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Intfroduction

We propose a bienzymatic cascade process for converting monoterpenoids into flavor and
fragrance products

o) OH
_ OH
lipase, H,0, hydrolase, H,0
octanoic acid
'

(R)-(+)-|im0nene limonene oxide |imonene_1’2-dio|
1. The lipase indirectly catalyzes the substrate

2. The hydrolase directs the transformation
epoxidation by transforming the fatty acid present of limonene oxide toward obtaining
in the system into the corresponding peracid preferentially (1R,2R,4S)-limonene-1,2-
using hydrogen peroxide diol




o A sample contains:
Sample preparahon *1.6 M substrate

1.6 M octanoic acid
*0.44 mM H,0,
*4.39% v/v lipase
«2.81% v/v hydrolase*
0.1 MPBSpH 8

*some studies were realized on a monoenzymatic system

Procedure:

1. Reaction: 24 h, 25 -50 °C, 1000 rpm (thermoshaker)
2. Pretreatment after reaction:
e extraction - 1:1 = sample : ethyl acetate - 30 min mixing at room temperature;

» derivatization™* - 100 pL extract, 150 pL pyridine, 66 uL acetic anhydride - 24 h, 25 °C, 1000 rpm
(thermoshaker)
3. Analysis: GC-MS, GC-FID, GC*-FID

**acetylation step is used only for bienzymatic samples because it increases the resolution for diol isomers for GC*-FID method
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Methods of analysis

GC-MS GC-FID
Uses: * Once the peaks
e Structural elucidation are attributed,
of sample components this is the
« Samples are analyzed preferred method
after extraction for samples
analysis

!

« Stationary phase of GC column
(5%-phenyl)-methylpolysiloxane

v" (R)-(+)-limonene conversion
v limonene oxide yield

GC*-FID

Uses:

* Determination of
enantiomeric excess of
S/R limonene-1,2-diol

* Only acetylated
samples

« Stationary phase of GC column
B-cyclodextrin modified with S-

hydroxypropyl

v' Limonene-1,2-diol yield
v" Enantiomeric excess (e.e.)
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Meth OdS Of dﬂCllYSiS e Calibration curves for the evaluation of limonene biotransformation

GC-FID GC*-FID
Calibration curve for limonene oxide —_— leonerje ” Calibration curve for (1S,2S,4R)-
(GC-FID) conversion (%) (+)-limonene-1,2-diol (297.0%)
B c; limonene — ¢ curve 5 HE0O
2 5.E+07 = BE+07x - 3E+06 i imonene @ -
S L eror 05019 CY% = - x 100 £ 3.E+06 F=0.30
S 3.6407 G limonene >, 3.E+06
2 2E+07 S 2.E+06
S 1.E+07 = 2.E+06 y = 973228 + 83516
g OE+00 . . 0 ?D/ 1E+O6 R2209983
E 0 0.2 0.4 0.6 0.8 i Diol yleld (/0) S 5.6405
& Limonene oxide (M) Cdmlcurve ” F § 0.E+00

Yielddiolo/o — % 100 0 1 2 3 4

C: limonene (1S,2S,4R)-(+)-limonene-1,2-diol (M)
1
Calibration curve for (R)-(+)-limonene . . .
(GC-FID) —— | Epoxide yield (%) * The enantiomeric excess is
_3E+08 obtained from the chromatogram
€ 2E+08 V:iiogg'ggim(a ) T CepoxideCUI'VE
S 2 E+08 yleldepoxide Yo = . *100
g c; limonene
S 1.E+08 " " "
S o » This calibration curve has a
S 0.6+00 @80 correction factor (the substance is
= 0 1 2 S 4 . .
= (R)-(+}limonene (M) not commercially available
peakarea S — peak are R anymore)

ee% = *
peakarea S + peak are R 6




Free enzyme vs Immobilized enzyme

Samples: Biocatalysts
1.6 M substrate 1.Lyophilized lipases (43.89 ug/mL) from:
-1.6 M octanoic acid * Aspergillus niger
*0.44 mM H,0, * lipase A from Candida antarctica
«4.39% v/V lipase * lipase B from Candida antarctica
0.1 M PBS pH 8 2.Immobilized lipases (11 mg):
* Lipozyme® TL IM -Thermomyces lanuginosus in silica gel

