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Biosynthesis and regulatory mechanism of acarbose and its
structural analogs: a review
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Abstract: Acarbose is widely used as a-glucosidase inhibitor in the treatment of type II diabetes.
Actinoplanes sp. is used for industrial production of acarbose. As a secondary metabolite, the
biosynthesis of acarbose is quite complex. In addition to acarbose, a few acarbose structural analogs are
also accumulated in the culture broth of Actinoplanes sp., which are hard to remove. Due to lack of
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systemic understanding of the biosynthesis and regulation mechanisms of acarbose and its structural

analogs, it is difficult to eliminate or reduce the biosynthesis of the structural analogs. Recently, the

advances in omics technologies and molecular biology have facilitated the investigations of biosynthesis

and regulatory mechanisms of acarbose and its structural analogs in Actinoplanes sp.. The genes

involved in the biosynthesis of acarbose and its structural analogs and their regulatory mechanism have

been extensively explored by using bioinformatics analysis, genetic manipulation and enzymatic

characterization, which is summarized in this review.
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A Acarbose biosynthetic gene cluster

-IIJIJIII'III'IIIIEI'IEIIIII'IIIWII i

acbZ Y X W vV U S RPI J QKMILNOC B 4 D GF H

I ' I ' I ' I ' I

0 kb 10 kb 20 kb 30 kb 40 kb

»Alpha-amylases ‘Cyclitol cyclase »Acarviosyltransferase Glycosyl transferases ABC exporter

»Amylomaltase » Cyclitol synthesis E>Acarbose-7-kinase NDP-sugar-syntesis Unknown, outside

”l” Corrected misassemblies

B
a
sedo-heptulose-7-phosphate
I AcbC
2-epi-5-epi-valiolone b
4 AcbM p-glucose- 1-phosphate
2-epi-5-epi-valiolone-7-P
4 AcbO lAch
S-epi-valiolone-7-P
I AcbL dTDP-glucose
5-epi-valiolol-7-P
L AcbN AcbB
1-epi-valiolol-7-P dTDP-4-keto-6-deoxy-glucose
} AcbU
1-epi-valiolol-1,7-di-P l AcbV
| AcbR
NDP-1-epi-valiolol-7-P dTDP-4-amino-6-deoxy-glucose
—
c v AcbS
dTDP-acarviose-7-phosphate b
Acbl
CARBOHYDRATE METABOLISM
Maltose Maltodextrin Mono-& oligosaccharides |¢——+— Acb]
_ AcbO
L mgluc-acarviose-7-P-gluc, | Acarbose-7-phosphate

Cytosol

gBeRgARRaRanaEa

Extracellular space

 EEAasR8ReReReReReneseses

Lot »gluc-acarviose-7-P-gluc, ¢ Y

Mono-& oligosaccharides +—

AglG/MsiK
AglEMsiK
MalG/MsiK
MalF/MsnK

AcbY/AcbW
AcbX/AcbW

>
(=R
m

g OGbE Amylopectin

oAbz Amylose

«LPUA_ pyijylan

.—;‘

Bl 1 Actinoplanes sp. SE50/110 [ £ K EE MEA BB EFE (ach) BEBBKFEIOPIDL AL Ripgfn
%E%B"Jéﬁi; B: 4-ZHk-4,6- BB A PERI G L C: PR PR R &
Figure 1 The acarbose biosynthetic gene cluster (ach) and acarbose biosynthetic pathway of Actinoplanes

sp. SE50/110P*252%51 (A) The synthesis of unsaturated cyclitol. (B) The synthesis of 4-amino-4,6-dideoxyglucose.
(C) The synthesis of acarbose.
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Table 1 The acarbose biosynthetic genes and functions®*2*)

Genes Enzymes Functions

acbC 2-epi-5-epi-valiolone synthase Convert sedo-heptulose-7-phosphate to 2-epi-5-epi-valiolone

acbM 2-epi-5-epi-valiolone-7-kinase Convert 2-epi-5-epi-valiolone to 2-epi-5-epi-valiolone-7-phosphate

acbO 2-epi-5-epi-valiolone-7-phosphate 2-epimerase  Convert 2-epi-5-epi-valiolone-7-phosphate to 5-epi-valiolone-7-
phosphate

acbL 2-epi-valiolone-7-phosphate 1-reductase Convert 5-epi-valiolone-7-phosphate to 5-epi-valiolol-7-phosphate

acbN Cyclitol oxidoreductase Convert 5-epi-valiolol-7-phosphate to 1-epi-valienol-7-phosphate

