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lon mobility mass spectrometry (IM-MS) is a technique capable of identifying the
biomolecules based on their collision cross section (CCS). This technique allows us to separate
carbohydrate isomers with subtle conformational differences, although the determinants of CCS remain
elusive. In this project, we characterize the conformational ensembles of gas-phase N-glycans under the
electrospray ionization condition using molecular dynamics simulations with enhanced samﬁling. We show
that the separation of CCS between isomers reflects the folding features of N-glycans, which are
determined both by the chemical compositions and protonation states. The presented physicochemical basis
of CCS for N-glycans helps not only to interpret IM-MS measurements but also to predict the CCS of
complex glycans.



X
IM-MS
CCs
CCs
IM-MS
CCs
CCs
CCs
REMD Sugita and Okamoto, Chem .Phys.
Lett. 1999

L Replica-Exchange Molecular Dynamics Simulation j

Replica4 —_— —_—
MD
Replica3
eplica MD Temperature
exchange
Replica2 —_—
MD >< Temperature
Replical exchange
MD  Rejected

Conformation Ensemble Collision Cross Section

CCS

REMD

IM-MS

CCS

PA-glycan + 2H"

10
PA REMD
CCS 2
REMD 16
300K~1058K
0.8us
REMD REIN Miyashita et al. Int. J.
Quantum Chem. 2015 CCS
Jarrold MOBCAL
Mesleh et al. J. Phys. Chem. 1996
MD
CCS
CCS
CCS
CCS
) PA
2
OH
OH OH
OH CH; " oH HAC \
@ D-Mannnose A FFucose 'l ~

OH

ozéﬁ

NHAC ©!
M N- Acetylglucosamme

OH OH
O p-Galactose

al,3 i al,6 E

GOF GN(3 GOF GN GOF
PA PA
G1F(3 G1F G2 G2F

Pyndylamlnated GlcNAc

??

G1 3) G1(6

P3 or P6)



Potential energy (kcal/mol)

Potential energy (kcal/mol)

Collision Cross Section (Experiment) / A2

150 160 170 180 190 200 210 220

15

<« 5
HH PES(Qm) | £

- /Nﬁb PES (MM) ;3
e » :

o~ 2
[0

C

- o
s

<

[0}

°

o

T

Potential energy (kcal/mol)

0 120 270 360

120 270 360

X4 (deg) X, (deg)
1 op3 &1
B R -
9 G2 -
;Average GIF®) g cF
K G2
T G1(6) ?HD—O—.G1F(3) @’%_::::::::::::::::8:::;:::
i A § = GIF@3) GIF()
GO *o 2 A G1(3) Gl
i _ o0 G1(3) 8  [p=z==zsoszz--ecos-moems
| o coFaNG) S &+ GOF
“ GOF-GN(3) G0
| o
1 GOF-GN(3) _Cal
o NG LUSNO__
4 8 4

250 260 270 280 290 300 310 320
Collision Cross Section (Calculation) / A2

—— T
260 270 280 290 300 310
Collision Cross Section (Calculation) / A2

CCS
PA-glycan + 2H"
al-3
al-6
PA MD
CHARMM
3
) 10 CCS
CCS
4
al-3
al-6
CCS
8.9A2
al-3
CCS 7 A?
—18 A? 10 A2-19 A2
3)
CCS

5 CCS

G1(6)

a4

G1(3) (P3) / G1(6) (P6)

o B 2806A2 260247 286.0A2
812 Fle-ae™,
& o llUoooaa
“H234s567  G1(3)
Tl 8
8] T 261.3A2 2776A2 S -
© 0234358 250 350
G1(6) rod-like

“4)

al-3arm  a1-6 arm

CCS
compact globular
rod-like
CCS
al-3
al-6
GO Gal
G1(3) GIl(6)
al-6
al 6
CCS
REMD
IM-MS
CCS
10
IM-MS



4
Patel, D. S.; Re, S.; Wu, E. L.; Qi, Y.; Klebba,
P. E.; Widmalm, G.; Yeom, M. S.; Sugita, Y.; Im,
W. “Dynamics and Interactions of OmpF and
LPS: Influence on Pore Accessibility and Ion
Permeability.” Biophys. J. (2016) 110:930-938,
, DOI:10.1016/j.bpj.2016.01.002
Miyashita, N.; Re, S.; Sugita, Y. “Rein:
Replica-Exchange Interface for Simulating
Protein Dynamics and Function.” Int. J. Quantum
Chem. (2015) 115:325-332, , DOI:
10.1002/qua.24785
Re, S.; Nishima, W.; Tahara, T.; Sugita, Y.
“Mosaic of Water Orientation Structures at a
Neutral Zwitterionic  Lipid/Water Interface
Revealed by Molecular Dynamics Simulations.”
J. Phys. Chem. Lett. (2014) 5:4343-4348,
, DOL: 10.1021/jz502299m
Komuro, Y.; Re, S.; Kobayashi, C.; Muneyuki,
E.; Sugita, Y. “Charmm Force-Fields with
Modified Polyphosphate Parameters Allow
Stable Simulation of the ATP-Bound Structure of
Ca’*-ATPase.” J. Chem. Theory Comput. (2014)
10:4133-4142, , DOI:
10.1021/ct5004143

17

38
88
BMB2015 2015 12 4

Quantitative functional analysis of
membranes

and membrane proteins using
molecular dynamics simulation 2
HPCI
2015 10 26
Wang, P. -H.
Modeling the MAPK/ERK pathway under
crowding environment by the combined
multi-scale simulations Supercomputational

Life Science 2015 (SCLS2015) 2015 10
20

Hydration structure at ceramide/water
interface: A molecular dynamics simulation
study 53 2015

9 13

N
34 2015 7 31

2015 6 29

A
mosaic of water orientation structures at a neutral
zwitterion lipid/water interface revealed by
molecular dynamics simulations  5th  AICS
International Symposium 2014 12 8

Structure and orientation of hydrating water
molecules at phospholipid/water interface
revealed by molecular dynamics simulation
52 2014 9 13

33 2014
8 10

HI~FRERE) 83
2014 3 11

ol Molecular dynamics simulations of
glycans: Prediction of IM-MS spectra

2014 2 12

a2
REMD-based prediction of structure and
function of glycans
2 2014 1

12
@3

Conformational analysis of
PA-glycans by replica-exchange molecular
dynamics simulation. 3rd International
Conference on Molecular Simulation
(ICMS2013) 2013 11 18

o]

Prediction of Structure and Dynamics of
Glycans from Molecular Dynamics Simulations.
3rd International Conference on Molecular
Simulation (ICMS2013) 2013 11 20

@5

PA
51
2013 10 30

@6

Revised CHARMM carbohydrate force field
for improved description of conformational

diversity of N-glycans 51
2013 10 30

7




2013 9 27

Re, S. “Meeting Report: Joint Seminar between
RIKEN and Glycoinformatics Young Scientist
Community.” Trends in Glycoscience and
Glycotechnology (2014) 26:71-72.

@
RE, Suyong
50390670
&)
®

SUGITA, Yuji

80311190

YAMAGUCHI, Yoshiki

90323451



