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P [ B ofie A ); SR (ZHE 99.9%, 1 [ 24
SE A IR 7D BTARER (40 >99%, W [ 78
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UK RS SbE e v N IS PREN P NPAL A= 35wl
A BRAF].

ZD-85A B HIR IR G 4% (5 M & 320K ik AR
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AHME T 50 mL A9 EZE = b, mILrh s s
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150 r-min ' BFE R R EAT AR IR, S I8 — R I (1]
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B3 WA AN LAJES 920 BT 2508 1) 7 A R D = )
FERNFEAR S RN ] | R EE IR L L RO
RS Nt A R g, AT RNEAR R AL, SE5
AT 3 Uk, A SPSS 20 £ Origin 2021 #E4 T4 &l
Bl 3.

NaBH,@AuNPs-CRL Z= L il 25 )5, TR
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SRR € T 0 2 TR A IS B i
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EXLSO mL H ZEHEJE i, 10 H o 3 51 i A 10
mgmL " (% CRL i 10 mL., A~ [a] & & ik BEH 10
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IR 4 mL, BHIRAI A%, ET#EM“ i 8 000
rmin AR A SEAT SR A R S5
B AR AR B 58 12 000 MD 3&1‘}? i
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Fig.1 Schematic illustration of synthesis of glycerol ferulate catalyzed by NaBH,@AuNPs-CRL hybridase
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fit A1 1 mL 10 mmol-L ™' NaBH, YAk & T-9¢ ¢ I
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VR, VB ORI 280 nm, R B4 S Kk SRk
44 5 nm, & FHEKE R 300~700 nm, HLE Sk 700
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CLAMETERTIN: 43 53 R b B A0 49 NaBH,
@AuNPs-CRL Z2 L% 2 mg, HCAAH B4R 4 21
MBS, S F s s FERES G 1 RA
FEEEI 7 HE IR R 20, 55 2 YRS RN RE 5L Y £
HMEIE). FHHETEE 4 000~400 cm ', 43 HEE 4 em
JH PeakFit 4.12 2 {4 %5 H P iz 1 4 (1 700~1 600
em ) TAMHIBHE BT 404, SRJE ] Gauss PRETHEAT
PIA, 345 TR T BN 45 — e PG & i,
FEAR B HEA X H T

X-5H4E 6L T RE 1S : NaBH,@AuNPs-CRL 241k
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) S B A R A T S WL B A B

75 55 HE A S BUBE: R 15 DU Y NaBH,@AUuNPs-
CRL Z= Ak B v i 76 ELASE Y 3 mm 4 9 1, Byt AR
JESJ5 R4 7355 S FL B A, 1 FH Nano Measurer 1.2 %K
PR BT A UL A4 K/ NRIDREAR S0 A
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R, R AH AR Ry C18 R AHKE, Wh A AWK
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PRI, Ve 1] A 10 min. FUERBRFEILR (%) 2y
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FA 10 mg B, A 40 °C L HUE IR KA 5 b R4 T
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NaOH R & L0, (55 30 s MBS, 10RIH
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5T 4 500 rmin | A4 0F B0 20 min, [
WOERI AR AR A, F2UTE AR, B I isE
VR T A B, 3 3 AORS Tk LAk v I T
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ity FH S RE S B2 R IR G AR R = 6. 28 b, dl it
FAPR R S IR 3 2 N T Bk TL S U B R H R
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Fig.2 The one-factor optimisation of the conditions for the synthesis of glycerol ferulate

(a) Reaction time(1 : 1 (ferulic acid/glycerol), 50 °C, 50 mg CRL); (b) Substrate molar ratio(48 h, 50 °C, 50 mg CRL);
(¢) Temperature(1 : 1 (ferulic acid/glycerol), 48 h, 50 mg CRL); (d) Amount of CRL(1 : 1 (ferulic acid/glycerol), 48 h, 50 °C)
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NaBH, i 75 il & | #& B . B (8] X} NaBH,@AuNPs-
CRL Z& Akl LU TG PR B 520, 25 3R an 1A 3 filrzs . Fo
FEWITE I L s [ AR ) (% 2578 T, NaBH, A /il & A
[7i) 52 e Jir 57 30 J T B 1Y) A2 B8R, dA% Rt S5 R D7
it 2 A T B R AR T B S [RDRE AR R/ N K 4 3R
AT (1) REDGT 1 2802 52 Wi 232 A S Bl 0 Tl 1% e 1) 32 22
F S YR (K 4 5 NG U I ) B T B K,
A B AL LETE M. M2kl /N T 35 °C
i, NaBH,@AuNPs-CRL Z ki A4 o 776 P B L Y
FhE g, BUEt o7 $az sl B B e, A+
e WG P A B . M2 IR K T 35 C i, 4:fk
it 3% P TR [, — T O A R A OK R Y

