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- Ho 24 ERANENESRAEE (nik%iF, sorting

receptor) .

G o

Dr Van 2008



.

) N
N B

=

il

—a
-—
i |
)‘

0

« OfES % (signal sequence) : 5| S &EH G E A
FER R ML, W 15-60 N RIEMR TR IE, XA
515 BB H A R TR

« @QfE5H (signal patch) : FHETEHITSHIEFE
R, M EUE 5 PRI 5 P8 T8 A DUAAERE, 9T
S E— RS I B R KIS 5
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signal sequence and signal patch

UNFOLDED PROTEIN FOLDED PROTEIN
NHy
— signal
COOH
H, N e e VOV ,// sequence

(A

HENWCGDH

(B) regions contributing to signal patch

R



— L H AR IR (ES

e Ecladdl

HINAHMAZ | -Pro-Pro-Lys-Lys-Lys-Arg-Lys-Val-

i A% | -Leu-Ala-Leu-Lys-Leu-Ala-Gly-Leu-Asp-lle-

"HsN-Met-Leu-Ser-Leu-Arg-GIn-Ser-lle-Arg-Phe-Phe-Lys-Pro-Ala-Thr-Arg

i N 2 b
WAL -Thr-Leu-Cys-Ser-Ser-Arg-Tyr-Leu-Leu’

"HsN-Met-Val-Ala-Met-Ala-Met-Ala-Ser-Leu-GIn-Ser-Ser-Met-Ser-Ser-Leu-
TN IR N Ser-Leu-Ser-Ser-Asn-Ser-Phe-Leu-Gly-GIn-Pro-Leu-Ser-Pro-lle-Thr-Leu-
Ser-Pro-Phe-Leu-GIn-Gly-

LTINS U= i d )
-Ser-Lys-Leu-COO
G Y
"H;N-Met-Met-Ser-Phe-Val-Ser-Leu-Leu-Leu-Val-Gly-lle-Leu-Phe-Trp-Ala-
TN 3 y P

Thr-Glu-Ala-Glu-Gln-Leu-Thr-Lys-Cys-Glu-Val-Phe-GIn-

RE T | -Lys-Asp-Glu-Leu-COO"
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T EHB ksl S
1. [1#=ia% (gated transport) : WIELZFLE
AR IE .
2. BEiz% (transmembrane transport) : 5[
Joa i I s W T 2R\ H B s
3. fR¥Liz#r (vesicular transport) : & HJGiAEN
Jo PP B3GR 2K A A A 3 R A AR /N, e B
12 i 21 $E 4 H 25 {:ai @
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5B R N IR s

o IR AR Ge ) B9 o A Il v ds it 4T

2 WUE K/ N EAE BRI RF 2 DX L 5 1) 7 3G AR

REEA 7R B A A R AL

(coat) o AXHAE IS Han N it 55 40 4 i 4% 10 it it =

Z HEAA "
‘ |



o AXA/INEAE A I P T RO B 22 32 B

- HiREEMA R SR EAA32E, ERXRELAE
JHAES T, AR ERIE IS 2R € HY X 3

— N 1EE (dynein) , EWIFUE 7 b

— IXBEhEE I (kinesin) , & {0 1E Ui 5

— IERE A (myosin) , &ML IERL .
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1. JE/EH (clathrin)

2. COPI
3. COPII
* EZ;J’E ]

1. EFEVERRRE A REAE —E, BEisi/Ne;

2. nfEIEE B — R 1 Fan 2N L) A S AL -
Cre
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iy

RPCRE | GTPHEg | AN SRR E &7 7]

clathrin | ARF Clathrin®= 5 558, AP2 J5i i — P A

Clathrin EL4% 5 %2 5%, AP1 e AR AR — AR

Clathrin 85 5% %%, AP3 B R IR S VSRR,

f
COP | ARF COPaBRydel i R FE AR — PN i A

COPIl |Sar1 |Sec23/Sec245 &1, Sec | NG N—E/RIEAE
13/31 2 &1k, Sec 16




(—) B EBEARPNE

s BHid R FURS WK BURERSNR; mRE

PR>VEBER . TRV .

o NKHYZEN). 3EFE. 3%HE, JEUtriskelion. clathrin

RIS R, FERSIA M FLIIJE 1o

\

» BIEREH: ERKPEZIMA.

