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State-of-the-art for alcohol dehydrogenase development and the prospect

of its applications in bio-based furan compounds valorization
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Abstract: Alcohol dehydrogenase (ADH) is found widely in living cells, where it catalyzes the oxidation or
reduction between hydroxyl group and carbonyl group. It also catalyzes redox reactions of a variety of organic
compounds with high selectivity. In recent years, with the research progress of the catalytic mechanism, structural
information, molecular modification, and reaction systems, ADH has shown great promise in the highly selective
catalysis of various bio-based platform compounds. One example is the oxidation or reduction of furan derivatives
such as furfural and 5-hydroxymethylfurfural, which are important sustainable building blocks for bio-jet fuels

and biomaterials that are derived from tandem hydrolysis, isomerization, and dehydration of hemicelluloses and
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celluloses fractions in lignocellulose matrixes. This review focuses on the cutting-edge technologies in molecular
design and directional engineering of ADH. In addition, the intensification of cofactor regeneration processes,
including chemical-driven, enzyme-driven, and photo/electricity-driven pathways were also summarized. These
methods could be the solutions to the negative aspects, such as expensive cost, poor stability, and the poor
circulating efficiency of the nicotinamide cofactors that are indispensable assisted in typical ADH catalysis
process. Moreover, the latest research progresses of ADH in catalysis of bio-based furans platform chemicals were
also discussed. Apart from using ADH solely for the activation of the hydroxyl and carbonyl groups in the
biobased furan derivates and the production of oxidative and reductive products, there is also of great promise in
cascade ADH catalysis and other chemical or biological catalysis processes in one-pot under relatively mild
conditions to valorize the furan derivates into valuable fine chemicals. Meanwhile, the whole-cell catalytic process
that involves ADH and in vivo cofactors regeneration also possesses potentials in biobased furans valorization,
with the advantages of low catalyst loading and processing costs. Overall, the researches of ADH in catalysis
biological furans valorization has entered a new stage. With the further exploration of the potential applications of
ADH, its role in the transformation of biomass resources will be increasingly important, particularly in the

industrial process in the future.
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Fig. 1 Schematic diagram of ADH engineering process
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Table 1 Current advances in ADH modification and expression
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B W% H T 4 AR 5 H B SR T I AL B NAD (P
HILENADP) H %, 5 bd, Al
BJE IR T G5B NAD(POH ™, SR 1 76 B e
A fEF, B RN E B DR A A
TRARR Y, S B TR RSN T TR
2 M, MEFAS RS S AT
P AE AR R 46 DR 7 2 TR) 28 4%, W DATE — AN 3 ) %
WP EEAAN TR —ANEAE TR, £
ERRRE LRV T E A AW AN
FRIEFEMEAR . RIS in) . Zhan 55 ™ FI| F
[MI{M A [Cp*Rh(II)(bpy)Cl], Cp* AT HHIf
KM EL, bpy N2, 2-BRAERE-S,5- IR )Y K
M AR T T HLE R G0 H T I A% 0 R A DR T AR AR
o ANFET TR MR EE R RN
GBS AN AL J5 B Y BB & S 1) A R T
AR, TR RS, (AR R R
I KB T IR, MATREERGNGIA
AR JFE LR B s R B B R R
H, 3 251 (1] 42 T A0 K 4l X1 7 7 A A T T 0K 20 4ty (]
TR ARMRS

56 R B A D - B AR AR 2R, A sE B
FLE B IR B 3l R A R G R 0 R O B T
H-FE R SRR R e, BTk, Zhan %™ 2 JF
KT — P -ADH fi: 1 FAL = 3% # P% 2 i FOL &
g, FIHBAMEEEEER [M] KZHRE T
-V EWAE S T ADH AL, HIREME
MRS EEMESR A [K3Md 1. it
A 3 B A G AR A SR AL 51 ON IR Bh i R 4R
BEOGAE B FRE . ZRTREAERE G T
RO ERACEE, RS 7 a4 A

THAZ R RN, OCEERE & VLR T2 2 L 2

%‘&@E? [65, 94] .

3 T ADH WAk wemi iy A= YAk
e

RN R FEYFARMEAR AT 4 R R EE R,
e BB e O A WG R . R BTET 4R 3R PRI £F
ek PAgE R4 S HERE, TR &
R S R IR SRR R I A Y. X
LeE R R SRR AL VR T R 2K AL
Jii 7K & S B, AT il £ FAL. HMF %5 & & I 2
17 ¥ S5 P A AT 1) A W R R AL S e 1R
aWaEE i nEl. &R, wEE—
ALy MINE RS 4L . B ARRRE. AT
AR AT AR ST I n, HMF 2 22 [ fg 5 8
(DOE) ZE ¥ 2 fb %% fh ) “Top 10+4” 44 1 Z
— Pl MHEC T FAL. FOL %5 R & — AN P 5 1)
BRI AL &Y, HMF Al LLE S S AL, e, &L 5s
BV 2 B OI0 AR 2 R A0 2, 5- 0 F I R T
(furan-2, 5-dicarbaldehyde, DFF) . 5-¥& H 2 -2-
BRI R IR (5-hydroxymethyl-2-furancarboxylic acid,
HMFCA) . FCA. 5- H [ 2 -2- Bk g % 2 (5-
formylfuran-2-carboxylic acid, FFCA) F1FDCA 4§
ZMEY.

