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Enzymatic synthesis of xylulose from for maldehyde

Bo Cui*?, Bingzhao Zhuo®, Xiaoyun Lu? Wen Wang®, Dongguang Xiao®, and Huifeng Jiang?

1 College of Biotechnology, Tianjin University of Science & Technology, Tianjin 300457, China

2 Tianjin Ingtitute of Industrial Biotechnology, Chinese Academy of Sciences, Tianjin 300308, China

3 Northwestern Polytechnic University, Xi'an 710072, Shaanxi, China

Abstract: Xylulose as a metabolic intermediate is the precursor of rare sugars, and its unique pattern of biological
activity plays an important role in the fields of food, health, medicine and so on. The aim of this study was to design a new
pathway for xylulose synthesis from formaldehyde, which is one of the most simple and basic organic substrate. The
pathway was comprised of 3 steps: (1) formaldehyde was converted to glycolaldehyde by benzoylformate decarboxylase
mutant BFD-M3 (from Pseudomonas putida); (2) formaldehyde and glycolaldehyde were converted to dihydroxyacetone
by BFD-M3 as well; (3) glycolaldehyde and dihydroxyacetone were converted to xylulose by transaldolase mutant
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TalB-F178Y (from Escherichia coli). By adding formaldehyde (5 g/L), BFD-M3 and TalB-F178Y in one pot, xylulose was
produced at a conversion rate of 0.4%. Through optimizing the concentration of formaldehyde, the conversion rate of
xylulose was increased to 4.6% (20 g/L formaldehyde), which is 11.5 folds higher than the initial value. In order to further
improve the xylulose conversion rate, we employed Scaffold Self-Assembly technique to co-immobilize BFD-M3 and
TalB-F178Y. Finally, the xylulose conversion rate reached 14.02%. This study provides a new scheme for the biosynthesis

of rare sugars.
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Tablel Plasmidsand strainsused in thiswork

Stains and Plasmids Characteristics Source
Stains
DH5a 580lacZAM 15 TransGen
BL21 (DE3) F-opmThsdSB (rB-mB-) gal decm (DE3) TransGen
Plasmids

pET28a -talB-F178Y
pET28a-bfd-M3

pET28a based vector, containing TalB-F178Y, Kan®
pET28a based vector, containing BFD-M3, Kan*

Lab collection
Lab collection

PET20b-tim-ctdoc!?? pET20b based vector, containing TIM module (TTC0581) from T. Gifted by You
thermophiles and the dockerin module from C. thermocellum, Amp’ C
pET 20b-al d-ccsdoc?? pET20b based vector, containing ALD module (TM0273) from T. Gifted by You
maritime and the dockerin module from C. cellulovorans, Amp' C
PET 20b-cbm3-scaf!?? pPET20b based vector, containing a CBM3 module from C. thermocellum
CipA and three different cohesins from C. thermocellum, C. cellulovorans  Gifted by You
and R. flavefaciens, Amp' C
pET28a-bfd-M3-ctdoc pET28a based vector, containing BFD-M3 and the dockerin module from  This study
C. cellulovorans, Kan*
pET28a-talB-F178Y-ccsdoc  pET28a based vector, containing TalB-F178Y and he dockerin module This study
from C. thermocellum, Kan®*
PET20b-cbm-scaf PET20b based vector containing a CBM3 module from C. thermocellum  This study
CipA and cohesin from C. thermocellum, cohesin from C. cellulovorans,
Amp'
(RAC) D- 37°C 220r/min
1% (VIV) 800 mL
LB 5¢g/L 10g/L 2YT 37°C 220r/min
NaCl 10 g/L ODgyy 0.6-0.8 IPTG 0.5 mmol/L
(2YT) 16 g/L 16 C 16-18 h 5 000 r/min 10 min
10g/L NaCl 5¢g/L 30 mL A
A 50 mmol/L K3;PO; 5 mmol/L
MgSO, 0.5 mmol/L TPP pH 7.4 (1200bar 3 ) 15000r/min 4°C 50 min
B 50 mmol/L K3PO, 5 mmol/L
MgSO, 0.5 mmol/L TPP 1 mol/L pH 7.4 10%
1.2 75 SDS-PAGE
1.21 15 mL Amicon (10 kDa Millipore
pET28a-bfd-M3  pET28a-talB-F178Y ) (4°C 3600 r/min) 30 mL
PET28a-bfd-M3 A
pET28a-talB-F178Y BL21 (DE3) Pierce BCA Protein Assay Kit (Thermo
5mL LB Fisher Scientific)
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100 pg/mL
1.2.2
(200 L)