acbU 1-epi-valienol-7-phosphate kinase Convert 1-epi-valienol-7-phosphate to
1,7-diphospho-1-epi-valienol

acbR Valienol-1-phosphate guanylyltransferase Convert 1,7-diphospho-1-epi-valienol to NDP-1-epi-valienol 7-
phosphate

acbA Glucose-1-phosphate thymidylyltransferase Convert D-glucose-1-phosphate to dTDP-glucose

acbB dTDP-glucose 4,6-dehydratase Convert dTDP-glucose to dTDP-4-keto-6-deoxy-glucose

acbV  dTDP-4-amino-4,6-dideoxy-D-glucose Convert dTDP-4-keto-6-deoxy-glucose to

transaminase dTDP-4-amino-6-deoxy-glucose

acbS Glycosyltransferase Synthesize TDP-acarviose7-phosphate with
NDP-1-epi-valienol7-phosphate and
dTDP-4-amino-4,6-dideoxy-D-glucose

acbl  Glycosyltransferase Convert dTDP-acarviose-7-phosphate to acarbose-7-phosphate

acbJ Hydrolase

acbW ABC transporter permease ABC exporter, transport acarbose 7-phosphate out of the cell

acbX ABC transporter permease protein

acbY ABC transporter ATP-binding protein

acbZ Alpha-amylase Hydrolyze extracellular starch or dextrin to glucose and maltose

acbE  Acarbose resistant alpha-amylase

acbQ Acarbose 4-alpha-glucanotransferase Participates in the reaction of the “carbophor”

achK  Acarbose-7-kinase/acarbose Convert acarbose-7P-(Glc), to acarbose-7-phosphate and mono-&

7IV-phosphotransferase oligosaccharides

acbD Acarviose transferase Synthesize acarbose-(Glc), to acarbose-7-phosphate-(Glc),
Transfer acarviosine residues to maltose or higher
maltooligosaccharides

acbP Putative NUDIX hydrolase Unknown

acbH ABC transporter binding protein ABC importer, transport maltose, maltodextrin, mono-&

acbF  ABC transporter membrane protein oligosaccharides and ,,gluc-avarviose-7-P-Gluc, into the cell

acbG ABC transporter membrane protein

BT IR JHOBE 7 A= W G B0 SR AN R BRI ) B A
(a). 4-%KE-4,6-BUB A A S B (b) FBA
FPH A () 3 4B FRE2259 ()& 1B),

sk PFETE R A b IR RS T
Actinoplanes sp. SE50/110 D-4ij %4 b - 1 -0 iR -y
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Table 2 Acarbose and its structural analogs

produced by Actinoplanes sp./*"""!

Names Structure Limits*
(%)

Acarbose Ac-1,4-Glc-1,4-Glc

Component A Ac-1,4-Glc-1,4-Fru 0.6

Component B Ac-1,4-Glc-1,4-(1-epi-vlienol) 0.5

Component C Ac-1,4-Glc-1,1-Gle 1.5

Component D Ac-1,4-Glc-1,4-Man 1.0

Ac-1,4-Glc-1,4-Glc-1,4-Fru 0.2
Ac-1,4-Glc-1,4-Glc-1,4-Glc 0.3
Ac-1,4-Glc-1,4-Glc-1,1-Gle 0.3
Acarviosyl-1-4-(6-desoxy)Glc- 0.2
1-4-Glc

Note: Ac: acarviose; Glc: glucose; Fru: fructose; Man:
mannose; *: European Pharmacopoeia, 6th Ed.

Component 4a
Component 4b
Component 4c

Pseudoacarbose

pH 11.0 £ F 5V 3 h, 33.6% 1 Bl - i 4 ml %
A a1 sy AP,
2.2 A4 B. 4a. 4b. 4c TR FIEHERY
=34

Hemker 2544l Ml 5% 41 AcbD 7E4F
T HE R H (Streptomyces lividans) TK23 it
17 T SR RIR MG RAE, A2 H i
— AP -R WS R OB L BRI, REEAE AL
B[ A% 0 BE AT acarviose 7% 7% 21| 42 28 SR 55
W BN, T BT R MRS AU, S
4y da. 4b. 4dc. U5 B FUEBTR AR A A
%, HAREMELL1 AL C A1 D MR,
23 HH CHIEMK