ADH &3 17 £ T % KA N, A HLH] Y]
W, € A 7k . 7R O STk COUF S5 ADH AT
AT YRR SR AL R LR, JFA&
BB . K4 R, HET ADH A
P B 1k e 1 A BT 7T 3 LT ) HMF. FAL 2520 111
7 3 2 A/ R e B 0 AL DT, I AT S K A
T Ao SSE R B 46 22 R T A2 PO s 1%
B R R RIC S TR 3. KR b, AR M
KA TR A K BT T — 20 A7) Jy kT ADH
BEEAG . ZRERR G/, LR,

3.1 EREsEl

5T ADH ) 5B (AL R GEp e IO B S AR XS
2o 83 ADH Ayl 5~ O R i HL A PR 1 A e
SR, ZRP R &P TR R T R AR
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Fig. 4 Synthetic route of biobased furan and its derivatives

GuAN G AR I R R, DASCEUR RS = % A
YRR A FE AL . B0 . A HRE SR SR B 2R
RAE S KA A AR B (Pseudomonas
putida) [F)NADH ##6i1: ADH—-BovADH. EcADH
A1 PpADH £ NADH %4k i (NOX) %A 1 w]
4L HMF FIFAL MR, #54b281K 99% M. Tt
X HMF (8 AL A2, Jia 2% U % Bl HLADH AJ 52
DU 20 R A AL, AL HMF S AR R
HMFCA 35 %] T 85%~97% W= % . BRul— T+
SRR (5 N 7 PR A R 405 ADH i Ak A= 47 55 ok R
1A P EAGIE R B T R A, — SR ST g
AN NS T, S2EL ADH i 4b i R b i A 4 2]
THA. B, Jads S fFH T E YR NG
K- BNAH, JFHiF SE4 079 BNA R B4R 5 2 B
ITFEINAD

3.2 SEBREXE(

SRR, 2L R RESS ¥ ADH
5HAD RS JF N . B G 1 B A T i e e
RS RS (& 5D, #E—30 % ADH AL =4
A Dy o) A 3 A7 0 — 20 AL WD AL 1 4 e Bl

un, Sattler 5 " K T ADH. e S AN T 2R
Al “—#E” AL RS, B ADH W FENAD %
A B M NADH. BEJ5, o-F 2 i L L- N & R
1B e i i g Je 2k, L-IW A R A g (L-
alanine dehydrogenase, AlaDH) jH#ENH,f# NADH
A L-H 2 % F 42 . AlaDH %f NADH 5 74 fid B2 [7] i
HEAT PR AR, S DR R R A R S R HEAE
Ifi Velasco-Lozano %5 " X Wi E AT [#] & (b AL 2R,
ADH. - 2 g 1 E AL B 3L 8 2 72 2 fL ik b
EFPEALTRIA] 73 0 BN — 5 OGN 2 I, (R
AL S R AT (AR B R G 8 B e A
YiE R, RERR S 1A RO R
Fn, Wu% {8 &4 GDH ARG HMF f&iff 52 M e
LTS ADH (EcYjgB) I HE 4 E S T HMF
i 7 77 BHMF, 2 J& 20 Bk K H Mycobacterium
smegmatis PRI (acyltransferase, AcTs) [T
AL IS R BHMEF JEAL A XU .

