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vulgaris) B o- W HAE A LR AN ELBR Y EH5 L FLHXRRIE 5 DA I (Camellia sinensis) , # N ( Cucumis
sativus ) , K KA ( Gossypium arboretum) , # & J& % F 5 ( Spontaneum ) 1 3% F K B % ( Medicago truncatula) 74 81.82% ty &, 3£ %
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Interaction and evolutional analysis of a-glucosidases and Miglitol
QI Yanjiao'* ,LU Huining®, JIN Nengzhi’,ZHAO Yamin'
(1. Department of Chemical Engineering, Northwest University for Nationalities, Lanzhou 730124, China;

2. Depariment of Life Science and Biological Engineering, Northwest University for Nationalities, Lanzhou 730124, China;
3. Gansu Province Computing Center, Lanzhou 730000, China)

Abstract; The phylogenetic relationship of a-glucosidase between different species was analyzed by using the
method of bioinformatics. By analyzing the interaction site between the hypoglycemic drug Miglitol and
a-glucosidase of Beta vulgaris, and the characteristics of corresponding amino acid in other close genetic species,
we found that Miglitol was located in a narrow binding pocket which recesses inside to the enzyme molecule. The
interactions between them are mainly electrostatic interactions, hydrogen bonds and van der Waals forces. There are
multiple O-H hydrogen bonds between drug and the enzyme molecules, which makes Miglitol a better inhibition
because of the characteristics of strong water-solubility and polyhydroxy of the Miglitol. Through TMHMM prediction
of the Beta wvulgaris a-glucosidase sequence, it was found that there is no transmembrane region. The multiple
sequence alignment suggested that 81.82% of the amino acids located in the interactive sites between Miglitol and
Beta vulgaris a-glucosidase were conservative among the closest genetic species Camellia sinensis, Cucumis sativus ,
Gossypium arboretum , Spontaneum and Medicago truncatula. Among the conserved amino acids, the polar ones,
such as Asp and Trp, were the most. This bioinformatics-based analysis can provide important scientific basis for
further behavioral research of the hypoglycemic drugs in other species.
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ou- 18] %) Bl ( a-glucosidase ) J& FIK FEBE K fi
S A6 27 20, S22 2 Bl TR I VA ity
S NPHER A R AR B - R
T AR A o A )z WS S, L AEE T T
A REYRN  FE NSRSl A s
Py A O i B A R mE A A YT RE
o HTHERE L S5 1 22 AR ZE LA PR T 5 | A& i 90
AEUINOCER  WHEIRIN e e a5, 4k
MRS RI - H A A H S S AR 1 b NS Y
TN PR AR B s D S R iR T A Ak LA
T A oo A D ) R0 o 5 e
Hi A 20N DR 5 L Bz 200 BRI oo R 20 W Y G, i U
K533 itk IS AT e A 1) S E VRN | AT 28 22 i 3 1N ) 2
(RS, AP I W P s s B PRI, SR B
FA) 11 a1 7500 P 42 o) 0O oo ) 28 WY T 1O 9 2, X
PRI I IR HA BB IR E L,

KARFN B 55— AT 8800 o7 280 W T 410 1)
), ERE W PR AR 5 I B K S
Bayer 2~ H) F 20 {22 80 4F AL w1 #fF il I & IF F
1997 4F b7 () — P Y oo 280 W Tl 400 o1 700 25 24
Yyt KA HIEE (Miglitol) B2 FR R 1- (232
) —2— (W EL) -3, 4, 5-WRNE =1, HiAk 2= 454
NS W AN & W e a S i S S v B v v s N 1<
RSt XGT TR VE Aoy Tt R o~ 4] 20 R il EL AT 1 SRR T RS
T R SRR ROK AR IR A AR AL T
PRI, REME RSO B BT TR R RN AR A% 51) 10t A B
AR R R H AT E 2 R 2 56 T
il e LA A 500 =22 1) AR ELAE FH R g e S8k
20T oo~ 2 B Y TR A A B A B O A2 B BR
PR AR S i A 017 B 22 1 5 B3 B A R b )
ou- 1) 70 W 1T T ) 24 B 1R 3 91 R U REE AL G R 4
KAE BN L 5] 2 ( Beta vulgaris ) B9 o~ %5 4 1 B AH
HAE IR AL R S A A ) B b oRE 0 09 2 R 1
[F) A5, 3B A S BIT oo~ 26 AR T T P 7K P B L 5 0K A%
GNBELS G AN AL B S SRR AR AT, it — 20 T i HoAth
VIR o~ 580 25 R T T 110 465 A0 A A R 43 BT K A 1)
At Py b (0 400 i P A B AL A

