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Involved in Vesicular Transport and Autophagy by
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Structural Studies of the Protein-Protein Interactions Involved in Vesicular
Transport and Autophagy by Synchrotron X-ray Crystallography.

Yusuke Yamada

The Department of Materials Structure Science, The Graduate University of Advanced Studies

Introduction

Eukaryotic cells have evolved an elaborate
membrane system that allows them uptake of
macromolecules from cell exterior, secretion of
biosynthetic molecules and metabolism of their
component. Membrane traffic is responsible for
between the

membrane-enclosed compartments such as the

transport = of  biomolecules
endoplasmic reticulum, the Golgi apparatus,
endosomes, lysosomes and auto-phagosomes.
The membrane traffic is organized and regulated
by a number of proteins. To understand the
mechanism of membrane traffic, it is necessary to
know how proteins interact with each other. X-ray
crystallography is one of the most powerful
techniques to study protein-protein interactions
because it provides us with atomic pictures of
complexes. Using this method as well other
biochemical analyses, my thesis project focuses
on structural studies of such interactions in two
cases: (1) y1-ear domain and accessory proteins,
and (2) Beclin and hVps34/p150 complex.
Furthermore, in anticipation of single particle
structural analysis using next generation
synchrotron sources, | carried out a computer
simulation to examine how residual water
molecules affect the diffraction intensities from
biological molecules.

and

Interaction between <y1-ear domain

accessory proteins

v1-Adaptin is one of the subunits of a
heterotetrameric complex AP-1, which is involved
in vesicular trafficking between the trans-Golgi
network (TGN) and endosomes. Its C-terminal ear
domain (y1-ear) modulates the function of the
clathrin-coated vesicles through interactions with
accessory proteins such as y-synergin, rabaptin-5
and EpsinR. y1-ear also interacts with GGA1,
another adaptor protein involved in the vesicular
trafficking between TGN and endosomes. To
interactions, |

characterize these regulatory

carried out biochemical and crystallographic
analyses of y1-ear/peptide complexes.

Surface plasmon resonance (SPR) showed that
peptides from the accessory proteins and GGA1
have affinities on the order of 10° — 10 M.
Crystal structures of y1-ear in complex with
peptides show that the conserved basic residues
create two hydrophobic cavities, which recognize
two aromatic residues in amino acid sequences
FGEF and WNSF derived from y-synergin and
GGA1,

extended conformation in the complex and three

respectively. Each peptide has an

residues C-terminal to the second phenylalanine
bind a hydrophobic patch to stabilize the
protein-peptide interaction (Fig.1). Based on the
further  SPR
measurements of mutated peptides, | conclude
that [F/W]xx® is the determinant for the y1-ear

complex  structures  and
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binding sequence and, in addition, non-conserved
adjacent residues raise the affinity.

GGA1

"%
Ser
@

Fig.1 Conformations of two peptides and molecular
surface of y1-ear in the complex

Semi transparent molecular surfaces are colored red,
purple and green for acidic, basic and hydrophobic side
chains, respectively, and are superimposed with the final
models of the complex.

Interaction between Beclin1 and hVps34/ p150
complex
Autophagy is an intracellular degradation
system for the majority of proteins and some
organelles. The genetic analysis
identified (atg1-16)

autophagy and most of them are conserved in

in yeast
16 genes required for
mammals. Beclin1 is a human homologue of the
yeast Atg6ép and interacts with hVps34/p150
complex, which produces a phosphatidyl- inositol
3-phosphate required in the initial step of
autophagy. Beclin1 can also interact with Bcl-2,
Thus

crystallographic studies of Beclin1 are expected

an important regulator of apoptosis.
to shed light not only on the mechanism of
autophagyy but also on the relationship between
autophagy and apoptosis. ‘

The first attempt was to express, purify and
crystallize the full length of Beclin1 (residue
1-450). However, a heterogeneous aggregation in
solution hampered the crystallization trials. To
obtain samples suitable for crystallization, | made

five -deletion mutants according to secondary

structure prediction based on its amino -acid

sequence, and. evaluated expression and
purification of each mutant. As results, BecD5
(residue 269-450) and BecA7 (residues 142-450)
could be purified to crystallization quality.
Although the solubility of BecA5 was low (~0.4
mg/ml) for crystallization trials, the solubility was
increased up to 5 mg/ml when two cystines
(residues 353 and 391) were mutated to serines.
The initial screening of crystallization conditions
and the

condition

gave crystals, refinements of the

crystallization were carried out.
However, the crystals were still too small, and did
not give any diffraction spots (Fig.2).