G
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Clathrin coated vesicles

Fram The Art of MBoC? € 1995 Garland Publishing, Inc.
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Selective transport by clathrin coated vesicles

@ Qﬁ)%

coated

vagicla ’

clalhrln

cargo adaptln

oo E
_5_6_6_6_"\/.

cargo molecules

o adaptln naked transport

vesicle

- dynamin CYTOSOL

COAT ASSEMBLY BUD VESICLE
AND CARGO SELECTION FORMATION FORMATION

UNCOATING



o RPN, PV Hdynamin RE K —
B [ e AE ZF BIARHE, A5 A 3 B s ) m] g b iy il
(/MF1.5nm) , FHEFS, pinch of K/

blocked by
s0Mme
dynamin
mutations

(A dynamin
and associated

proteins



() COP IR # /N

e Difg: Mk, Hiz A ML iR & B (escaped

proteins) IR [Bl N BT s 0] /) T 5 IR AR AN [F] [X

A

\:‘@-iﬁﬁo

=i

o ZHRk: 7R 5 ZH K

R LYSASP-Glu Loy
S
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Cop | and |l Vesicles

microtubule

COPII coat motor

protein
“0~0_
- —
» 0-3' 3

cis Golgi
network

vesicular
tubular COPI

O cluster
— @ — s e

(B) retrieval transport




Lys-Asp-Glu-Leu (KDEL)

soluble ER
resident protein

\lKDEL

empty
KDEL
receptor

COPI

coat



(=) COPIIA&RH#E /N

13 W i Y Bl R R EAR IV s . T AT A R
MO, AL TERZHEAR

2 HES

i
il

i

CHEAV R Sar1GTP. Sec23/Sec24. Sec13/Sec31.

TEHE5CoP N4 4E,

/DB i E AT

R HIEN 2K 5 COP 14 &

igfE T MTERER

& XUER 14 2% iy [DE] X[ DE]

A o T

, UAsp-X-Glu.

, B, W

{ o >
“-‘._r;ﬁ'#' . k
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COPII Coated vesicle

inactive, soluble
Sar1-GDP

GDP

active, membrane-
bound Sar1-GTP

fatty acid tail

donor
membrane

(ER)

guanine-nucleotide-exchange
factor (GEF)

(A)

COPIl-coated vesicle

1 COPII
subunits

selected donor
(B) membrane membrane
proteins
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o KU HAEGTPREY: NGEH, 1EMIRSH] 5| A gL
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e ARF: Z5clathrinf1COP IR 4 [ T K

e SAR1: Z5COP I I B
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ER_E T A% COPIIZNYI R, SAR1AZE #:GDP/GTP I B I

B 1Y SARL % 25 H g 7 PR B )

REA A B 5 FI AL AN ZH 3
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Coat assembly

Seci3p-Secdip

Sarip-GDP

£

Sec24p Sec23p

i & = Fy
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(—) SNAREs
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SNARES

v-SNARE
(synaptobrevin)

t-SNARE
(syntaxin)

synaptic

vesicle

CYTOSOL

nerve cell plasma membrane

t-SNARE
(Snap25)



SNAREs in vesicle transport

COMPARTMENT A

cargoa , sNAREs DOCKING FUSION

cargu b
t SNAHE% ﬁ

COMPARTMENT B
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HIV fusion protein

HIV T

0 membrane

HIV fusion

- protain
Gp 120
) .
CD4 - : gl  EXTRACELLULAR
g SPACE
. . CYTOSOL
chemokine
receptor
CD4 ATTACHMENT CHEMOKIME RECEPTOR MEMBRAMNE FUSION

BINDING INSERTION



e {MYtargeting GTPase, |

1o CRI30RM, AN

() Rabs

B TGEH, o+ HRME
b | B A A Y Rabs.

