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Abstract: D-tagatose is a rare hexose that is weakly metabolized but highly sweet. It is thus broadly useful in the food industry. Most
current biosyntheses of D-tagatose utilize wild type and modified versions of the key enzyme L-arabinose isomerase. The use of a multi-enzyme
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catalytic cascade to synthesize D-tagatose remains under-explored, while existing methods often exhibit a poor conversion rate due to
thermodynamic equilibrium constraints. In this study, we constructed and characterized a filamentous self-assembled protein scaffold EE/KK
derived from Methanocaldococcus jannaschii. This scaffold facilitates efficient cascade interactions between fluorescent proteins both
intracellularly and extracellularly. Using this scaffold, D-xylose reductase (SsXR, an NAD(P)H-dependent D-xylose reductase derived from
Scheffersomyces stipitis) and galactitol dehydrogenase (R/IGDH, an SDR family oxidoreductase derived from Rhizobium leguminosarum) were
assembled in Escherichia coli BL21(DE3). This approach significantly enhanced the efficiency of D-tagatose synthesis through the
oxidoreductase pathway. D-tagatose yield in the EE/KK cascade system increased by 50% relative to that from the free-fraction system. Further
optimization of fermentation conditions in the recombinant strain BL21-EX/KG (where EX and KG denote the protein complexes EE-SsXR and
KK-RIGDH, respectively) revealed that using Luria-Bertani (LB) medium at 20 C, with 0.1 mmol/L isopropyl-f-D-thiogalactopyranoside and
10 g/L lactose as substrate yielded 3.93 g/L D-tagatose, corresponding to a lactose conversion rate of 0.39 g/g, or 74% of the theoretical

complete conversion rate (0.53 g/g), outperforming most reports of D-tagatose synthesis using lactose as a substrate. This research introduces a

promising E. coli strain for efficient D-tagatose biosynthesis, and an effective tool for assembly of multi-enzyme catalytic cascades.

Key words: self-assembly; protein scaffold; D-tagatose; multi-enzyme catalytic cascade
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Fig.1 Schematic diagram of D-tagatose synthesis by cascaded oxidoreductase via self-assembled protein scaffold EE/KK
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Table 1 Strains and plasmids used in this study

ER Wi A8 B4 AE RIR
pETDuet-SnoopCatcher-Ssxr-SpyCatcher-Rlgdh Amp' FI BRI
pCDFDuet-EE-snoopCatcher Strf F I EAR,
pETDuet-KK-spyCatcher Amp" R w AR,
24Ura-C-EGFP Amp’ TR TR
23Leu-N-EGFP Amp' R E R
pETDuet-KK-mCherry Amp' F I EAR,
pCDFDuet-EE-GFP Str* TR ERR
pETDuet Amp' TR EARR
pCDFDuet Strf FIEARA,
pCDF-Ssxr Str* AR IE
pCDF-EE-Ssxr Strf AFFRAME
pET-Rlgdh Amp' AHF A
pET-KK-Rlgdh Amp AHF A
pETDuet-KK-C-EGFP Amp' AHRRAMIE
pCDFDuet-EE-N-EGFP Strf AR
pETDuet-C-EGFP Amp' AHF A
pCDFDuet-N-EGFP Str' AR RANE
BL21-N/C Amp', Str"; pCDFDuet-N-EGFP #= pETDuet-C-EGFP ABFRAMIE
BL21-EN/KC Amp', Str'; pCDFDuet-EE-N-EGFP #= pETDuet-KK-C-EGFP AR A&
BL21-X/G Amp', Str'; pCDEF-Ssxr #= pET-Rlgdh AR
BL21-EX/KG Amp', Str'; pCDF-EE-Ssxr #= pET-KK-Rlgdh AR
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Table 2 Primers used in this study
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-Ssxr
P SsXR-Xho I-R CCGCTCGAGTTAAACAAAAATCGGAATTTTATC Xho1
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Xho I-C-EGFP-R CCGCTCGAGTTACTTGTACAGCTCGTCCATG Xho1
BamH 1-N-EGFP-F CGCGGATCCGATGGTGAGCAAGGGCGAGGA BamH 1
pCDFDuet-N-EGFP
Xho I-N-EGFP-R CCGCTCGAGTTACTGCTTGTCGGCCATGATATAG Xho1
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13.6 FIE2H
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REREELS 3 IREHE . SRH Microsoft Excel 365 #4111
HOPHAER SD {H; SR SPSS26.0 HEAT BRI 2 %47
Wrifie BEMER, ns TREWZER (P>0.05). *
ZEiE (P<0.05). **ZERAEHEE (P<0.01) ****
ZE 2 (P<<0.000 1), F£A Origin 2018 #4174
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2.1 EE/KK & & % &4
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(kB IR A 7E 50 mmol/L PBS (pH 1 7.0) W H
Lh G, B R BT ERREE R y FiA KA x i3 2
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Fig.2 SDS PAGE of purified recombinant proteins
KK-mCherry and EE-GFP
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Fig.3 Fluorescence emission spectra of EE-GFP and
KK-mCherry fluorescent protein complexes assembled at
different molar ratios
2.1.2  KK-C-EGFP #= EE-N-EGFP & t& & Ji
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Fig.4 Comparison chart of fluorescence intensity between the
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Fig.5 Fluorescence comparison of bacteria solution in the free
group (BL21-N/C) and scaffold group (BL21-EN/KC) under
ultraviolet light
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