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Biocatalysis of formaldehyde to L-xylose
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Abstract: It is of great significance to use biosynthesis to transform the inorganic substance formaldehyde into organic sugars.
Most important in this process was to find a suitable catalyst combination to achieve the dimerization of formaldehyde. In a
recent report, an engineered glycolaldehyde synthase was reported to catalyze this reaction. It could be combined with
engineered D-fructose-6-phosphate aldolase, a “one-pot enzyme” method, to synthesize L-xylose using formaldehyde and the
conversion rate could reach up to 64%. This process also provides a reference for the synthesis of other sugars. With the
increasing consumption of non-renewable resources, it was of great significance to convert formaldehyde into sugar by
biosynthesis.
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TR LB A0 AT kAL B W (90 i A et i
ol L B B A B O R R
(Formose) Js Jij 3 & F 7K 175 W P ) TG AL (&%
FREGAE) 8 AT, B S O At 5 2% 0
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1.1.1  SEHRS
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BEIR A B SE I H AL RS RHCA R A |, BT
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ZyvH], Ni-NTA SERTEEFEIA A Qiagen.

AT Al FH A BT AT R AR Bz X 7 AR 52 6
R K AT 1 DHSo T Bk #4 2, BL21(DE3)
FH T W i) 26 35 . pET-28a(+) Hl T % ik GALS,
PET-22b(+)H] T3 ik FSA.

1.1.2 LW

FEHZ M A: 50 mmol/L K3PO4, 5 mmol/L
MgSOy, pH 7.4; % 4 2% v B: 50 mmol/L KsPOy,
5 mmol/L MgSO,, 1 mol/L Bk, pH 7.4; HE1%%
M C: 50 mmol/L = Z Wk, pH 7.5; FHAZ
7 D:50 mmol/L = Z i, 1 mol/L WK, pH 7.5;
VRNV - AN [m] e B2 A WK s 2 il 5 A WA A
KA (1 mL KR): 21.1 mg FEELRER R,
300 pL HIEE, 660 pL MLAE, 40 uL ddH,O. LB #%
IRk BEREM 5 g/L, BEEMAMK 10 g/L, NaCl
10 g/L; LB (A4 : Beblby 5 o/l, BRALE K
10 g/L, NaCl 10 g/L, 1.5% (W/V) Z5fg; 2YT 1%
FREL . WERERD 10 o/, JRALEE K 16 g/L, NaCl
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1.2 Fik
121 Bkt 5k
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H¥ 98754 FSA-A129T/AL65G 7l 3] pET-22b(+)
) Sal T #1 Xho I Z [\, #EE k. FSA-A129T/
A165G-pET-22b, #RJ5H & GALS B FSA AL
() TR 43 S e AL B K AT I DH500 J% 52 25 4t i
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1.2.3 FEBpEAb B & AR K
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T 16 min B AH¥% 20%-60%%s 14 h, XA A
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LA I B E] 27 30 min.

2 HERSAM

2.1 EREEE AR 18 18 B B9 SE I FA K 48 B9 46 )
1861 4, Butlerow & K4l 1 HI R M I
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Wl S BRI T A T4 N BE H BRT R (1)
W= HE A B TN 1006 2 5 31 42
T 90%), fif FH I RBEHOR B4 il & % — i iy



MFEN SIEMECREER LA

fe71, JEHTELT L E/R T HA SR8 6
A, A E TR A R TR

AR B T — FH RS A L- AR 0987 %
1, A BRSO R R AL, BISE—Ah R R
AL (1) B CEERE (2) TIREMEE GALS,
T 565 R RE R AL I 20 RN FSA, "B g
ML B S S AR A L-HIhEE (3), RIS Sk
CWEEES L-HhmE, AR LA (4) (B 1)

SR FH i O R R I LA, B el S
N AT AT A A AL O P AR R, BB )E Y
FEM B DB EE R HPLC #6, & 2 s, K
WEFR G R ZHAG7E 7.7 min Ze A H G, T B4
WA A I B AR ) = A o B UGTERA , 1 1 T
AR LU S B B AT AR 2 74 L-AHE
22 EEER L-KEEZEMML

Xof AR S 6 = 0 s 1Y) L BEIE A5 T (GALS)
5 David Baker #FZHREMUGE 1 FLS #17 HEEKL,
iR KL GALS A LA — M b i Ak FHY I A 7 L
B, JF FLBEE ISP B A1, B SR TR0 i A i
O
n

H H

0]

1 2

1 HED L-AEELRETEE

0
_— _—
HJ\H GALS HOQJ\H FSA H

HO
0 , H 0. ,OH
O/\Hk H > LI
FSA
- HO™ ™7 ~oH
OH
3

PR R HERAERG NN, (HJE GALS (AL R B g 1
B, HEE AR FLS (9 13 £% (& 3), HI
WaE T 1 BTk 25— GALS.

