 213 EZ transmembrane proteinE <]
ER retention signal$ @olE i1z} A F A<
single transmembrane protein®Z ¢& 7l
CD 4 protein< standard moleculeZ A ¥
3G th CD4 proteine 4719 domainl. &
7’49 extracellular domain® 20709 &
4 ofmxAte 2 o]FolZl transmemb-
rane region % 3871 ¢ ojmjito 2 AR
cytoplasmic domainS&.Z ©]Fo1& 3lom
XA AAFHA ZE3a ME FH expre-
ssion¥l & oFF A& A< single transmem-
brane protein®]th. 3 extracellular do-
main 1°= AIDS virus £ HIV virusE9
binding site7} EA} 3L gict. o] A% 5L
211 CD4 protein®] cytopasmic domain<]
ZF 7t R o] E£2)8= glutamineS stop co-
don&E X|ZA|AH C-terminal end’} —
Lys—Lys—X—X(—KKXX, X : any amino
acid) o] ouxdt AFEME ZE CD4
mutant(CD4.Q421 stop) & TAH o= 3l
o2{7tA FEH S mutantE A3} olE
CD4 muntants cDNAE HelLa cell®l trans-
fectionA]| A4l expression®]= CD4 pro-
teinE 2] ZE cell staining ¥ immunop-
recipitation W 0.2 ZAgH A7 @ A CD
4.Q421 stop mutant¥re] AXA o] FAH
o] #&HANH(Fig. 1).
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Fig. 1. ER retention of truncation muta-
nts of CD4. Specific localization
of CD4 wild type(WT) and the
mutants was examined by cell sur-
face, permeabilized cell staining,
and endo H digestion of immuno-
precipitates. (A) Amino acid se-
quences of cytoplasmic region
from Arg-402. Identity of amino
acids to the reference sequence
is indicated by a dash and stop
codons are indicated(*). (B)
Cell surface (rows SUR) and per-
meabilized cell (row PER) stai-
ning patterns are shown.(x20 and
x110, respectively) (C) Immuno-
precipitates were incubated with
(+) or without(—) endo H for
12 hr and analyzed by SDS/
PAGE using 10% gels.
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minal end¥] o} x=4t 2FEAE —Arg—
Lys—X—X& Lys—X—Lys—X—XZ X%
AlZ! mutants® AXA o] FA|Ho] FSlE]
AH(Fig. 2).
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Fig. 2. Alteration of the positively char-
ged amino acids and their position
in the ER retention motif of CD4.
Q421 stop(A). Each mutant was
tested for its ER retention by im-
munofluorescence of the cell sur-
face(on the right) and permeabili-
zed cell(on the left) staining.(B).

B
Q421stop

E416K/K417Q/
Q421stop

o|2{gt Z#HE-L C-terminal endd] &)
3= KKXX, RKXX 2 KXKXX9} ofw]=At
A3 A7} transmembrane proteinES 4
XA o BAAZI= retention signaldE
T ok 52 84 DHIEY re-
tention signald] —KDEL¥} E<Ql%o] w7
gt transmembrane proteinE %] retention
signal?l —KKXX2] §4-& v2 Z2ARIY
t}. &, CD4 protein® transmembrane re-
gion¥ cytoplasmic domains A A F&
4 CD4 mutant®] C-terminal end®l] #%}
—KDEL# —KKXXE A7l mutant$}
o9} ¥WHJZ transmembrane region®]
EA3= CD4 protein® cytoplasmic do-
main® —KDEL¥# —KKXX retention sig-
nalg H¥AIZl CD4 mutantsE A 23}
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ol FZE ZASIAUS @ ER lumenal
proteins 2] retention signal¢! —KDEL
transmembrane region®| $1= 2%l T re-
tention signal24 #-83}% —KKXX rete-
ntion signal- transmembrane region®]
EA 3= 7T retention signal2A1 &

