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Abstract

Enzyme promiscuity of glycerol dehydrogenase (GDH) was studied based on bioinformatics me-
thods. Substrate specificity of glycerol dehydrogenase (EC1.1.1.6) was profiled by searching and
analyzing Brenda data base. R-1-amino-2-propanol and S-amino-2-propanol were docked with
glycerol dehydrogenase by Autodock 4.0, respectively. The docking mode was studied. The key
amino acid residues identified as ASP123, THR177, SER243 and GLU180. By comparing the bind-
ing energy of both enantiomers, the effects of chiral conformation on the combination were ana-
lyzed to real the catalytic selectivity of GDH to the enantiomers. These results indicate that mole-
cular docking can be applied as a primary method for exploring the substrate specificity of glyce-
rol dehydrogenase for enzyme promiscuity study which is saving time and costs.
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HE

ETAEYEBERTETF AR EEN L ThEet:. EidBrendafiif EHER, HR. ARHMHES
B§(EC1.1.1.6, Glycerol dehydrogenase, GDH)H)JEMi. FIFH S FREDIER A, FFaHmESER
FF XS BAR-1-E - 2- NEBEIS-1-B 8- 2- W A4 AR, REBERYESHRBEERBRENMR
NASP123, THR177, SER243MIGLU180. i LB L& RE, HIAFUXBAEMESNERME, HH
i B S B R-1- 8- 2- N, S-1-8H-2- WA R I RIK . 207 R8T LU BREE XS F- AL S W0 TR
HIGeST, FRVERT U H I BSR4 2 T Re i B RIS 1P R B, A TR RS

XK iia
HR SR, BEASIIRNE, 2738 FHALEY

1. 58IF

i e S H AR AR T R . AR H R T, H i i S R SRR R B T
(dihydroxyacetone, DHA), i —DACHIA: B M AE P i )= 4 . X — ARSI A2 BAH Oy ek
KA L FEACEIRAE, BEARERE RIS, (ENBRIE N RE Y AR KRB ATP 0 NADH [1]. H i
U RS T S e A R M 5 A A T AR R B A I A, L R ) R R T e — N E
AR, W) AR 2 ARZGRg Rl Bk, RLAA K s AN s TS N FRI A 2], BRI, T i S T T 2
Bz R

AR (A0 R S =) R0 L 2 AR AN E], GDHA] 73 = Fh 2R AY[3]. S — M N AKINAD [IGDH. iX
FGDHF: EAFE T % Fh 4 # ', WiAerobacter aerogenes. Escherichia coli. Bacillus substilisfficellulomonas
sp.&F. 5 T FONHKIINADPIGDH (EC1.1.1.72 FIEC1.1.1.56), 5 H %t ADHABH HEs, X2XGDH
REAFAET B W MBNPEL N [4]. HB=F AU BT A0 iR ERIGDH, Al H il /L DHA,
FERE TR T P K IAFAEIXEGDH [5]. B H #4240 J91,3-PDI) F Z A (e FE A AT R B« AT T e 2L
PR ZE AT B ) A8 & 55 —FGDH, &/ 5GDHt. PDORM & f1,3-PDI K 7

Sergey N. Ruzheinikov [6]%7E20014E 1 #5B. stearothermophilusH i fiil ZUl i AR 4544, 1% A 37012
BERRIRIE, 4rT & N39.5 kDa. 2 it BEEAN S5 H Il ANAD RSP, R GDH G AL s T B
(I A GE R IR 5% 2 18], Zn® B 57 B A o AR A S L PO e b r T o /il i A 4 B 10 e Ak 8 i 17
BRAEE OB R T b, RIZEgR— R8I B R A AT — 1. SR 23 B 3 W AEN i A1 C i 45 74
B A — N5 Greek key SR @i IRV, N 45 MR TS [ 5 XA REE, 1T ag-aghB WK A% 13X N3
BEMIREE . MZn™ 88 745 A TEIX AN AR EHE, it B B A/ A 2 BRI L7307 i R A 28R 25617 )
H SR AN 27 AL (P A R U R — AN 7K 0 FAE AR FH o 1 N SO B R 57 5 4 43 A 2 B B SR ZE 0 T 4] L
AN, 3X =B B 1 A R REAE X N O S I Hh =2 AR 51 1)