* Rabs{e HE Tz f MEFIFH ML

e Rabsih A1

VAL, i

1

15 SNAREsHI |

LA T, W EHN AL

A

T

G

Dr Tean 2008



Rabs in docking

donor
compartment

guanine-nucleotide-
exchange factor (GEF)

ﬂ
\ soluble

Rab-GTP

PR / GTPleind
transport Rab-GDP
vesicle  np gissociation c lipid
inhibitor (GDI) group
GTP

docking

\

hydrolysis

membrane
fusion

target
compartment



. AR FHINE

« HtE N (Bulk-phase endocytosis) : JE4FF M1
NS, TFEN G (caveolae) x& &K AEF
= N A HIHRL o

o RN SR N T (receptor mediated endocytosis) &
— MR R 4ENLH] . DL, IsBEA. KK T,
R & 22 55 AR 18 1T RMESS 1

{ o >
“-‘._r;ﬁ'#' . k
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o KH/NE (coated pits) 25 N M HIEBAL, AH
T il s (4 b AT R AR 2%) . 324
B H AR J R =R T IAL

o SRR S I Tyr-X-X-Ox2 1% 52 H iR A HIE 5, X
NEEER, ONTTBKHIG/KEER(I1Phe,

Leu. Met),

» R HEAS G )G )R s AHAIER, Z‘Wﬁ?‘ﬁﬁéﬁ(%;__%
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Clathrin coated pit
on the cytosolic
face of a cell




» R AR B E HIIRAA:

o JHE B ZAE M P G, PR A& E

(low-density lipoproteins, LDL) FEhT 3 .95 -

o LDLFRLCS 8 & A #7 KB G 7 R s Ak 7Y AE [

I
=

JA=1 N NE) @%Hgﬂjﬂﬂ

T

i

&}

B A O i R L, A —

UK HIApo-BEL F

(B .
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LDL Particle

(a) .
Apo-B protein

Phospholipid
monolayer

Unesterified
cholesterol

Cholesterol esters
(1500 molecules)



LDL endocytosis

(B)

LDL-binding site LDL  clathrin

EXTRACELLULAR
SPACE

CYTOSOL

adaptin

LDL receptor
protein
coated-pit- | |
binding site clathrin-coated pit

plasma
membrane

LDL receptor protein with
defective coated-pit-binding site



o N FE ZAH A RENS, & ALDLES
» ZEEIDLBIRLES &), AR /INE
o BENAHA /N RE R B AR, RO TR /NE,

FIF AN AR S, WARr

o TEVAREFARH, LDL#Z KA Rl 25 B IH [

LEEUNEgE

HPHAEA, sz 5LDLE
BT 5 BN AR LDLIZE N IS EFIR

B
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The receptor-mediated endocytosis of LDL

W LDL LDL receptors pla;ma membrane
CYTOSOL M
/ \ ENDOCYTOSIS / e
ted
(F;(ilia ) RECEPTO
UNCOATING recycling endosome PLASMA
MEMBRA

Y
coated
vesicle

\ 4 BUDDING

FUSION WITH @. OFF OF
ENDOSOME ____— TRANSPORT

B A" VESICLES

early endosome \

free
cholesterol

-~ hydrolytic
enzymes

lysosome



LDL Endocytosis
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AR R

R E 7732 5] J57 A 1 Joi I 45 R4 48, ANLDLAZAA s
QL NIFERAMEAL, WEGFHZAE, R
A F4THY (receptor down-regulation) ;

O s B2 AR AR K 4512k, T2 R % s S

(transcytosis) o
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Transcytosis

basolateral domain of plasma membrana

\

EXTRACELLULAR FLUID

aarly
endosome

transcytosis

recycling
andosomea
tranzport
viesicla

g

A2

/

apical domain of plasma membrana

antibody
bound to i
endocytozed / \ rewcuggigzgspﬂﬂ
Fc receptor d
W VLS
‘.‘ e e N
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The constitutive and regulated secretory
pathways

newly synthesized

soluble proteins CYTOSOL
for constitutive newly synthesized plasma
sacretion membrane lipids

EXTRACELLULAR SPACE

CONSTITUTIVE
— SECRETORY
unregulated PATHWAY
membrane

fusion

_ plasma membrane
newly synthesized plasma

membrang protein

signal such as

trans - hormone or
Golgi — - < neurotransmitter
network /
intracellular
signaling pathway .
REGULATED
L‘ T~ \ . ¢ SECRETORY
regulated ® PATHWAY

membrane

secretory vesicle .
ry fusion

storing secretory
proteins

Golgi apparatus
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o Porter35 119454 I 15 78 B/ BR 41 4E 41 fld
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#endoplasmic reticulum, ER.
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P4 60% )t H A40% I AEZE, PCEER E, SM

