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Abstract

AHAROENEGE., EESFORERBERBISVTEESHERATHZI KERESOFEMEL.
EREBEICHV TEELRBEERTHI2RABERERICENLSBHEBEEAD N ERAND L
Thd, FFEETOMRICSEVT, ARRRBERZ. EFROERIBEERL ZVREXRD HF
EFINERAVEDFEHAZ (MD)2Z21L -3 TRAREESZELKEYERABZVZEZH
SHICLTEL, BFERHLZIC., KEHZESORYRVWEICEVWSNHZKEFIEEBBENED
HAELEEHEHEL, EREOZABEREMICEVS B30 EANL,
HETANIAVREREBICE TNV BBMKEREK (GDH ) ZAV . MIRREKER. Ch
FTCRARZEDICHYERSEZREFMDZ 1L —2 3 ZAVEMRICK 2T, GDHREBARRICH
WTKELHENEZZTOTHY ., TOBE(FCDHOKIREIZHBEL TVWBS MBS HIC
LT&EL, LALBAS, EEOIVTAAEFEMBHERICKY), MD>IX1L—232IZH8VT
F—HENTVEZRBENRBOBREPTCRRETHBDENASHICE 22, T T, &K
BT, EBRAOFLVEREHBEETI/ THSCHARMM27 - ff99SBildnnmr- ff14SB- ff15ipq- f
f1I5FB% %, TIP3P: TIP4P: TIP3PFBENE DL DKD FHBETIEDHEAEDHEICZKY . GD
HOE£FRFMDZ1L—232&TV, ZRABEREMEZEI T/ AETHEMESRRORBRE LR
Liz. TORR. KEHZEOFAEZRICERBL ENEETFILTHBS5FBETIPIPFBA H&E X
BERZBEEIEAEDETHRIEVSHRESL,

The object of this research is to reveal effects of hydrogen-bond (HB) directionality on stabilities of
secondary structures, which are important structural elements for protein structures. In the studies
so far, we have revealed that the force fields, which approximate an atomic charge distribution as a
point charge, cannot reproduce the HB directionality observed in the X-ray crystallographic
structures. In this project, we examined whether stabilities of secondary structures are effected by
combinations of protein and water force fields which are different with each other in the manner of
the treatment of HB directionality.

We used glutamate dehydrogenase (GDH) as a test system. We have revealed that GDH
undergoes large functional motions, which have strong correlations with changes of hydration
structures, by using all-atom MD simulations with explicit water molecules. However, recent cryo-
electron microscope (cryo EM) have also revealed that some secondary structures, which were
unstable in our MD simulations, are stable in experimental solution condition. Therefore, in this
study, we conducted several all-atom MD simulations, each of which used different combinations
of protein and water force fields, and then compared the results of these MD simulations with those
of cryo EM. The used protein force fields are CHARMM27, ff99SBildnnmr, ff14SB, ff15ipq and
ff15FB. The used water force fields are TIP3P, TIP4P and TIP3PFB. The results have
demonstrated that only the combination of ff15FB and TIP3PFB succeeded in reproducing the
stability of secondary structures observed in cryo EM.
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Effects of hydrogen—bond directionality on stabilities of protein secondary structures

1. HIREBRFROBE

AAEDEMIE. EED FOREREMBICAVWCTEEZLHEERATHIKERHEDOARMELS. ERERBEICBVWTEELEE
BEXRTHD2 REERRICEDIOIBEZEEEZ AN FRARLLETHI EEEETTOMRIZEVLWT. MIERREEX. EFRADE
AN EBEEBELEWVERDAZETILERAW=DFEHAFEMD) P2 aL—a b TIRIKEREZELKRYIRZ LN EEFHALMIZL
TE EEEXEHIC. KEHEEORYIEWAIZENAHEZKETILEEAENEDHEAEHLEZHESHAL. ERE O - XE
EREEIEVNDNHEINEFRRT -,

HBETAMZRAWAEBEIZIEY WAV EERKFER (GDH) AWV =, IRAREB (X, ChETABEEDICRYKRSEEF MD
DEaL—2avERWVEEICE ST, GDH (AR PICH W T REGHBEMNBIZTEToTHY., TODEIEIX GDH O KFVIKEEIZHEREL
TWAIENBALMIZLTE z, LOLEDAL EEDISAAEFHEMBEREE(CELY . MD 22l —2avItBNTIE—EEN TN
ZREBENEBEOBRPCTIEIRETHAENALNIZHE =, LT, AHIE T, LLEHWFLWEBENHEETILTHS
CHARMM27 - ff99SBildnnmr= ff14SB+ ff15ipq-ff15FB Z% . TIP3P-TIP4P-TIP3PFB Z N DHM DK FHIBETILLDHMAEHE
IZkY.GDH MEFREF MD > 2al—2avaE{Tl, ZRIEEREUEIVSAAEFIEMBEROERELEB Lz, TOHRE. KEHE
A@ﬁﬂ&éﬁl%Fbﬁﬁ%%T»T&émWBaHMWBbﬁ%%%ﬁiéﬁﬁtéﬁﬂAbﬁt&&ﬂwﬂ%é S1=,

2. WRREEBOHE (FER)

The object of this research is to reveal effects of hydrogen—bond (HB) directionality on stabilities of secondary structures, which are
important structural elements for protein structures. In the studies so far, we have revealed that the force fields, which approximate
an atomic charge distribution as a point charge, cannot reproduce the HB directionality observed in the X-ray crystallographic
structures. In this project, we examined whether stabilities of secondary structures are effected by combinations of protein and water
force fields which are different with each other in the manner of the treatment of HB directionality.

We used glutamate dehydrogenase (GDH) as a test system. We have revealed that GDH undergoes large functional motions, which
have strong correlations with changes of hydration structures, by using all-atom MD simulations with explicit water molecules.
However, recent cryo—electron microscope (cryo EM) have also revealed that some secondary structures, which were unstable in our
MD simulations, are stable in experimental solution condition. Therefore, in this study, we conducted several all-atom MD simulations,
each of which used different combinations of protein and water force fields, and then compared the results of these MD simulations
with those of cryo EM. The used protein force fields are CHARMM27, ff99SBildnnmr, ff14SB, ff15ipg and ff15FB. The used water
force fields are TIP3P, TIP4P and TIP3PFB. The results have demonstrated that only the combination of ff15FB and TIP3PFB
succeeded in reproducing the stability of secondary structures observed in cryo EM.
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