B 10 1 22 D BE 1k (Catalytic promiscuity) /& 45 i 1935 VAL £ AT DML BR T RS S BLAD 56— e B B
M SIRE [ 7] R TR IR 2 K B 2 Thaett, 232z k. Ry, KEa
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HET 40 TR H A 0 AL % TR

Ry RS R R A (SR A B AL T oK, 0 A S A R v, 00 L — MR AT BB T B T (8] -
TEMEAL KRR R FE v, ARG 2 ThRe M e a5 . TESE RARIRM B B4 T, B 2 DhRetE 23l
[9] [10]. HHFTEEH 2 D RetE A A R T8 70 B AR ROG & LR IR =P 1 & AR A, JF Hedh
JRAMEALTN B IE R B B AR YA SRR . BRI 2 DhReEXT TR S5 ThAEHE LI AR
AW E M= X [11].

ASCHIEFEH I it S B — T2 AFE BRI AL 2 DhRe it . LSRR T Bacillus stearothermophilus ) H
WA B ARG, 1SR LAVEE R, 4248 O A HE 1 H i ARG 1 R HRTE R i
R B RIS 5y 7, BT TRHEEORE FORY) 4 T S BEE e O A EAE R, 25 58 H I i R v A
O S Z DIREPE A5G R A o T it S0 Bt 1) 445 ) 50 DA B FH 3 4 i B0 Al

2. MM ERZE
21 MRRFESITHR

it 1) 7 471 S S5 A0 A5 B RIR T L2 i AR (5 B 2% 0 2, 1 NCBI, PDB, SWISS-MODEL, EXPASy
s SHEHTEE Y Autodock 4.0, R EHE K UE T Brendas

22. A%

2.2.1. BERMHEBSH

AU FCHIF PyMOL 1.0 F1 Vision 1.54 X P RHECAEFT FF M PDB R 5 11 85 141 2% 17 3144 45 M SO A
SIS, TEVEAL A MR . DIKUET Bacillus stearothermophilus (14 H il i 6 (PDB 1D
1JQ5) 5 /N T EAT X4

2.2.2. SrFxHE
14 ] Autodock 4.01F Axt i, e 2 ml e i i yASP173, HIS256, HIS274. Grid BoxZ X
50, Y 50, Z50, X center20.597, Y center 29.369, Z center 19.783, ¥&JF 40.375.

3. B{RE S
3.1 HmBiSE RS S

iEid Brenda ¥ A1 AR H i S B EYRE . H b S B RS BN R, Hh R A A
Hanse 1 FoR[12]. BT RARYH AL, E AR SCIRIE R 2 Fabst 2 R . fAES . RITEIS
RERSEDDH I A AR, FLUE s T B B B R 2 b (A, &gt iR R A i 1%
TR R-1-283L-2- P 1% (R-1-amino-2-propanol) fl - S-1-%2 J&-2- 75 % (S-1-amino-2-propanol )/ Jy i i JEe 4 xof
FERCAA [ L3R T H ik Jid 0l 9 16 Ak 22 ThRe M

3.2. Bl SESRYxE

TR R AKHE R S R R R “Bi-FH R B BLULC AR /N 5 S2ARAE R - AR SEAN AE LA A
M EUE AR o 73 70 R 7 Autodock i DLTRGI /N7y 7 5 AN B A 4 &, T 12 B T 2 i e A
BEEFA D ERF 7T . AutoDock i i 2 e Mt 452 7 VA (U VN TR R R A2 AR A0 ) LG & 1 B AE ST S 45 2R o
M T ReE AR RS v 18 4L 5L (LAG) /=& 18 A% 5% 5 R i 4 & 7 v K 45 & (LLIS A% S 4 22 5 R
F R R 7 vE R A ae T HEAT RS AR AEAL) [14].