WIS 2 EGHERR) C—Eavk” ik RE T
a4 H AR = AR r= i 18, BN E B 1L RS
DUPCHME . A 36 22 e 46 0] RAE R TE A OC R G
TEE Oy B, JiagE U R T AL b
A ML (galactose oxidase, GOase) F1 ADH 41 ik
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R3 BT ADH AW HE W A0 A Y Bl AT 58
Table 3 Summary of catalytic reactions of bio-based furan derivatives
2%
eyt Tt/ T Al 4 W i/ EEd=) -
ik
Hififg HLADH FAL FOL {58 FH VAL 28 AR g AL P s A R 7 1 2R [63]
AL UE B &4 57 BNAH A T~ 8 AR & B 72 1 19 NAD(P)H 56
48 h FOL 7= % &3k 93%
HLADH FAL FCA A4 FH I 2138 AR S i A A 4l DR AR [64]
48 h FAL ¥4k % 100%, FCA 7> Z ik #] 98%
HMF  HMFCA #4788 (/R AR A 4 7 1A
60 h HMF 4%, 28 100% , HMFCA 7~ % 81%
FFCA  FDCA {8 FH A 4T 8 AV A P A A A R TR
108 h FFCA #:4L 3 79%, FDCA = % 54%
DFF FDCA {8 FH AL 21 25 AR A A R s R 1R
60 h DFF #% 4L % 100% , FDCA 77 % 96%
ADH FAL FOL B IS Rh AL A R-[E 210 ADH 8 A B b, Bk 27 05 = Bh A IR 7 A= [65]
FAL & 5y FOL [ I 96.4% , 72 90.0% [93]
ADH FAL FOL {8 FH Bt 545 CdSe/ZnS 9K IURL ¥ C N, A A At Ak 77 SR Bl 4 X - A [73]
ILFIIT 100% ) FAL #4658, 72 FOL # £ 24 0.6 mmol/L
BovADH FAL FCA Xof P B AN R e RS [102]
HMF HMFCA FALHMF ¥4k Z35 99%
76 pH8.5 15 1L ¥ 14 B 7E 40 °CLA |
EcADH FAL FCA R S BRSSO v
HMF HMFCA FAL .HMF ¥ AL %5k 99%
15 pH8.5 1510 T ¥ 1R B 7E 40 °CLA E
PpADH FAL FCA 1£ pHS8.5 FiG IR E1E 40 °CLL L
HMF HMFCA  STHRIESE R BTG w1 /R N vE 1% FAL HMF #6406 23K 99%
Z W%  GDH+ ADH + HMF  BHMF Wil 7 —f33RiL GDH Y EcYjgB B RJGAT i B R, 52 T HMF iR [33]
AL AcTs 5 F -7 1L, BHMF 77 26 5135 15 g/(L-h), HMF iR KT 99%
{4 Fl AcTs i1 BHMF Fg 4L /2 B , HMF 4= 77 BHMF S8 & 77 R34 7] 88%
AlaDH+ADH+ BHMF PRI AT 4% ) 2% BB i B I 7 F o IR L 481 4 ) e S AT fr e [103]
o-TA BLmE R T R AR TE B & R G A
£ 10% DME, 20 °C  BHMF [ 40 30 — g 1) 7= 315 21 T 99%
ADH + L-AlaDH + HMF Bl — BTk T — P A T 858 AR IR 2 Lk A A9 e A s 1 BN I 10% [104]
o-TA M ADH [EISCR H %1k 84%
HMF #6215 80%
GOase + ADH HMF  FDCA T8 3 o AR T B JE WK IR RE I 8]  CaCO, RN 2 BT R O BE AN L A5, [105]
SZHLFDCA FFCA Al % & 1%
10 mmol/L HMF, 1.6 pumol/L GOase 5 36 pmol/L HLADH J )7 60h I} [ HMF ¥
b K51 99% , FDCA 77 % 95%
HMF  FFCA 38 3ol 4% AR ) () JEE A FE IS BB ) CaC O, [0 45 0 Bk 48 o 4 94 P2 AT E 481
SEHLFDCA JFFCA Al 5 4 1%
100 mmol/L HMF, 3.2 umol/L GOase 5 66 umol/L SADH J% i 48h It} ft] HMF #%
1R ILF 99% , FECA 72 3 97%
el Comamonas HMF  HMFCA X HMF i 5 PE4F AR I B FOL AT 2 e i AR5 1 , 20U R v ik — 20 i v v AR i [33]
14k testosteroni SC1588 SRS pH
HMF #4655 100% , H X4 HMFCA (#1338 87%~88%
Saccharomyces FAL FOL 5f FAL i 52 % 4F , 7 100 mmol/L FAL " 475 4 35 e i AL i 12 [106]
cerevisiae NL22 8 h FAL #4b 51K 51 98% , 1 J5 4 FOL ik £ 14 i 7% 87.9%
Escherichia coli TS~ FAL FA ittt & HLADH [¥] Escherichia coli TS W /A AL 35 [107]

72 h# 25 mmol/L FAL 58 4 %14 4 FA
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Fig. 5 Primary strategies of ADH based multi-enzyme cascade reactions for HMF

FE R RS R 48, T HMF B &AL . e b
&, GOase fi 14 58 Ak 1 [F] IS #6505 + 42 Ak
H,0,, T ADH JJr 4 #E 1 4 X 7] BUd i H,0, 347
AR d I A S R R AR B RN B ]
CaCO, IR D&« Py A il 1) 9 B A LA, ] SR B
FFCA M1 FDCA (AT ¥ & i, 7 2482, T
“—Hath” SRR REITY 2, AECT
ARG, ZMENL RS ZN 0 & a2 B A7
PE—EWNAME, FHESEESHEM.