OH @
/\/OH®
3 HO
@ HO N
OH®

1 KIEIEER) — % FHEU F 5
Fig.1 The 2-D chemical structure of the miglitol
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1.2 EBRFIIHFHES T

LI e 1 ClustalX B 44E #1797
0T 0 IR Y 91 BE RN 2 B 55 v s ) A3 AT
Wit Lasergene B/ #E4T 8 5 e 51 O ARARL M 20 Bt
JEil 1F MegAlign 4" Lipman-Pearson 75 3£ #E 17
B2 5%l DNAMAN ( version 4.0, Lynnon Biosoft,
Quebec, Canada) Fl1 ExPAsy [ ProtScale 2% 74t
BT KE . ExPASy #2135 A9 75 25 5 i
DX T F TMHMM ) 1 TMPRED ) 3E47 5 5 [X.
M1 . T Jones-Taylor-Thornton ( JTT) #E7Y R H
B BN B 19 75 28, ] MEGA [ Neighbor-Joining
(N]) J7 ¥ A #E AL Bootstrap Replications %
E A1 000,
1.3 SFEBRpmntE

& Pubchem b N8N 7K A8 G BERG 25 4L, 2K
JriiE Chem3D #: A MM2 35 5ok B AL K
4 A 0.001, i Gaussian B4 1) % 277 bR B IS
B3LYP (77 1: 1 6-31G (D) AYFEL e — 25y JLAT
AL o STkt 2 ) AutoDockd. 2 EA T
1, % H Lamarckian 1515 874 (LGA) |, g &= PEAL IR
B IR IREL 2.5 107, 28748 F 1 40.02, 28 X
K 0.80, Fe KB B 300, PLZGH)/INr 108
HL RS 5~ RTS8 6 nmx 6 nmx 6 nm, [ [y
0.037 5 nm, 2 F5 A « = 0.210; y = - 2. 258;
2=-22.464, FAAFHNN 50 A G b AE R
INVE N E M RAE#E— 2D B T

2 RS

2.1 EBRFIIAREAR

AR B o H W I I P 51 44 B B HEAS TR
RV IR AFPEIINGR 1 Fios, Hoh R )
PR oo B T N 19 2 2 TR Y 41 KR AE 500 ~
2 000 aa, {H/Z 2 FEM 2 S o B HL ) Fe g0,
HRY B 2K 28 T RN 1 ) B S R AT o AT R L
B, S5 HRAE 5~9
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Table 1 Name and composition of a-glucosidase amino acid sequences from different sources

Amino ascids composition

NO. GenBank (ID) Length( aa) Isoelectric point
S-Basic S-Acidic Hydrophobic Polar
1 BAA11466.1 567 56 75 187 158 4.966
2 BADO06006. 1 1023 66 110 354 313 4.841
3 BAM72725.1 985 61 97 350 302 5.113
4 BAA08125.1 985 63 99 350 297 5.224
5 BAM72724.1 913 80 84 315 256 6.977
6 BAT44029.1 575 65 60 202 163 8.653
7 AGA82514.1 924 81 88 326 255 6.669
8 EDP03143.1 1 059 84 98 380 248 6.007
9 KGN45958.1 930 88 100 320 252 6.241
10 KHG02796.1 515 47 51 182 137 6.618
11 BANG67474.1 887 76 88 289 255 6.441
12 ABI53718.1 952 65 90 343 251 5.804
13 ACZ37246.1 880 83 84 331 211 7.369
14 KEH44226.1 938 86 97 319 263 6.310
15 EJY88423.1 1 954 190 236 640 579 5.321
16 BAB43946.1 969 46 99 319 348 4.327
17 BAE20170.1 960 64 113 329 294 4.618
18 CAA04707.1 919 104 129 292 224 5.689
19 ACB13188.1 900 91 111 285 247 5.729