F Autodock 4.0 X i i S A R-1-%0J8-2- A B0 42 48 S b AT 40 i, 3L484T 100 7R, 1531 100 /%
B4R, TS ARERIC T S5RIPRESBRRE, RS RN TRt R . I
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Table 1. Substrates specificity of glycerol dehydrogenase (section) [12]

= 1. HihARSEE(ECL.1.1.6)B0 4L (ER4Y) [12]

Substrate Commentary substrate Substrate Commentary substrate
. . Relative activity is 21% compared to
(2R,3R)-2,3-butanediol Better substrate than glycerol Diglycerol oxidation of glycerol
i Vi i 0,
(R)-1,2-propanediol Better substrate than glycerol Ethanol Relative activity is 19% compared to

1,2-propanediol 105% of the activity with glycerol

Relative activity is 6.5% compared

1,3-butanediol to oxidation of glycerol

Relative rate of oxidation is 18%

1,3-propanediol compared to oxidation of glycerol

Relative activity 17% compared to

oxidation of glycerol
Ethylene glycol

Relative rate of oxidation is 71% compared
to oxidation of glycerol

Glycerol-alpha-
monochlorohydrin

Relative activity is 27% compared to

Hydroxy-2-propanone oxidation of glycerol

Relative activity is 18% compared to

1,4-butanediol oxidation of glycerol I-inositol oxidation of glycerol
. . L . Relative activity is 17% compared to
- - - 0,
3-amino-1,2-propanediol  104% of the activity with glycerol Isopropanol oxidation of glycerol
i i i 0,
3-bromo-1,2-propanediol ~ 109% of the activity with glycerol Methylglyoxal Relative rate of reduction is 56% compared

to reduction of dihydroxyacetone

3-chloro-1,2-propanediol ~ 130% of the activity with glycerol ~ R-1-amino-2-propanol 33% of the activity with glycerol

3-mercapto-1,2-propanediol  155% of the activity with glycerol ~ S-1-amino-2-propanol 9% of the activity with glycerol

Relative activity is 2% compared to
oxidation of glycerol

Relative activity is 3% compared to

Sorbitol oxidation of glycerol

beta-glycerophosphate

M ReERAKIES AT i RIS 5 T A S 2 LR hk Bk &2 b 7E ASP123, THR177, SER243, GLU180
o MHIRSRZ T, ASP123 5%, Mk THR177 il SER243, HJ%1 ASP123, THR177, SER243 j2
Z 5 REBE N BRI, LA B WE 1 PARERTR.

I P [RIARE R 7 3 et vl B B A R-1- 3 -2- I Wit e 5 SR AT i . HOMIBR A 5 S-1-& 3 -2- T
gty TR BER R A R £ B EE TR /E GLU180, ASP123, SER243 |-, THR177, SER121, ASP173,
THR122 &5k H A5 S A TR 2). AHEE R-1-ZE-2-TH B (w44 5, 2 55080 i i ik 3 14
T SER121 fil THR122. 3f H kTR FE BB AIFE B 5 R-1-F3E-2- N EE (1A [F] . Hoh ASP123 fkAR 2 i %
fy, FHkE SER243 1 GLU180. Hil& 1 flfE 2 A4, SER243, ASP123, THR122, SER121 fl THR177,
GLU180, ASP173 73 & i It S SiEh A RL4E P, TE R AR B EERS, B T AL Tl i .

33 HABMEETERE

Vel 3 9 R-1-Z 3k -2- P -5 H b Bt it 2 o O /5 P P R B SR A i 1 LS AR, 45 e
J9-5.11 kcal/mol, JLH =AZBE. R-1-ZHk-2-NEER IS H il BB 1) ASP123 B —/ME 4,
ZES 5 H I AU Y ASP123 Al — Mk Ak SER243 B THR177 % TE R — M2 .