3.3 =YmHafEl

YERNAEEAC T, By 7 22 o) B a0 55 5 %
TER G AW CLEAT A S, T A58 FH 4 40 i
BEAT AL N ROK T AL 1 AL R S R, A
FAK. Bhsh, EednpEad R, e ST
AT R N 7 NAD(PH, itk T 4 [H
THAERSG, MMEE % 1A UR T n A
PFE 7 e,

H AT, T ADH A4 40 i i 40 % A A2 P B vk
W Ak 5 W0 R B 0 B R s QAT S B 4 A i AR £ 7
Xof b A FE VR R T S A, DASE I K
FE AR IR AL S Y AL AL o T CRT
Wee I K T 9T A= P 5 Ak 0 4 0 I AN O R S T
— B 5 O O e . o S 7 5K BASR A R
W AT A B A eI B R . A0, Yan 5 TN
VY Fh 85 AR B A0 ik T Saccharomyces cerevisiae

NL22 i 52 M @ #% I 8 H T FAL i % ¥ i J7 7~
FOL, iZB#R7E 30 °C R 8 hXf 62 mmol/L f¥] FAL ]
HALFILF) 98%, 1EFEME 87.9%. Peng 55 M #it
215 T HLADH W] Escherichia coli TS T2 « % H
PRTE 100 mmol/L DL Iy & FAL R A 4], &+
HA M, HERW R IR EE N 6.5 g/L ¥ FAL LA 98%
LR AN N TS LI FA. B, Wuss ™
7 — Rl RENS AU L HMF I8 R 5 4 R 7 7 A 1)
M. ZEME HME =i 24 (1 mol/L) 5
BB (1300 s'L/mmol) ] ADH (EcYjgB)
5 GDH fE Escherichia coli BL21 (ED3) 1 Jt 3
ik, BeHE 58 i BHMF (1) A4 f A0 4l B+ 1 98 35
BHMF = #4211 100%

4 REiHRER

Ml i 1 s B ) D R B 2 AR AR AT e R
e S ULE TR SN DL, (R AR S B )
FEAPHER 5 RAT  TRYIR AR . A 5 S5 B A
R R o FE T B M A B 2k 75 2N HE AL 7R OT
K R H% RGE LA E S L
A REHEAT X LA TS 4, PR bt — 0 BRAR A i L
HREMEA, REEVEALERLS, EARK
TG ) 452 A 2 i 45 S B I FH 6 3 27 11

YRR Z A T AR N KB, X ADH 1 H
WU BT FTRE b T A i SE a0 ), ol % A
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FERG B o S 48 K50 70 ADH R 5 e 204 kb S 30 A4
AT ¥ 5 5 S . 1 B 2 R) () A LR AR, (RO
IF) SF Y 1) ADH X} A= 4 5k I s £, 40 11 e A 3 2
FFAEZE o WA B 20 0T R0 E 1) B0 B AR 1
HiE i, ADH £ i fa vl KR A Ve
Ep AW AT

ADH B2 )z 87 75 £ 48 K+ NAD(P)"/NAD(P)H
25, MIHARG R 7 EAESR, i IKz) 4
R 7 P AR AT e fb N R, BABRKIE S, H¥
A RS e AL TR . A M-S
fEih . 4> T oo R E AR T R B B T K
ST IHEAR SR TN T bhrid . Mtz
N, ST B IK BN R P AR O R D Ak
oo BRAL, TAPIAR P AEAE S B A R AR R
4. M TSN ADH ER A RS0, 440 fElL
AR R BN RE, A —E B AR T
% F8 B A W) HE R AT AV R ) R R %
BEMEK, JF R s 52 M 4 E ADH IS P 1 PR 2 R
SO0 A A AR R IR B R 280 ) ) D

H A 48 1 ADH {8 1b A= 4 55 W R 37 A= 0 1)
W 9 % 46 b 70 Sl 4k A 40 HMF VR 8 1) 3% 38 1 41
Pk S b, A AR P B B A G, Rtk iE
MG SRR S g SR, ADH — 75 I8 JF Fi 5k
NFFEE A —E P WA, X R
TE W IR 77 A= (1 158 o' 1 G 40 A 9 A 2 i ) 4% 3o
HOREMAER . A, WA IRERE, C©fF
T F a8 i 3 T ADH 1) 2 B 5 9004 22 1) 2% B IDAE
R EMREF RS ST MEHEHCE AT
IEACHE S A, ADH 7E A= 3 5k i AL S B o
HZi PSR EEEEN MG, LS
Tid RS i,
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