e 130 2RI AR 3-RINER 5 4-KINER s S-HIEE s; 6-AEME ;7-5%; 8B O-BUI; 10-ARAM s 11-80EH1; 12- A5 13-H B HI T4
V4R 15- Ay 16-SEWZFERERE ; 17-VE 7 VPRE RS s 18-TH48 2, 19-WE I EL T,

Notes : 1-Apis mellifera; 2-Aspergillus Awamort; 3-Aspergillus niger; 4-Aspergillus oryzae; 5-Beta vulgari s; 6-Bombus diversus; 7-Camellia sinensis;

8-Chlamydomonas reinhardtii ;9-Cucumis sativus ;10-Gossypium arboretum; 11-Haliotis discus hannai; 12-Homo sapiens N ; 13-Spontaneum; 14-Medicago

truncatula ; 15-Oxytricha trifallax ; 16-Schizosaccharomyces pombe ; 17-Schwanniomyces occidentalis; 18-Solanum tuberosum; 19-Thermomyces anuginosus.

S—Basic: Strongly Basic (+) Amino Acids; S—Acidic: Strongly Acidic (+) Amino Acids.
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ou- 1] 2 A EOT R 2 o ) T Ak 5 DG B AR
FHUS AR 790 A s 5 e DR L R T A o 2 A o
ez N FRATT DR KA S BE Sy AT S5 A A
ez )5 , e S5 EEE (Beta vulgaris) 1Y o~ 20
HEREO A ELAE T, AT B 48 52 b i 5 25 6 RE i fIK
(=6.93 kJ/mol ) A R, it — A& 73 A 1 1] A AH EL A
G (A 2) . KAGSIRESEIEE o1 A0 1T
it A AR FH 3 P S o5 5 TR R TR o 280 W 1 B P A
FAAE 5.2 EASE AR, KA 270 BT 57 T 140 i) k01~ 7
PR R T AR B e 7 23 s I, KA 91 B o3+ W o
Sha HASRE YRS R T ARG LT B

I 3 R LR ) ORAR S B R AR A T -7
PG — AR R 2 R TG4 & 142
KA S 5 Wl 7 1 45 G A AL 1Y BRI K 2
PR AR M ) & LR, 20 TRP329 , ASP357 . ILE358 .
ILE396 . TRP432, TRP467. ASP469. MET470,
ARG552 . TRP565 ., ASP568 Fl1 PHE601 , H: [a] i A &
Y] 22 DL v AH B AR T S A AR T oy
Hrp R R Asp357 1) OD1 5 K4% 51l 1Y &R T
H, Al H, 2 6] 2 B0 A~ O-H &8, 8K 2 2
0.180 1 nmA10.211 3 nm, KA Z R Asp568 1) R
+ OD1 A1 OD2 43 5| 5 K48 51 B (%) & i+ H, A H, 2
[EJE B M > O-H S8, B4 43 01l /2 0.211 8 nm FlI
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0.192 1 nm, B DGR EL RN, X — s S EERE
PR oo T8 BT 0 114) A FH AR A5 LB AHARL, R AR A% 15 0K
FEHNBESY T 2Z R AL 4 S, FRBE S KRR
Asp Z[H], 40 N JEF 4B E 72 5 H T Asp214 1)
AT Z I8 STeH B RS H A Glu276 &R T
ZI) K gk F R R E O A H 2515 Argd39 Fi
Asp349 TE R SR, TEJ2 H T ORAE 51 B 5 /K 5 P
IR S0 AT LY o A Al 0 25
IKPE IR Y BRI A HAE T, 5 RAAE IR IR