BRI, B AORIAR A0k IR T IR I 4 45 7]
GEF, 55— T e R e AR (S5 R AR T | BRI
Rifi 7 5 o7 s (B A S, K G ASWTIE B, 384 1 Bg s
it A 3 i o ) AR B, B AR Y L T
PERAIN. 0 24 AR ] R A 24 h B, AR H TS
P T R AT RE SR SN I ] S BOE B 48
KGRI, R T B A 0= A 454, I T
A I ZR AL BEEY 10 mmol-L ' NaBH, H i HEA i N
3 mL, e fEARALIRE N N 35 °C | T tEZ ALt iE]
24 h, ST 22 ALl A LG MR 4.91 £ 0.12
Umg ', 5B (e B M0 LL 1% #E o 2,95 +0.33
Umg ) HHARES T 66.44%.
2.3 FEBRIRIES

BIEHIE T A5 B IE BE IS5 2 IR A b
JE ik e vl g 7 il 5 0 oK 4 2 TR RO M AR . 1R 4 S
& Kk 280 nm B CRL W 1958 6% &, K
Hrf UE HFE 352 nm P KA HEE T RS I Bt
K5, b CRL i WSS F v ) 0 SRR 2 LR 5 '
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Fig.3 The optimisation of the preparation of NaBH,@AuNPs-CRL hybridases

(a) Amount of NaBH, (10 mL 10 mg'mL ™' CRL, 30 °C, 24 h); (b) Temperature (10 mL mg'mL"' CRL, 3 mL mmol-L"' NaBH,, 24
h); (¢)Time(10 mL 10 mg'mL "' CRL, 3 mL 10 mmol-L ' NaBH,, 35 C)
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Fig.5 The FTIR spectra of NaBH,@AuNPs-CRL hybridase(a) and the contents of secondary structure(b)
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K36 e R AL A 3T Be. 1B 6 B ARA T
A Y 22 AL R XPS peak 43 B HLA Au 1)
4f LI Sy W LA TR B2 XPS 4 Bl . XPS fETE s
£ 84.15 F1 87.8 eV HEL T 1> Au 4115 51, 735
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S, IR E A 0.121 mgmL
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AR BN Y SR R AT e 5 2 b ik A G, ik 72
A ) DRAIE S A T 0 5 1, T BT A s o e 4
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i F25 T T A4k S S 0 S 4 R RN S Ak AR iR AT AR Ak,
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CRL Z& 0B L, 10 25 MR 4 W05 HA (L #1
R i e AL 28 S 9 T T R a9, 1 NaBH,@AUNPs-
CRL Z&fL e & 2 A 7 W LL L 1s PRI A I
WA, FEAE AL BTER R A H Y A R N, SR £
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Fig.8 The operational stability of the batch reaction of
NaBH,@AuNPs-CRL hybridases
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Synthesis of Glycerol Ferulate Catalysed by NaBH,@AuNPs-CRL
Hybridases Prepared by in situ Reduction of Sodium Borohydride

YIN Yi', SUN Li-rui', LIU Qing-yun', XIN Jia-ying"*"
(1. Key Laboratory for Food Science and Engineering, Harbin Uninversity of Commerce, Harbin 150076, China;
2. State Key Laboratory for Oxo Synthesis & Selective Oxidation, Lanzhou Institute of Chemical Physics, Chinese
Academy of Sciences, Lanzhou 730000, China)

Abstract: In this work, a method based on the in situ reduction of sodium borohydride for the preparation of gold
nanobiohybrids for the synthesis of glycerol ferulate was established, which resulted in better activity, stability
and structural rigidity of the hybridases. The optimum conditions for the preparation of the NaBH,@AuNPs-CRL
hybridases were obtained by a one-way experiment, and the changes of the lipase before and after hybridisation
were explored using fluorescence spectroscopy, infrared spectroscopy, X-ray electron spectroscopy and
transmission electron microscopy. It has been shown that the NaBH,@AuNPs-CRL hybridases have a reduction
of a-helix and an increase of f-folding in their secondary structure. The specific activity of the NaBH,@AuNPs-
CRL hybridases was 4.91 £ 0.12 U-mgfl, which was 66.44% higher compared to CRL. The conversion of the
glycerol ferulate synthesis catalysed by the NaBH,@AuNPs-CRL hybridases under the optimum conditions was
98.39% + 3.65%, and the stability experiments carried out in batch mode showed that both the activity and the
stability had been improved.

Key words: lipase; gold nanoparticles; sodium borohydride; hybridases; glyceryl ferulate
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