Although crystals of Beclin1 could not be
obtained, some interesting data about Beclint
molecule were obtained such as oligomerization
mediated by the coiled-coil region and importance

of Cys375 in the folding of the Beclin1 C-terminus

domain.

Fig.2 Crystals of BecAS . o
The bar in the picture represents a length of 0.1 mm.

Effect of water molecules upon the diffraction
intensities from biological macromolecules
One of the most important challenges' in
structural biology is to perform structural analysis
~ without

of  biological ©  macromolecules

—333—



crystallization, because many of biologically
important targets, such as membrane proteins,
supramolecular

multi-domain  proteins  and

assemblies, are difficult or impossible to
crystallize. Short, intense and coherent X-ray
pulses from the forthcoming X-ray sources such
as X-FEL and ERL has a possibility to record
diffraction data from non-crystalline samples.
While the oversampling method is expected to
provide solution for the problem of direct phase
retrieval, hundreds of thousands of diffraction
patterns need to be assembled from identical
copies of macromolecule in order to obtain a three
dimensional structure at atomic resolution.
Radiation damage will be a severe problem since
even one intense X-ray pulse of X-FEL will
destroy a single macromolecule. Hence,
reproducibility of single particles will be of crucial
affect the

reproducibility of samples causing heterogeneity,

importance. Many factors can
and a water molecule is one of them. Therefore,
computer simulation was carried out to evaluate
the change of diffraction intensities by adding
water molecules to a model of a protein molecule.

The change of diffraction intensities was
examined by R-factor, which is extensively used

in crystallography. Here R-factor is defined as

th1|[ pw(hkl )1 » (hk/)‘
thz 1,,(h ki)

where /,, and /, represent diffraction intensities of

R(I) =

the model containing a protein and water
molecules and those of the model containing only
the protein molecule, respectively. A cerfain
number of water molecules were selected
randomly from a solvent model, added to a
protein model, and the diffraction intensities were

calculated. The crystal structure of y1-ear/

y-synergin peptide complex was used as the
model of protein and solvent. Averaging of
diffraction images were also carried out. Fig. 3
shows R-factors of un-averaged and averaged
diffraction images as a function of number of
water molecules added to the model. If we use
0.166 as the threshold of R-factor based on the
experiment in Miao et al. PNAS (2001), R-factor
exceeds this at 2 % of water molecules in the
case of non-averaging. On the other hand,
averaging of diffraction images decreases the
R-factor significantly and the acceptable level of
water molecules increases to 7 % using the same
R-factor threshold, 0.166. From these results, it is
concluded that (1) averaging can decrease the
difference between diffraction images with and
without water molecules, and (2) the
heterogeneity corresponding to 7 % of electrons
of a macromolecule can be acceptable for
structure determination from diffraction images of

single molecules.
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Electrons of water molecules in a model (%)
Fig. 3 R-factors versus the number of water molecules.
Dark blue and yellow lines represent the R-factors of
un-averaged and averaged diffraction images,
respectively. Number of water molecules is represented
by the ratio of the number of electrons to a protein
molecule. Miao et al. have carried out reconstructions
successfully using oversampling method with diffraction
images to which Poisson noise was added at the level of
R-factor of 0.166.

Summary
In this thesis, the transient interaction between

y1-ear and accessory proteins were observed and
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characterized owing to the successful
crystallization of peptide tagged protein. On the
other hand, the interaction between Beclin1 and
hVps34/p150 complex could not be elucidated by
crystallography because of the

purification and

failure in
crystallization of Beclin1.
Possibilities of a successful structural analysis of
Baclin1 were suggested from the experience in

this thesis. However, in order to understand more

generally protein-protein interaction occurring in
living cells, more structural analyses are needed
and it is necessary to develop a method which
can be applicable to more varieties of samples.
Single molecule imaging is the case with this. A
further investigation  will
consolidate this method and open the way to a

simulation and

new future of structural biology.
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BXDOBEEROEE