SR Z A A SV, DT R o) 260 B 1 i
BABSRMIMHAEN, DR, KA 5B B A
J Iz BRI, D PR AT B A KA 1 e 5 ) 4 A
SERTE AL, T 30 A R T T
i, R SRS R R o 2B (SWISS
PROT EE HBEE I, 7515 . P 53 341) i — 2P 5]
B AL PEARA (3 4 Lipman-Pearson Parameters J5 72
BENAA22.0%) B2 BN 5 KA EE R 1E D5
AR AR

B 2

RiEFIEES - AEEEBEEERES AR

Fig.2 The binding site of the interaction between miglitol and o-glucosidase

3 XKRIIES o HEAWEEHEZ BNEEER
Fig.3 Interaction between miglitol and o-glucosidase

T B LR R A,
Notes ; Hydrogen are showed by dotted lines.

2.3 o-HEEEEBNFSIR R

A ZE PR E B ST A YU RE , Bk P2
20 P BELIR X AT 1Y Rr I, SR B A B A A = 4k
2 AR EE R R Z —  EAEE FA RE5 4 e it
R F) TG HEVEAE T R ExPASy B
Protscale *%}%ﬂ‘%:ﬁﬁ%(l?eta vulgaris) M -7 2 BT
AT K LIRS (UL 4) o ARAR 0 H L E K
IX,0 fHLAR R ook X, A AR B K 1 7 H,

BB R , B K PE ER R AR bR AR R
NP AT LA ) K P R BRI L 1R T K P i
RHEMR , o K P s (B2 3.55, e fii(E 2
=3.37, TFEAKME G BE 5 8 58 ( Beta vulgaris ) BY -7
BT B AR P RO, AL IR R T, RS 2R
IKPEREFERR . AP, i3 TMHMM T EE3E ( Beta
vulgaris) 1) o= BTG P4, 45 SR R LI JEE X
(WIE5),
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ProtScale output for user sequence

Hp}'lob./K}'/te & D'oolitﬂ'e —_

0 100 200 300 400 500 600 700 800 900
F IR T 51 (Position)

B 4 Beta vulgaris B o-H B EEHESERF JIHIHKESS

Fig.4 Hydrophobicity analysis for a-glucosidase sequence of the Beta vulgaris

Tmhmm posteriou probablities for 5

1.2
1o
z
Z 08|
<
2 transmembrane
é 0.6 inside
M outside
= 0.4
0.2
O 1 1 1 1 1 L | 1 L
100 200 300 400 500 600 700 800 900
i3 /351 (Position )
(a) THOOUARER A1
Tmpred output for 5
2000 0 —
0—1
1 000
]
0 t
© —-1000 ) & / ol f
5] ( i | ( {
) i
& -2000 ‘ !
o
== il i
-3000 | i
-4000
~5000 1 f L 1 L 1 ! 1 1 |
0 200 400 600 800 1 000
IR T 9] (Position)
(b) Tmpred M {E

5 Beta vulgaris ) - BB EHEBSERFFIHNBEX S
Fig.5 Transmembrane region analysis for a-glucosidase sequence of the Beta vulgaris
TE AR FOR IR AT 51, Hoh () B AL BR R (A, (b) BRI ARBRFRIR Tmpred AT E, He o 55 7K 038 7K AL 8853 5 76 287K
SFL BRI T
Notes: Amino acid residues are numbered from left to right on the horizontal axes. The ordinate of (a) indicates the probability, and the ordinate of (b)