K4y S-1-EAE-2- N S H i AR 4 & DR IR s i W G B . 45 G R & -5.01
kcal/mol, FLILAHANEEE, AR EFEIK HI BT 5 GLUL80 A A, — AN eldihz it b
AR 7 H7 5 ASP123 TR RSt HIE 3, 4 mran, HimRABE S OER S5 R-1-2E-2- P
Shfy o BERT T A (0 I R 1 ER S P O B I AS TR Ve, AR A 1 5 3 M RO AT 1 B R R

TR A GRS E , A] DA B A i A v T .
3.4.R-1-FH-2-EE. S-1-8H-2-WEFHEL R 4T3ttt
St R-1-R3E-2-HHE S S-1-% FE-2- P4 B X — X - PE S Az 5 H i B S0 O 5o e 45 SRR AT LE R (G5 2)

O,

+
@i
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Figure 1. Binding profile of R-1-amino-2-propanol and glycerol dehydrogenase
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Figure 2. Binding profile of S-1-amino-2-propanol and glycerol dehydrogenase
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Figure 3. Interaction mode of R-1-amino-2-propanol with the active site of glycerol dehydrogenase
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Figure 4. Interaction mode of S-1-amino-2-propanol with the active site of glycerol dehydrogenase
[ 4 s-1-58-2-AESHhRE SEEE P ONESER

Table 2. Comparison of docking results of R-1-amino-2-propanol and S-1-amino-2-propanol

2 R1-5E-2-AES S-1-88-2- MBI R LR

JEEH) R-1-Z2k-2- N7 S-1-F-2-
B ik 45 4 BE & (kcal/mol) -5.22 -5.19
I 5 45 4 e & (keal/mol) -4.33 -4.08
Z 588 N R T H7, H8, H9 H7, H8, H9, O
sommy G A
HIARAC /N T LR R R GLU180, ASP173 SER121, THR177, ASP173, THR122

oy TSR 25 B8 T 47 IR A LA A BRI BE B A LG S5 iR e Fg o« T Xt mitd o T H LT BUA R,
iyt G DU ECVE AN S G RE PR 2 7, T e Rp S AR — e ER . R-1-EHE-2-AREN
ARG A e bl S-1-FHE-2- N RERIK, 7F— B _BIOUE T SCER[13]2 T Hi i AU B X R-1-&( 3 -2- T
(P A VS P e T S-1-20 k-2 T BE 1Y) S e 45

I P R AN ) B = 4 A R R AR KA A R R AT A, R-1-EUE-2- N B S G 1 i i 45 6 e AR AR
SEEREIRT S-1-858-2-N 0, UHARTE HAS 5HMmM AN G . HliEAlS R-1-2HE-2- N4 &
o S-1-856-2- N B4 & B3 o IR 1 S A7 110 DG B G P R B X g 1) T M ST AR I P B . H
Al S RS A I R R SRR AT A, B ASP123, THR177, SER243 fll GLU180, EEA{EHET S
JRAEE A T A . X AT R H i B SR e R A R-1-2 - 2- I R I L A
4. #5ig

BT H i B EBGFIF N TR 73 0%, WP ERER T H AN 5 F X Bk R-1-22k-2-15
B, S-1-2 E-2- W45 5 o 345 1 H I I EUBe 5 IR 45 & (1) S S ZRRR 7R B 47 10 ASP123, THR177, SER243
1 GLU180. i L F VR SR #2, 456 SCRRAROE F Se 30 B i 22 5, [ B H I LA B X R-1-%
Fe-2-TNWE, S-1-%FE-2-TH Ik B ok

g5 JLR I oy 7k nT DL W v B S A S R B R 0, R AR e T SR ) T M R A 1
MG i TF B, AW AR A A EAS . it — D i 7 H i Al A A 2 ThRE . 0 5 i i A B
BT T Ao
S

T E K J AR S A R I00H (No. 41176111), [EZR H AR FIE 4 4E T H (No.41306124), [H 5K H
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