CEEMBENCRERECI > THENZHE/NGSERFEL, ThboORTYWE
DL Y BV (%) B3Thbhs Z L T, MlOoFEEREMEDREREIL TS,
COEBREORENREREBRBFIDRAON-TEY . Z OHIK A% L BAE
5Lk, MBAERZEOLZLT. BEXOBA»LLHERICEETHDL, AR T
. IR O T ICAET S F TV AIAVEICER L. I THER% Y
52752 ANEOEREIEIC DS AP-1 BARET 78V —F I H
EOMOMEERBS L OBRIEMICES 7 5 Beclinl & Vps34/pl50 & DEDIEA
ERICOWT, MaaEmir 2 AW TR :21To 72, £, THHODEREZBEL T
ML Ro e iERILOBMBEEBRT N, BaELEL LRWELS T OMERITE
IZOWT, artPa—FyIalb—al a7, BEELE,
(Dylear KAAL TGV —F U RIEOMENER

vl-ear RAA VX7 TR Y UHB/IROFERKEGHIET 5 AP-1 BEEO—HTH
D, 7RV UHB/IRIZT 78S ) —F o R_X7FEFENDS, W DD Z R
JEBERYALBEXEF-TVWD, £Z T, ylearlZEO L5778V —F
RIBEBBLTONDONERRDTZDICEN LEEEOEERFNT 21T > T,

IHET, ylear DFEATF —7 & LTID/E] FXXF &\ 5 EFIMBRE ST
723, yl-ear & GGAL & O THEAFHNRFEEEREZITV.. GGAL D b > VHFHIEIZ
HDWNSF EWIHZNETICRED oI EFETAHZEERALNT L,
EBIZ, 2O WNSF X7F K, KO [D/E] FXXF £F—7IZH Y35 FGEF <7
F RZ& NRBICHMT S Z & Tyl-ear & OB A FHE &SR D5 1REE % REBRIC
WRTHENW) FEEZEEL ylrear P LV — W R[FIWxxOEFEHEEF—7 & L
THRBLTWBE WS RmMAZ RWIZ LT,
(2) Beclinl & hVps34/p150 O E1EM

Beclinl X hVps34/p150 BAKEHEMEA LT, BRIEAE -7 7 V)2
ITTDDICHNERE VR IBETHD, ZOFFEBEZHALNCTHIHE EEL LT,
Beclinl HEAEOR SEEMETICHEITZZ X7 E0oRE, B, FRbLE1To7,
FORR, WL Z v RIET, VATA VR VICBBRTAERZEATLZ
LT, WANREL L, MO THERESDZ LRI L,
(3) MO THEMITOBILE VX7 ESTRECFET DK FOHFAEICETD
Zog =

D@D ERFEL T R EAEEMTORERR MRy 7 ERoTWE I
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B, WHTRENT, BE, 20X CHBEPREREAEOBEMHITOELA.
RMROBIH AR EZ A ND Z L TRHRE TR L OBERITOITZ 2 EEOH S H
SFEEEFTPREINTVWAEY, ZOEBICMIT TESTFHEITOBICHEL 25
KORB—HIZoNWTara—F L Iab—vard2iTolr, KSFERMAMERE
TWRWE U RIBETVEKRGTOMMUIZZ o7 BT AT, BFRZ—
EHELZOEVWE RETHMLIZEZA, EFOHICLT 2.7%DKE THME
BThH, BITFRERENT — 2B ons WO RBREMELNTZ, SHIEHLE
TOZLTHMESELND KRG FOEITER L, 8.7 %ETHMAEEL LD Z &N
REENTE, ThbORRIT. B FREEMITEEZERIZITI ITHio T, AoTH
MMUTRETH + S ICBEEITRFAIRETH D L WO BZEN R TREEZHL ML
bDThb,

ULEDBHEPG, Z X7 BEOMBAERICEDLIEERY VI EIZONTO
B X B E AW BEET O GGA X U X7 BEOMEERICE T HEERMR
T, WHRBUNE X BERWEEERETICBIT 52K FOEERIZOWTHAR
TREEZ DR EBEEMFM RV TARERRREBDI LN TE L,
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