EEH T LLE Y, 2051 C 43 FH acarviose
DL 1,4-BEF 555 10 BBl (1-a- 7 2 B - 1- 7 2 )
A, AR AR, & bEE TR
PR FE T . B, HAG AT e S 4
JfL 2L f I R I B K T U TP bR H R TS I
(glucosyltransferase, GTase) B i i & B A
SB35 DA, Vg AR — B TE AR AR
W2 A A AR SR R, R AE AR SURT R 1
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Proposed component C biosynthetic pathway of Actinoplanes sp. SN223/29 (A)P%

Figure 2
Actinoplanes sp. CKD485-16 (B)P".
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BT R A G o FALEE R, Bl
A X257 A 25 C B4Rl i il .
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JEMCHGE: ,  REAR S Ab P R it B2 B T4
A PP, i A e K TR S BT I
BB TIAL R B R R AR D 0-25 °C, B
REAIR T RHR R 24 AL 2y A (5 1,
3.1.2 45 CBEH

H AT S A e R S IO i
Yy S AR A 4 C it ANk BESE A ]
AN WAHEEIK . BRRR O BR . WAHPRSE ik
X Actinoplanes sp. LA-H6 #4715, 155 —FE
REEW oy C & iR FR AR 58 Bk
SIPI-AK"™, 4= 22 2R FH 58 S5 A8 Rl 15 A8 Ak
i A. utahensis ZJB-08196, iAW RAKE
UN-52 Al WN-44 28 5 [N 24 5 HEA5 31 5% 72 Bk
F61, HRBER P45y C S RIEMIKT 18.9%*),
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Choi Z &% Bl A 10 umol/L F X 5 ¥ %
(valienamine) P] LU Actinoplanes sp. CKD485-16
REER A C k> 90%Lh P, Cheng
G 2B Ay B W BOR NG Actinoplanes  sp.
AS6 B H 415y C & it )\ 498.2 mg/L F#AIK %
307.2 mg/LM*, Xue 75 K& B B HIA 20 mg/L
X B (validamine) J& , MUBEET T A. utahensis
ZIB-08196 Bil-RbE A WA, BFEIR T 45 C
T, TSR EESIET , SARUSI X B e
X REAHLL , JLBT-R B HE A 3 560 mg/L 3 %)
4950 mg/L, MiZH 4 C A& HIIM 289 mg/L [ 5]
107 mg/L, ZrHtAVEN R BERT, TR0 ik 2]
6 606 mg/L, izl C & A 212 mg/LMY,

SRUE F IR R 0 0 RRAR T A5 C
i, BEEEMES —ENE Bk, HAbi
B T 30 E 2 Ze E RAR X AR LA, i8R RE
ELREERE R RO 43 C R 5 B A 3 2 bR
WL, TR IR g2 ek ki aifh
3.1.3 HIRFINDFIES

SN FAE S R A S A A B A
A Xue 5L BINA 20 mg/L FH: X 8 i
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3 560 mg/L H 0% 4 950 mg/L!, i gk —
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VERAIIN L, H X B e — P &3 o-BE 11
s 1 O L DRy Sy e A R D 1 S
RYEWEE S 1L AR 2 2R AS S TR R
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I, AT X R e i B I W 2 7K T 1Y
PN ATRE IR . 1) ARl a7 Sk
PEEEE R AU & WA R o- TP I 2) 1ER
B RCHTAR, AR ET B RO A

Sun %5 & BN A GE &= SR A H AR & R
(S-adenosylmethionine, SAM) (20-100 pmol/L)
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Actinoplanes sp. SE50/110 JE R ZH 47 EL X,
SE T —FBTRERIAEE R C (AcrC), MM
PCR-targeting ¢ R @ B T~ Actinoplanes sp.
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Genes Genes
Reactions Reactions
Metabolites Metabolites

¢ BLASTp
Genes 289 Genes 466

Reactions 354 Reactions 304

B[R PEREA YA s (B 3) SRR T,
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AR AT DL A B A AR A 0 T B B, A BR
treY e DRURE A Bl BT R R R T die Ak 3

Refined process

Delition of duplicated reactions
Filling of metabolic gaps
Adding of transport reactions
Balancing of mass and charge
Adding of acarbose synthesis reactions 31 reactions
Adding subsystem information

Draft model

Genes 1143
Reactions 1479
Metabolites 1237

Actinoplanes sp. SE50/110
Genome sequence
Size 9.24 Mbp
Genes 8724

Model SEED

Genes 1101
Reactions 1120
Metabolites 1 128

3 RgHER B

Figure 3 Reconstruction of the metabolic model™®!.
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Final construction
Genes 1208
Reactions 1219

Metabolites 1 128

471 reactions
237 gaps

33 reactions
All reactions

848 reactions
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