B, A EUR DS H E

21302 MR & H, HA30Z F i, T-ERM JiE .

HIVE-6- R R B ERPR GG, WAL SHEEE

(ribophorin) 734 fERER, PA50Wf & X /- A5 (E

SER
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Blobel&: (1975) ##HE 5, AAEBHEN
s T, IBSERAEE RN EER, 3k
19994E 17 DI /R A= F 55 52 23X

ol

22,
TR o

Gunter Blobel Blobel with members of his laboratory



B i 4% 7 21 N 5 A G B BA T T

S AL TN, 2163010 RER, SH6-
15 LA H s 1 ey AR AR R AR R, X
PMRIT IR Fr 1

S5 IRAERL (SRP) : 6 IkF114~7S RNAZ

W JERNP. 51595144, SHPramREE.
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AA Sequences of ER Signal Peptides

Protein Sequence

Amino Acid

Preproalbumin

Met-Lys-Trp-Val-Thr-Phe-Leu-Leu-Leu-Leu-

Phe-lle-Ser-Gly-Ser-Ala-Phe-Ser | Arg. . .

Pre-1gG light chain

Met-Asp-Met-Arg-Ala-Pro-Ala-Gin-lle-Phe-

Gly-Phe-Leu-Leu-Leu-Leu-Phe-Pro-Gly-

Thr-Arg-CyslAsp. ..

Prelysozyme

Met-Arg-Ser-Leu-Leu-lle-Leu-Val-Leu-Cys-

Phe-Leu—Pro-Leu-AIa-AIa-Leu-GIylLys. ..

G

_!.. | -.
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SRP2/K, ERIERMEBEEH, F 81K, A1 5

SRPKFFZE &

fEILFR 41, 5N PR HISR & 1R =, BH
IERRBEARZETHE N, RS B F

AR, H3-40Sec6l1E AN R HEIE, A

Sec61 355 K BEZH K -

ﬁ?"ﬁ
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Translocation of proteins across ER

tRMNA
, SAMAMD SR RCCCPTOR
5 DISPLACED AMD RECYCLED
EINDING OF SRP
TO SIGNAL P
PEFTIDE CALISES
| APAJSE IN " ATTACHES TO SRP
ER MEMERAME TRANSLATION
rnBNA COMTIMNUES AND
TRAMSLOCATION
: BEGING
slignal sequence SRP
on nascent
polypeptide
CY TOE0L
ER LUMEM / l.
protein plug SHF receptor proteimn

translocator inrough R membrane



2T AT 2 R

b

o {55 K5 SRPL & S IKEE BRI 2K 1 S>SRP 5 32K 45

& >SRP i B > AKEEZEN N T M >15 5 IR V) B> AR
B AR R 2K,

o XM IREEIL G RO R N B SRS B T 3, BRN

co-translation.
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Insertion of Transmembrane protein into
the ER membrane

start-transfer ~ COOH
sequence

il

stop-transfer
sequence

CYTOSOL

C e D

|I .

ER LUMEN

|
hydrophobic hydrophobic ]
stop-transfer-  start-transfer- signal
peptide- peptide-
binding site binding site

. peptidase
I I

translocator protein ‘

|
| .
mature transmembrane protein
in ER membrane
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(—) \|EEmEmEINnT

o QUFEREREAL. BRI, BREL. ZEBEITE R,
JLF AT W B Rl B A s AR A
o FEILALHITEH]:
— D8 R AES ARSI LB 11

— QT EHA L 315 516
— X EEARFEMIEM L G4 REILiii 2.

G o
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o AR BOERAEAMEER E, S 2.

o N-EREIIPEEAL: H5RAWEIGIREEININA, ERE, B
NIN- T B I

O-ERERIBEIEAL: 5HSer. ThrAlHypfIOHER:, i
FRE R FLBEBUIN- O I, 75 /R A
FiAT.
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o PN EREATN-E R RERAL . R LA iR
i, WIGDP-HZEhE. UDP-N-Z BRI FENZ .

o T E e BE R R B A B L R I I
o1 b, SEBOREERESE

o PR EFEFLEFLEG AL 2 Asn-X-SerEAsn-X-ThriJAsn_L .
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Protein glycosylation in RER

MH; MHz

rough ER

e e .