1 mg/mL BFD-M3 1 mg/mL TaB-F178Y 5g/L

50 mmol/L K3PO, 5 mmol/L MgSO, 0.5 mmol/L
TPP pH 7.4 (200 uL) 5g/L 50 mmol/L
K3PO, 5 mmol/L MgSO, 0.5 mmol/L TPP pH 7.4

300 r/min 37 C

24 h
1.2.3

[22]
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20 C
1.25
BL21 (DE3) BFD-M3-
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( 1.2.1) 100 mL 5 000 r/min
10 min 10 mL
A
15 000 r/min
30 min 30 mL
50 mg RAC
5min
A 2 10 mL A

Pierce BCA Protein Assay Kit
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f/Resuspended
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TalB-F178Y-CcsDoc enzyme
’_' -8 complex
CBM-CtCoh-CesCoh — RAC
Mix
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Fig. 1 Scaffold Self-Assembly schematic!?.
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1.2.6
(500 plL)
2mg/mL 6-16 g/L
50 mmol/L K3PO, 5 mmol/L MgSO, 0.5 mmol/L [24]
TPP pH 7.4 300 r/min (11 pHA
37°C 24 h [25]
1.2.7
(HPLC)
200 pL 12 000 r/min 2 min BED-M3 2 1
0.22 pm HPLC 1 DHA
HPLC Agilent Technologies
TalB-F178Y DHA
1260 RID (Refractive index detector) 5
Bio-Rad Aminex HPX-87H Column (300 mmx ( )
7.8 mm) 20 L 5 mmol/L eQuilibrator (http://equilibrator.
H,SO, 35 C 0.6 mL/min weizmann.ac.il/)
4,G" ( 2 4G" -27.9
4
2 %%57}% -17.7 15.9 kJ/mol 5 1
21 BEARAEEELRENET 4G" 576 kimol (<0)

0
- 0l UL - HO
H

0
)L BED-M3 ) Glycolaldehyde TalB-FI178Y HO
e .
Ho N —> — “On
Formaldehyde HO%OH Ho
~ 0 ~ Tulee
Dihydroxyacetone Xylulose
2 HEIAEEELEETEE
Fig. 2 Catalytic pathway schematic from formaldehyde to xylulose.
R2 BESLREGTHHEHET
Table2 Thed,G™ of each reaction in the new pathway
Step Reaction Flux 4,G™ (kJ/mol)
1 2 Formaldehyde <=> Glycolaldehyde 2 -27.9
2 Glycolaldehyde + Formaldehyde <=> Dihydroxyacetone 1 -17.7
3 Glycolaldehyde + Dihydroxyacetone <=> Xylulose 1 15.9
Total 5 Formaldehyde<=> Xylulose 1 —57.6

http://journals.im.ac.cn/cjbcn
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pET28a-bfd-M3 pET28a

talB-F178Y BL21 (DE3)
( 121) SDS
PAGE ( 3 BFD-M3 TaB-F178Y
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(
(2021 HpLC
A

1 2 3 4 5 6 M

63 kDa

25 kDa

M1 2 3 4 5 6

75 kDa —

25kDa —=

B 3 $RFEFMEMLEN BFD-M3 1 TalB-F178Y

Fig. 3 Purification of BFD-M3 and TaB-F178Y by
Ni-NTA affinity chromatography. (A) Protein BFD-M3.
lane 1. precipitation samples in the cell lysates; lane 2
supernatant samples in the cell lysates; lane 3: supernatant
flow through Ni-NTA affinity chromatography; lane 4-6:
50, 100, 200 mmol/L imidazole eluent. lane M: protein
marker. (B) Protein TalB-F178Y. lane M: protein marker;
lane 1. precipitation samples in the cell lysates; lane 2:
supernatant samples in the cell lysates; lane 3: supernatant
flow through Ni-NTA affinity chromatography; lane 4-6:
50, 200, 300 mmol/L imidazole eluent.
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Fig. 4 One-pot enzyme-catalyzed synthesis of xylulose
under different concentration of formaldehyde.
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24 HEEZMEREAERAKREENE HPLC
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Recombinant plasmids with Scaffold cohesion. (A) Recombinant plasmid pET28a-bfd-M3-ctdoc. (B)

Recombinant plasmid pET28a-talB-F178Y-ccsdoc. (C) Recombinant plasmid pET20b-cbm-scaf.
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Fig. 6 The synthesis of xylulose by Scaffold
Self-Assembly technique under different concentration of
formaldehyde.
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