N T 1 PR,
T 3 SRR IIE RV IO, B 4 it
S 0 T B A FURE GALS-WT G % 1 il
GALS-H281VQ282F KLY I, X B 2H h
AN IEfTEE . ik 3 B, AL A 2 B2
P AR A DASE IR, LG o 75 31 1% 28 A5 R il 11
AR o TR AR, GAF] T 89.9%, it
MRAH TC B AR ) CREREAE A T 5 J2 T FSA
Oy B B | L-H i A0 2 BN L
3 WA L-ARBE A% thIEl 5 7]
H, MK RA CRERE S L-HIMEEA7ER, FSA
TCIAMEAILAE B L-AWE , T[] B A7 7E £ B AT L-
HIMEERT, FSA A RBMEAL 38 AR B L-AHE, FLAE
AR 44.2%, MIIEY] TH 1 iEERE
FIW) L-HIhEE (3) A BEmEAE il L-AKE (DA
BRAT L, I AR m s, K 6

(0]

N

4

Fig. 1 Schematic diagram of catalytic pathway from formaldehyde to L-xylose. GALS: glycolaldehyde synthase; FSA:

D-fructose-6-phosphate aldolase.
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Fig. 2 Liquid phase detection of L-xylose.

% : 010-64807509

8 10 12 14
t (min)

. cjb@im.ac.cn

945




@D 1ssn 1000-3061 CN11-1998/Q /EHTE:AE  Chin J Biotech

4.5
4.0f
3.5+F
3.0F
2.5F
2.0f
1.5+
1.0r

Hydroxy acetaldehyde production (g/L)

i - e

0.5+ ﬂ
0‘0 s Y /i N

1 g/LFALD | 2 g/LFALD

GALS]| FLS ‘GALS| FLS ‘GALS| FLS ‘GALS| FLS ‘GALS| FLS ‘
3 g/L FALD

4 g/[LFALD | 5g/LFALD

3 AREMYRERERTAME GALS #1 FLS UL R REZHNTE
Fig. 3 Production of hydroxyacetaldehyde from formaldehyde using enzymes GALS and FLS at different substrate
concentrations. GALS: glycolaldehyde synthase; FLS: formolase: FALD: formaldehyde.
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Fig. 4 Efficiency of wild-type and mutant enzyme
GALS in catalyzing formaldehyde to glycolaldehyde.
50
45+ 44.2
~ 40}
S 351
£ 30F
‘B 25+
E 20¢
S 15r
“ 1ot
{5)' 0 0
GALD L-Gly  GALD+L-Gly

5 B FSA 2RlEL CEZEE. L-HiHEE. ZRZEEAD
L-H BB A K L- KRR L E

Fig. 5 Enzyme FSA catalyzes the conversion rates of
glycolaldehyde, L-glyceraldehyde, glycolaldehyde, and
L-glyceraldehyde to L-xylose.
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Fig. 6 Enzyme FSA catalyzes the production of
I-glyceraldehyde and I-xylose from formaldehyde and
glycolaldenyde. = GALD: glycolaldehyde; L-Gly:
L-glyceraldehyde; FSA: FSAAZTAISE. | yyl: L-xylose.
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(4) WA DISEE, IR HIY 0.1 mol/L FALD
F1 0.2 mol/L GALD, [Ht#ie A% 0.1 mol/L L-A&
W, SEBREEINE] 8.14 g, K iZ LR N
54.3%, MMz FEAH LR 5 A sl L-AHE
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Fig. 7 Different concentrations of formaldehyde as
substrates, different ratios of GALS and FSA enzymes to
synthesize L-xylose.
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