S T F d5ol FFHAN(Fig. 3).
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Fig. 3. Effect of transmembrane regions
on the ER retention motifs —
KDEL and —KKXX. (A) Introdu-
ction of the motifs at Gly—351
(lanes 1—3), Trp—365(lanes 4
—6), or GIn—403(lanes 7—9).
As the result of different restriction
sites used for constructions, the
sequences added to Ser—350
were —VKDEL or —VEKKTS, to
Thr— 364 were —WSKDEL or —
WSEKKTS, and to Arg—402 were
—LVKDEL or —LSEKKTS. CYT,
cytoplasm. (B) ER retention of
soluble proteins was measured by
secretion into the medium after
a 15—min pulse labeling and a
4—hr chase [lanes 1—6, immu-
noprecipitates of medium (M) or
cell pellet lysate(P)]. Endo H sen-
sitivity was used for transmemb-
rane proteins[lanes 7—9, with
(+) or without(—) endo H dige-
stion .
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ol A} T 79 retention
signalE°] A echanism< £3l4
A2 A EA3te GHAES FAA 7
UAes gu|gt

£ Aol A AH8-§ CD4 protein® TCR
@ B chainE 4] extracellular domain®ll= 2
2, 5, 37§19} N-glycosylation site(Asn—X—
Ser, Asn—X—Thr)7} EA3t=d] g EE
o] IH4E F AXA o FAAA o] E siteoll
F(mannose) ] Z# 3= glycosylation©]
dojd thg o] THA| golgiZ FHH o]
T & F#A A% (thilation) & AXA 1E&
o] HFEAHAZR FFEY. 28EE olF
G A So] AXA o HA ] JoH ol &
2 endoglycosidase H(Endo H) ¢l ]3}<
Zol AAH AT Al DY bpadE
UEl Y o]E9] golgidl 4= & g
FARRE AFYGE o]EL Yol Endo
Hell &3t #aisA] ¥om (9, 10) 7]
¥%* F7}A band(Endo H sensitive
from} resistant from)& WEFATE 282
2 Endo HE & XA o] EA)8l= Tl A5 9
% 8.3 maker enzyme .2 A}2E & gl

Intracellular fates of the TCR g, B chains

TAHIXE 89 & (T cell antigen recep-
tor . TCR)= F7HY MZ & chaing°]
disulfide Z# 2.2 ©]F0]Z heterodimer(y
B EE y polml o5& AX EHM A
oI A 7}2]9] non-polymorphic polypeptide
E THE CD3EA(y, 5,6 L d BFAES
Fd3etal o (11). ©13% TCR/CD3 &
A FAAH A 209 EFA (assembled
complex)®] AE FWHA 29 F4£7)7 o)
Hdotods HZo] o2y g4 w Az
AT &, TCR/CD3 &A= o] EgAS
T3 Z47+e] peptideE©o] Z2H AX A
oA FAHAE F AZANA ZYEE go-
lgidlAd < o 3" e MEagoez
TEHol HHHQl 715S vedth 2
HY TCR/CD3 E3A9] Ao Haistx

o]

g 7 74492 (TCR ¢, g chains )%
gHdE B843 TCR/CD3 584+ &
ZA ] BATAY 2XA A FA3) £
= dF= lysosomedl A E3ETII
HA Ao(12) ol A4 F+44
ojw$t degradation mechanism-
B HEA Fatdes LA AA
a2z B =FdA= TCR ¢, B chain
59 72 EAT LXA A AA 2
3 71&e #3le =3kt g