— =

F) Asn (P ER LUMEN
® /" g ®
L] e
qrowing
. polvpaptide chain
[ ]

= i

[
lipid-linked

oligosaccharide



Protein glycosylation in RER

Glucosidasel —»

Glucosidase 11

— ER a-mannosidase |

Asn=X=Ser/Thr C

. = N-acetylglucosamine

A = fucose
. = galactose
‘ = sialic acid



Protein glycosylation
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o T HMIHTSIENsp705K L HATPEE HIAE R T 521

» LR IEHAIT S B H O NTR BRI [ AR, 2990%

FRIHT 5 BT 2 i 52 A4 SIE. B2 AT Ach 52 A4 2 457 [ i
1 AR B IE L .

e COP I/} 5 HHER%y H 1Y) R 32 %
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+ RINT 18554, 18894, Golgi YL, 1EMkE
A A AT N B 2 T TR R 254, TR B SE 4 N =
IRFEAR




. ZJLD %éﬂﬁi

o Mm-TRIEHERAR MR, AR TE. W48 (R

R T REAE — i, f4lGolgi stack.

» AT TERS AR, 25 IEIEERIE .

o '"WHR— X EERFR UMM Ccis face) , [HIiEHY

— B X E R EAR N I H (trans face) o

Cg
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Structure of the Golgi Complex

A



Distribution, nucleus green, Golgi
body red



o A Z160% MR A MA0% I, BA —LHIER

PGl =gt

<k
>

» FENBFA AL SN, BR-PERE . S
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o PREEE SRS B
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—. DigeX &

cis Golgi network, CGN & A I [X 15,
medial Golgi, Z ZFEEAZE, AR I LA X
5 R BARE RIHEG BOK AL T A

trans Golgi network, TGN & H H X1, Z=5iEF

Fil R 5%, miakit.

Cg
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Golgi network

cis

[ [
aGigi
network

(CGN)

cis cisterna
medial cisterna
trans cisterna

trans
Golgi

network
(TGN) L

(A) secreiory v



o Ten RIEARANA] X A0 A AL 5 S

o OWBHEN:  cis [l 5 FE A 4 7t L £

e QTPPH: trans[ 1)K EE,

« BNADP[ifF: i 7~H0 [a] [t I FE

o (MCMPHE: trans[i I ZRARFNEIRSE M)

O
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e 1. Z 5945 W iES: RERE K Pr->ERJE - COPII
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o FURIFBEMIKIEAS 5 4 BE 5 N B H i 7028
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G

Dr Tean 2008



o« 3. BHATIRH)FALTIRE: ERG UG 1% &2 /R 22
i, MBI, sk s RS .

* A, CREERHIKAENIETEYI : A0 R & 2R Cim D) B

BICRE AH 22 R R AR B i 1 B

* 5. Z 5 ERA.

* 6. TEVIMMIEERIIE A, & AT 4E 2R A1 R -
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e Lysosome & de Duve 5 Novikoff 1955 4F & I .

Peroxisome HHRhodin 19547F 'S /NE | 7 4 g
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1. WIZRVEEE (primary lysosome)




o 2. IRZKHEFR (secondary lysosome)

« LT

EEAT B TH AR

VA TRl P R S AR T B A
e 3. K (residual body)

o VHRIGEEE/E (post-lysosome) , 2% EEEETE,
N REW IR, 4. ATHEH 400,
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YIFE HVHA B .

2. HIEHENE: ERERHEY Ry, ZEZ41m. 4
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with a mitochondrion Lysosome
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o TEEIREARE transi DL H 2 T I K

o FIVABEA S B SN-IERE IR S R A S B IR 7 i
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The recognition of a lysosomal hydrolase
in Golgi and mannose phosphorylation

lysosomal hydrolase

BINDING OF SIGNAL PATCH
N-linked TO RECOGNITION SITE
oligosaccharide
with terminal
mannose residue TRAMNSFER OF
GlcNAc —P) TO
MAMNMNOSE IN

CATALYTIC

L
T
signal
patch
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