indicates the value of Tmpred, the hydrophobic and hydrophilic positions are plotted above and below the ordinate, respectively.
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24 o«HEREHBNRAZREXR
ANTEIIAAIR ) o1 A4 T 1Y) 1Y 91 ZH BRI
JEBAHANR] B XESE (Beta vulgaris ) HY) o- 4] 2 %
S A P A Y Y S0 AT LA, R B 2R ( Beta
vulgaris ) 5% (Apis mellifera) | 5% 1 8 ( Aspergil-
%85 (Aspergillus niger) . AKH%EE (As-
1 ( Bombus di-
KO
( Chlamydomonas reinhardtii) 3% )\ ( Cucumis sativus) |
ARAME (Gossypium arboretum) AL LM ( Haliotis dis-
cus hannai) [ H EJ& # F-25 ( Spontaneum ) | $EFMRE
) A A W) ( Oxytricha tri-

lus Awamori) .
pergillus oryzae) .\ ( Homo sapiens) | fig

. - . . .
versus diversus ), 2% ( Camellia sinensis ) .

7% (Medicago truncatula

Sallax) SE 1P Z4 58 ¥ ) ( Schizosaccharomyces pombe) |
VU5 VFRE 1 E): ( Schwanniomyces occidentalis ) | T 4% 25
(Solanum tuberosum) W& EL T ( Thermomyces lanugi-
nosus ) B 77 51 A0 AL PE 43 1 )& 36.4% . 37. 1% ,39.1% .
39.2% .18.2% .62.5% .36.7% .45.6% .61.9% .40.2% |
39.8% .53.2% 47.0% .27.9% .35.2% .32.2% .32.3% #ll
24.7% o Mo-HIREWE 1 B 2 SR PP 0 B9 R G B
K orhrl IE H, G5 (Beta vulgaris) 5 325 K R
IEHIZR ( Camellia sinensis) (75 JA ( Cucumis sativus) AR
K ( Gossypium. arboretum) [ H T & E] F-2 ( Spontane-
um) FEERETE (Medicago truncatula) BIFRALEAR =
F45.0%,

Camellia sinensis

o I .
Gossypium arboretum
91 | :

Beta vulgaris

40

Spontaneum

| Cucumis sativus

Medicago truncatula

Chlamydomonas reinhardtii

Oxytricha trifallax

41

—h

Solanum tuberosum
Haliotis discus hannai
Homo sapiens
[ Schizosaccharomyces pombe

[ Schwanniomyces occidentalis

Aspergillus oryzae
Aspergillus Awamori
Aspergillus niger

— Thermomyces lanuginosus

[ Apis mellifera

0.5

100 ‘Bombus diversus diversus

Bo6 «HAREHBIERERFINRZREN

Fig.6 Phylogenetic tree of a-glucosidase amino acid sequences

SR, 8 1k 22 P Lt B3, TEKRAE B BE S Beta
vulgaris 1) o~ W HF BEEAH EAE FHOLSAR 1Y 11 N2
B A 81.82% I E HERTE X AWy A bR v
FECRSF I (750 LB DLIEL 7). A 18.18% 11
GRS AR ), 140, 5 & (Beta vulgaris) 1Y
Trp329 Y (LR X)) 2
HE g % ( Spontaneum ) JE B ZTR Tyr, HiAth =4~
YRR 2 AR ; 5 ISR (Beta vulgaris) LY

% ( Camellia sinensis) Fll

1358 B K 1 1578 S e B 19 FUA 3 I ( Cueu-
mis sativus ) FIEEFER G 16 ( Medicago truncatula) /&K
ZFIR Asp, BT AW AR, Wi, X
SO TR Y oo~ 460 W 6 5 DK A% 1) B AH B A
B IHR I E IR AR A PR ST 1Y, H SR e i 2
M2, @R MR A AR . BV AE AR PR~ 1Y 2 Ak
R KR A3 1 2 FE R E A AR TR A AR
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LEDVVANYAKARIPLEVMW T DI DY Meseee . KFVNAL HRN GQKYV VT