TCR ¢ chain& 228709} ¢}vji=ito =z
T4 8 extracellular domain® 2071¢] o}
n=4tO 2 o] F0Z] transmembrane re-
gion E 5709 wj$ FHL ojujiito 2 o]
0131 cytoplasmic tail & 2 transmemb-
rane protein®2 ¥#A vt T3 TCR
B chain 256789 ofv|i=ito 2 o] Folxl
extracellular domain@ 287§ &] =2 A4
olm|:=4to 2 FAE transmembrane H
2 6709 ZAL otmiitEo] cytoplasmic
tail& 743t U= single transmembrane
protein® 24} C-terminal end9l< 5ol3}
A 42 TCR chaindll& &A38tA ¥+ ER
transmembrane protein® retention motif
9 —Lys—Arg—Lys—Asp—Phe(—KX-
KXX)7F A3 e} o)t BEA L 2t
human TCR ¢, g chain® cDNAE Hela
celloll transfection A1Z1 ¥ expression®
o He) P2 E FAR A oL nF
XA BAH I 8= AcH(Fig. 4 A, B).

23 TCR o, p chainEd #3 F4E
B3] FolE At TCR g chaing enco-
dingdh= cDNAZ Hela celll transfec-
tion*]Z ™ expression¥ = B A2} lyso-
someo A9 R E WA57] et A E
e pHE F7HAZ & & 50mM NH.
Cl& H7FlY ey NH.Cle &4 =+ 9
TN o] 3 FFo] A TH(Fig.
4 C).

olelgt A7 5L CD3 *A AREH B
FAE BA4sA] Z3h= TCR o, g chain

ES
l
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A M(ﬁ:ﬁ ’”6"“""'5‘"‘“""'5’““‘ dicate hours after chase). Molecu-

EnduH TEETE 1-;: - + - A+ ,,' lar size standards are shown at the
o Con V left in kilodaltons.
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£9] golgi =< lysosomel 2 FFHA &

ol D23 AAYD 2ZANN BHES

: ® - - 2} 3t golgiol Al lysosomel] 29 vesicu-

o oo *. e 5 DR - lar transport® L TAIF)E monensin® 4
mw o brefeldin AZ AHEERE ASOlE olsh

AR TH(3, 14, 15).
B ER retention motif of TCR g chain

TCR/CD3 E-&A7F M ERH expres-
sion¥] o] A 715 S Uetd 7] Hst
o ¥23% TCR % chamaJ—} CD3 +4
AR5 HHE H¥(proper folding) &
ZR4HL 423 23 AL vHor TCR
7} chain® CD3 P48 EE°] AlEY o=
3 AV|HCE REH UE AVHCE EF
H 3 B E(sorting and trafficking) 571 4
;M e 2 T4 peptidesEo] EA3HE mo-
lecular information®] T 8% 9&E o}
Klausner 59 @7A4E2 TCR ¢ % B su-
bunit® transmembrane region®l & ER re-
tention® degradation®] #dtd= HEE

¢ A9 signalel £A3tH 53] transmemb-
-NH, Ol +NH,CI - rane region® EA3= FHE opv|=AHE
Chasa(hrs): 0 1 2 4 8 0 1 2 4 3 o] TCRQQ}Bchaini’J ER retention deg-

Geoon~ Phawea . - p radation & ©]E chainE°] CD3 744 &
I BHEAE ol W F2F 9¥S dvn
Fig. 4. Intracellular fates of TCR ¢, B AoratgdtH16—19). ol & AT AEL Tac

chains. (A) ER degradation of antigen(interleukin receptor 4 chain)$)
TCR g chain(dg ¢ , deglycosylated transmembrane §-#1& TCR ( chain9] tra-
form). (B) ER degradation of nsmembrane FHE A FHA|Z chimeric
TCR B chain. (C) ER degradation form® ¢cDNAE Cos cell®l] transfection?]
of TCR g chain treated with or Ze W experssion®+ chimeric mole-
without NH.Cl. Immunoprecipita- cule®] 2F AN FA =1 B3 =0 (16),
tes of encoding TCR ¢, g transfe- CD3 #A4A4®Y 34 g subuntst 2%
cted and pulse-labeled cell lysates TS HAFH e (18), Yoz sAdd o}
(C) and culture medium (M) are eits A oprxeitoz XEA)
presented (numbers at the top in- cDNAZ TCR ¢ chain®] Z4 € cell line?
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REX, Clone 20A% 9l transfectionAl 1S o
TCR/CD3 &&A7} AHA Zgs #&F
319 H(19). E @l X TCR o chain®
A2EFNA 9 retention signalS EotE7]
%8t} TCR ( chain®] transmembrane re-
gionZ cytoplasmic tail$ truncation A%l
soluble from TCR g chain mutant(Fig. 5
A)E A|Z3td Hela cellol transfection Al
Zl 23 expression € T Fo] AXH
BA =2 Endo Holl 93t #3jdo=
Ko} o] soluble TCR ¢ chain mutant< go-
IgiZ F5HA ¢ AXA N Ao Q)
=& 93tk (Fig. 5 B).

