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SNARE-dependent membrane fusion
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CELLBIOLOGY

A score for membrane fusion

Ruth N. Collins and Joshua Zimmerberg

Intracellular membrane fusion has been mimicked in vitro using a mix of
17 purified proteins and lipid bilayers. This technical tour de force allows
the study of how cells orchestrate and perform such fusion events.

Molecules in living organisms are constantly
being replaced, yet cellular structures can
maintain their identity for a lifetime'. About
half of all biological processes involve mem-
brane proteins, which must be delivered, and
eventually removed, with great accuracy to
regulate the constancy of structural identity.
This delivery and removal is mediated by the
membrane-bound organelles of eukaryotic
cells, which communicate with each other

on membranes and in the cytosol. Rab pro-
teins alternate between GDP-bound and GTP-
bound forms, a switch controlled by proteins
called guanine-nucleotide exchange factors.
Like that of other members of the Ras super-
family, the nucleotide-dependent switch of Rab
proteins is thought to control a downstream
catalytic process. Rab proteins are involved in
such processes as the regulation of organelle
transport, the tethering of membranes before

diat

Figure 1| Proteins work her to

tabilized by SNARE prot

bind to both Rabs and SNAREs.

fusion. Ohya et al.’ show that

Iwa protein systems, a Rab GTPase (Rab5) and the SNARE proteins, combine synergistically to drive
endosomal fusion. Rab5 and SNAREs are assisted by multiple accessory factors, Rab5 effectors include
rabankyrin-5, rabenosyn-5, rabaptin, rabex-5 and EEA 1. SNARE accessory factors include a-SNAP,
NSF and hVPS45. Not shown are the Rab-GDI complex (which retains Rab5 in the cytoplasm by
masking its prenyl group), as this component is thought to function at an earlier stage, and another
Rabs5 effector, PI(3)K, which is instead represented by its lipid product PI(3)P. The complexity of the
interactions observed in this supramolecular network is apparent; the recruitment of Rabs effectors

i ceessory factors. For example, the Rab5 effector
rabenosyn-5 also interacts with the SNARE accessory factor hWPSA5. Linker proteins such as PRA1
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Heavy metals are toxic to most living organisms and
cause health problems by contaminating agricultural
products. In plant, phytochelatin synthase (PCS) uses
glutathione (GSH) as its substrate to catalyze the
synthesis of heavy metal-binding peptides, known as
phytochelatins (PC). PCS has been described as a
constitutive enzyme that may be controlled by post-
translational modifications. However, the detailed
mechanism of its catalytic activity is not clear. In this
study, in vitro experiments demonstrate that PCS
activity increased following phosphorylation by
casein kinase 2 (CK2), and decreases following
treatment with alkaline phosphatase.

Heavymetalsaretoxictomostlivingorganismsandcause
healthproblemsbycontaminatingagriculturalproducts.|
nplant,phytochelatinsynthase(PCS)usesglutathione(G
SH)asitssubstratetocatalyzethesynthesisofheavymetal
bindingpeptides,knownasphytochelatins(PC).PCShas
beendescribedasaconstitutiveenzymethatmaybecontrol
ledbyposttranslationalmodifications.However,thedetai
ledmechanismofitscatalyticactivityisnotclear.Inthisstu
dy,invitroexperimentsdemonstratethatPCSactivityincr
easedfollowingphosphorylationbycaseinkinase2(CK2)
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Chymotrypsin 974

Catalytic triad: Asp 102<-His 57<-Ser 195 charge relay

(1) IR18 pH HEREMEHMATE - FHEN REH® SHE
His 57 (pKa = 6): BIRiE pH > 6, imidazole 2% H* (charged)
lle 16 (new N-terminal): BI&18 pH > 9, NH,* L& HY (& E
Ser 195: DIFP mJEd Ser-OH g — L& E

(2) fE el = AR MESER
V Acylation: 4JJg87% N-peptide (B S EEEZE= L (Ser 195)
V¥V Deacylation: sk #E#%¥EH N-peptide (slow step)
Nitrophenyl acetate ({FFRIERIEEFELI)

(3) F=E @B ARRE
-C-O mJE Gly 193 E& Ser 195 Y -N-H EESFEMIZEL
(4) B—*HfEEE ¢ AM%=REE non-polar pocket #EAE
%?EE%&E‘%%&% ? E'ﬁkyﬂgﬁﬁﬂ —f.!iﬁﬂglfﬁﬂiﬁﬁ Juang RH (2007) BCbasics 9




Juang RH (2009) 10



A IR FH JEAE 5 S N

(1) SLHEEDE Al nf B 5E A B SRl -
(2) HM ThEdl. e EPEDB ZME K
(3) MDH Talitiadha nSGH2SRIBIR o
(4) FHRIBIR o N Bk 9 158 PR -
(5) BEYIITFE Wl ki Alt ] RaEiEE o

ngwﬂ/

T RISEEEME icon i RigE T A7




L-Form Amino Acid
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gt
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H = Glycine
CH, = Alanine
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Cori & Cori (1947) Specific probe for every single protein? T
0 | Signal Transduction | ——— Dé
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yrosine-kinase-linked receptor

T i Ea ¥ Three possible approaches:

Insulin l [(]) Monoclonal anlibodyl

SO ges I

(2) Phage display (phage antibody)
(3) DNA or RNA aptamer

Glycogen

Silver staining
| e

synthase
J:Ell “b.—" ﬁ “,
= u ‘\ = HH A E ﬁ]"iﬁl*ﬂ Challenges for hybridoma technique:
"/(:5.' . = (1) Redundant and time-consuming
' Al - en =
{&,Eﬂ *E H%ig *E% """""" phosi?}ogr]dase i % (2) Poor immunogenic proteins
A Glu cagon . = (3) Some proteins are less abundant
1 1
! GTP-protein-linked receptor ¥ | -
Starch phosphorylase (mAb detection)
Juang R (2004) BChasics Pure Ag — Single mAb H Proteome — Ab bank
MHE AmeA B S AN TR - P P B A R ML AT R - AR E . . . .
BT BE AT B 4 I (glycozen synthase, GS) 1oL e e i P L1 2l 7 1 O % R When comparing the 2-DE patterns, it was evidently that a specific
(glycogen phosphorylase, GP) » b = %52 57 B2 20 (i BT 420 5 52 (insulin) B JHSRESR (glucagon) probe could simplify the complex pattern into neat and clear
BTG A B = R e S aPLJ..JL-uu:ﬂ" P -

contrast for a better comparison. In order to obtain specific probes,
generally, there are three possible approaches: [1~3].

1 R BR T S T 205 B Bk - sieE b ke AH‘II? 2 WRHEESCREDHE
S AR - SIFERERE I  ETTETT IR o 15 (5 R A0 (S TR AR R
Efﬁ \;:.}.P B4 ’;ﬂl’; dﬁiﬂ:ﬁ'; 1?'13?][ . ?;?;QL . t’ll:lll JEUEL e ;Jﬁ%’”; élj‘; 1[14 Hﬁ;:‘;rﬁ' We preferred the hybridoma technique which takes the advantage
i BT of the natural immune response to generate huge diversity of the
R B L b S MR EEE » B TRt S - PR R AR e b antibodies. However, technical challenges do exist to this 30-year

HRFAEERARED - LU R S TS R - old method. as following‘ [1W3]
5 : !

Nonetheless, we decided to test the idea of transforming the
conventional “pure Ag to produce single mAb” into “immunize the
whole proteome to obtain the Ab bank.” At least, to run a pilot test

to prove this idea.
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