IETVVDKYAEART PLEVMWT|DI| DYMeseew QF VTK LHRNGQR YVP|L
LERVVAGYAKARIPLEVMWT|DI DYMeeeree PEVDRLHRN AQK YV I T

TEDVVENY QKAQTI PLDVIWT DDDHMeesee AFTDK THSIGMKY IV [L

IEDVVENYKKAKIPLDV IWNDL DHMse«-NFLDRIHSI GMKYI VL

%34 FEb oAt aRSABRIGEMIAARLRINE
Camellia e R VGY RDVY Deverev
Go ssypium o] e o e
Beta s o0 e RWGYR DV NE se e
Spontaneum weersRY(GY LNV SDeeeeee
Cucumis s RIWGYHNL SVeeenes
Medicago w RUGY HNLS Veesese
Camellia LDPGISVNMTYGTY IRGMKAN IFT KRDGT PY LGV

Gossypium
Beta

Spontaneum

MLTGISVNSSYGSY IRGMOADIFIKRDGI PYLGEVY
LDPGINTNKSYGTFIRGMQ SNVEIKRNGNPY LGSV
LDPGIRIDATYGTFVRGMQQDI FLKRNGTNEFVGN

PGPVYFPDFVNPAGAIFWAEEIKI
PGRVYFPDEVNPQTQTYWDGEIKL
PGPVYYPDFLDPAARSFWVDEIKR

PGDVYFPDFMHPRAAEFWAREISL

Cucumis IDPGIAVNSSYGVHQRGLENDVFIKYQGEPFLAQVWPGAVNE PDF LN PKT VLWWG DE VRR
Medicago NDPGIAVNTKYGVYQRGMANDVFIKYEGEPFMAMY WP GAV YF PDF LN PKT VS WWADE TRR
Camellia FRDLL PIDGLELENEI SNF IS §—— === == === == === == ——— == ——S PT PFS wesss RS
Gossypium FRDT T PVDGE TN DMNENM SN B TS s s PRTPNIGswwsSIRIS
Beta FRDITPTDEIWIDMNEASNEL TS ——————————i—e ——— —————————— APNPESrw SRS
Spontaneum FRRT IPVDGIWI DMNET SNFYN~=—==———===m——mm—=——rosensom- PEPMNew=sq HS
Cucumis FHELV PV DGLWLDMNEV SNF CS GLCKI PKGKQCP TGT G- —PGWI CCLDCKNI TK Teeee SRS
Medicago FHELVP IDGLWIDMNEVSNFCTGKCT IPKERFCPLOGEKLPNSTCCLDC TN ITS TesesS|RS
Camellia TEVGS GKY TA}& TGDONAATWEDLAY STPGI LSFGLYGIPMVGADI CG}SGN ———————————
Gossypium TEVSSGKY TAHWT GDNAATWEDLAY TIP ST LNFGLFGI PMVGADI CGF|SGN=— == ——sece
Beta TFAGSGKYTAHWTGDNAARWDDLQYS IPTMLNFGLE GMPMI GADICGFAES ——— —— —sweee
Spontaneum TEVGSGRYTARWTGONAATWGDLRYSINTMLS FGLE GMPMI GAD ICGENGN === == —sesees
Cucumis TEVGSGKYAAHWT GDNKGTWDDLKYS IS TMLNE GIEFGMPMV GS DICGE[YP— —— ——— —ssseee
Medicago TYVGSGKYAAHWTGDNKGTWEDLRYT ISTILNFGIFCGMPMVGADICGEY PSEYP TLReeewse

7 o-HEBEEBSERFINSFEIIEI
Fig.7 Mutiple-alignment of «-glucosidase amino acid sequences
L FHEFRIR IR KA SN EE S Beta vulgaris 1) o4 4508 A LA R OS2 0L 1R

Notes ; Box represents the amino acids which located in the active site between miglitol and the a-glucosidase of Beta vulgaris.
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GBI i U Y 2 B, 3 0 mT DA 30 B KA 271 s Xof
HABY A oo 2 W 88 5L AT AR R0 i) 410 7 4 FH 0
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