A

B
r STCH(} ]
Chase(trs): _0 2 4 8
Endo H: Ty T Iz +H_ +1
43 - ¥ e pee S
- - e .
32—
kD

Fig. 5. Intracellular fates of TCR ¢ chain,
truncated TCR ¢ chain, and CDA4..
a CD4.y (A) Diagrammatic illust-
ration of TCR  (light), CD4
(dark), and chimeric molecules
composed of parts of TCR ¢ and
CD4. The TM region of TCR ¢
is presented with the one-letter
amino acid code. L, leader seque-
nce. CHO, carbohydrate residue.
V, D, J, and C, TCR ¢ gene seg-
ments(20) 5 plus (+) signs indi-
cates positively charged residues.
(B) Immunoprecipitation of cell
lysates shows that a TCR ¢ wi-
thout its TM and CYT region is
not degraded rapidly. TCR ¢
found in immunoprecipitate was
all Endo H sensitive.

o]2{3F A7 += TCR ¢ chain® ER reten-
tion®] transmembrane region®l| &3k
FHY Fo= 3 E opn it KOs ext-
racellular domain®| &}dte] Joj s & 4

ATt

Translocation of TCR ¢ chain into ER lu-
men

YHHAH S 2 transmembrane protein<
transmembrane ¥ 2070 WYY F=
2R ofu| it o 2 o] FojR] floB R o
S @A E transmembrane 917} me-
mbrane?} lipid bilayers & 3stA X3t
membrane®| anchor¥ o] 3tk g o=
9= lipid bilayerdl Al g-helixE ©]F 1L
A=l o] H g 4-helixE FA3H7] Al =
ol 1170 ol e AFA ojuxitse]
AEA oz EAsor sk 1ejy 20709
ofu|=ite 2 o] 07 TCR ¢ chaind tra-
nsmembrane region< 5°|8HA T4 o}
ikt Fo 2 A" opwwmAit(Arg, Lys.



Asn, Thrg)E0°] & 574¢] opu| it 72
A8k AtH(Fig. 5 A). T3 2719 go=
st E ofu it o -helix o A A= wid]
WEF(F 140°) 2.2 $A8t o lipid
bilayerol Al g-helix FEHE KA H3t
A FA o =AES AFA ofr =4l
alanine®. 2 X|33}Q & WET o 172
Kcal®] ©f B2 energy’t &880 182
2 o]y 5A & 2= TCR ¢ chain¥ tran-
smembrane F-97} lipid bilayerl 4] 4-he-
lixs A EAT F J=A AgEA
B} o] gEFHE RASH] HEtd &
A7tA TCR o chain® transmembrane -
912 ¢& 3 TCR ¢ chain transmembrane
H-$1E CD4 protein® transmembrane %
919} 2184171 chimeic cDNA(CD4.. g CD
4.0 TCR ¢ chain® transmembrane %
ol Al N-terminal® <] extracellular do-
main®] X s= 3749 °]'U]—‘T‘—’1‘l’(Asn—
Leu—Ser)2 713t CD4e gomzs CD4ee R 9
7R €] o}n =AHThr—asp—Leu—Asn—Phe
—Gln—Asn—Leu—Ser) & ¢ #7}3 CD4
o qumze CD4ey chimeric molcules A %3}
Hela celldl transfection?|Z]l ¥ A A exp-
ression® = chimeric molecule®] A% %
oz RHlEEXAs 7Y AE oz Fi
o™ Endo Hel 9J3le E3l=EA]¢9] o
BE ZAIAY. ©] chmeric molecule
ZA717F B9 cellol A culture media®
Eojgor FHE chimeric moleculed]
oF Hwro Endo Hel 93ty £ A &
%} (Fig. 6 A, B, O).
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Fig. 6 Secretion of CD4. gm CD4.y chi-
meric molecules.
(A) Immunoprecipitation of the
CDA.. gim20 CD4.y from cell lysate
(C) or from the medium(M).
Endo H-resistant(R) and Endo H-
sensitive(S) forms of the secreted
CDA4.. gm20 CD4.y: are marked. (B)
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Immunoprecipitation of the CD4..
amzs CD4.,. from cell lysate (C) or
from the medium(M). (C) Immu-
noprecipitation of the CD4., gz
CDA4...from cell lysate (C) or from
the medium(M)

o] Z}3F 4P ZH expressiond chimeric
moleculeE°l AX A2} membrane® an-
chor¥lo] 1= Zo] olYE membranes
TSt AXA Y BN dA FAHHD
golgiolAl B2 ¥ #4348 & MEYte =z
THES 9u)dth =3 AF714] gz
TCR o chain® transmembrane region®l
EMete FAS GO 2 FHE ofu s
©] TCR ¢ chain®} ER retention =¥ degra-
dation signalZ24] F83 A9¥S A
TCR ¢ chain® transmembrane regions

23sl= CD4.. g CD4., chimeric mole-
culeES MX vltog Eu|Ex 931 AF

Aol BAHAY XA AN F25] E3f =

ojof gt} 13y} TCR o chaing transme-
mbrane regions X33 chimeric mole-
culeEo] d&glo] ME vlo g Eujgoz
Hol ol ¥ st d ofr=4tE 0] TCR
o chain® ER retention 2 degradation
signal24 J3&& 34 8 & F Uk
olg1gt ATZFIE EUE 39 HAZ in-
tact TCR ¢ chain® CD4., g;» CD4., chime-
ric moleculeE°] ¥AE 23 2 XA 2 me-
mbranes T3t AXEA 9 AT EA
StEAE g 22 271 A S 53l
ZASFA T =, TCR o chaing HeLa celloll
transfection¥t % cell lysis¥ Thg A F A
T8-S At o] £80) Triton X 114

£ A=A S @ EE2 TCR 4 chain®l
aqueous plase?*] FEHE o=z Bo}
(Fig. 7 A)

TCR o chain& 2 %A o] B7bo] ZA5H&
¥ & Uk Triton X 1145 @ d golo)
#12] 8 membrane proteinE < detergent

=

.

A

Fig. 7. Translocation of TCR  chain and
CDA4.. gmes CD4,,: chimeric mole-
cules. (A) Triton X 114 phase se-
paration of TCR ¢ chain. (B) Na,
CO:; (pH 11.3) extraction of CD4
and CD4ex QLtm29 CD4oyt

phasedl Al soluble proteinE2 aqueous

phaselX HEH=®W TCR o chaind
aqueous phasedl 4] & 5™ chase 2 A7t
F-oll= detergent phasel} aqueous phase
o| A o} mle] TCR ¢ chain®l &2E
©H °]ZA& TCR o chain®l AX A o]A
w43 ¥l E S vt =& CD4.. geno
CD4.,,: chimeric molecule® ER fraction<
sodium carbonate(pH 11.3) 2.2 A &3} %
< W chase time®] 733 @etA o] chi-
meric molecule®] membrane fraction® %
8 sodium carbonate(pH 11.3) &<
FEHe ol F7hle wHd AFHA

transmembrane protein® & %&#3% CD4
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protein chase timeoll #4¢1°] memb-
rane fraction®] EA& 2 Z(Fig. 7 B) 2o}
©]& chimeric molecule®] 2] £ ER mem-
braneS &3} ER lumenolA £ 1
golgi¥ AAA AZ yto=z Fujgde & 5
At ol HT ATFZAEL AF7HA EHFA
TCR ¢ chain®] transmembrane %7} &
AetA] ¢kow TCR B chain # CD3 4
AEEH EFAE IdA33A HEie AF
283 F Ayt misfold® TCR ¢ chain®] &%
A 9] membrane®]| anchor¥o] A& o]
ollz} ER lumen®Z translocation® o]
AXA Y BN A F43] BeES v

=2
ER degradation of TCR ¢ chain

TCR g, chain®] AX Ao A e] E&7]2&
ol 31z} ol o} 22 YL FY3P ).
&, M X 8to 2 ¥¥] 5 < chimeric molecule
(CD4., g CD4.,) 2} 387H2] ojnjiito g
0] F01Zl chimeric molecule®] cytoplasmic
domain®] Z°]E intact TCR ¢ chain® cy-
toplasmic tail®] Zo|&} FALSHA 7712 o}
ujieto 2 FolAY w2 60719 o}v
=402 AAE chimeric mutants(CD4.
aim CD4oyr, CD4ey g CD4oe) B A 23}
Hela cell®l transfection A1Z1 Z3} o|&
chimeric molecule®] A% %02 FH|% A
U AFA ) AALA L AFAANA F
A3 EES FH}IH(Fig. 8 A, B).
T3 CD4.. g g chimeric molecule®] 73
& 2ZANA 543 EH A (Fig. 8
o).
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Fig. 8. ER degradation of chimeric pro-
teins with short and frame-shift
mutants. Rapid ER degradation
and Endo H sensitivity of the (A)
CD4ex Qm20 CDoyﬂ, (B) CD4ex Qtm23
CDoyns (C) CD4ex QUm20 CDoyt (Llp-
per) , CD4., gimzs oy (lower). Mo-
lecular size markers are indicated
as kilodaltons.
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ER retention and degradation of TCR B
chain

TCR p chain®] ¢cDNAZE Hela cell9] tra-
nsfectionA| 71" expression®+= TCR
chain molecule®] A&XA Al Ao} F2
gk Fal7h dojdti(Fig. 2). 1822 TCR
B chaintie] ER retention® #&E -9
(extracellular domain, transmembrane re-
gion E cytoplasmic tai) & &o}r.i1zl
053 22 A4ES FPdch 94 TCR
B chain cDNA®] transmembrane region®}
cytoplasmic tail truncation?]Z! soluble
form2} TCR g chain mutant® #}Z3}e
HeLa®l transfection*Z] A3} ¢]5-& solu-
ble TCR ¢ chain(Fig. 5) 3+ €8 XA
Nx F243 EHJAH(Fig. 9).
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Fig. 9. Intracellular fates of soluble TCR
B chain mutant.

T3 TCR B chain® transmembrane re-
gion < cytoplasmic tail®] § H91E CD4
cDNA Aol F9¢ XA chimeric
cDNA(.. CD4:, CD4.,., CD4., B Bo) S A
23} Hela cell®l transfection A1 7! & ex-
pression® & chimeric moleculeE% o ¢
glol 2FEA A FA =10 £3)5AH Fig.
10).
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Fig. 10. ER degradation of g..CD4,. CD4
owand CD4., Bim Bew chimeric mo-
lecules.
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Conclusion

AEN 7 223 A7) Y &
EA A dojubs G A S0 FA) 9} 23
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UA] ek 21¥ B2 B = JdF3% CD
4 mutant proteins 2] retention signals&<
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degradation rate®
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