*  Novozym® 435 - lipase B from Candida antarctica in PMMA
* Transenzyme - Geobacillus stearothermophilus in acrylic

1. Reaction: 24 h, 25— 50 °C, 1000 rpm resign

] * Lipozyme® RM IM -Rhizmucor miehei in anionic exchange
2. Pretreatment after reaction: resin
 extraction - 1:1 = sample : ethyl acetate * lipase from Candida cylindracea in sol-gel

o * lipase from Pseudomonas cepacian in sol-gel
—> 30 min mixing at room temperature;

3. Analysis: GC-MS, GC-FID




Free enzyme vs Immobilized enzyme

Best performance:
* Free enzyme: lipase B from Candida
Conversion of (R}-(+)-imonene antarctica (16% limonene conversion,
4% yield in limonene oxide)
* Immobilized enzyme: Novozym® 435
(40% limonene conversion, 17% yield in
limonene oxide)
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Limonene oxide yield
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What we choose:
1. Lipase from Aspergillus niger
(used in previous bienzymatic

[N
o

o1

0 system)
Li f Li Af Li Bf Li ® N ® Li ® T | bilised | bilised
Aerglus  Gandida  Gandida  TUM| 435 RMM  lipaseiiom lipaserem 2. Novozym® 435 (best overall
niger antarctica antarctica Pseudomonas  Candida
cepacia cylindracea resu ItS)
: 3. Lipozyme® RM IM (good
free lipase pozy (&

immobilised lipase conversion and yield)

v" Immobilized enzymes provide higher enzymatic activity




Effect of reaction temperature on the enzymatic process

Monoenzymatic samples:

1.6 M octanoic acid

*1.6 M substrate

0.1 MPBSpH 8

*Lipase:
o 43.89 ug/mL solution lipase Aspergillus niger
o 11 mg Novozym® 435, Lipozyme® RM IM

*0.44 mM H,0,

Samples without biocatalyst:
e 1.6 M octanoic acid
e 1.6 M substrate
e 0.1MPBSPpHS8
* 0.44 mM H,0,

Samples without hydrogen peroxide:

*1.6 M octanoic acid

*1.6 M substrate

0.1 M PBS pH 8

*43.89 yg/mL solution lipase Aspergillus niger

1. Reaction: 24 h, 25 - 50 °C,

1000 rpm (thermoshaker)

2. Pretreatment after

reaction:

e extraction - 1:1 =sample:
ethyl acetate - 30 min
mixing at room temperature;

3. Analysis: GC-MS, GC-FID

!

We tested the system behavior at the
following temperatures:

v 25°C

v 30°C

v 40 °C

v 50°C



100

Effect of reaction temperature on the enzymatic process

< 80 m250C ™ 300°C
é 60 m400°C m500°C
E 40
§ 20 I I I
’ Lipase from Aspergillus Novozym® 435 Lipozyme® RMIM Without biocatalyst Without H202 (Asp. niger)
niger
Limonene oxide yield (%) 25°C 30°C 40°C 50°C
Lipase from Aspergillus niger 3 3 3 3
Novozym® 435 17 22 9 9
Lipozyme® RMIM 6 5 3 4
Without biocatalyst 3 3 3 3
Without H,0, (Asp. niger) 0 0 0 3

Best:

 Temperature: 40 °C
(Novozym® 435,
Lipozyme® RM IM)

» Performance overall:
Novozym® 435

* Yield decreases at 40 °C
(higher energy input —
epoxide is transformed)

What we choose:

* Reaction temperature 40 °C
(more than half of limonene is
converted)
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Possible bienzymatic systems

A sample contains: Combinations:

*1.6 M octanoic acid *Novozym® 435: 40 °C
*1.6 M substrate & Re-LEH
"Lipase: % Tomsk-LEH
o 43.89 ug/mL solution lipase Aspergillus niger «Lipozyme® RM IM: 40 oC
o 11 mg Novozym® 435, Lipozyme® RM IM & Re-LEH
*2.81% v/v hydrolase (Re-LEH, CH55-LEH, Tomsk-LEH*) & CH55-LEH

*0.44 mM H,0,

J

s Tomsk-LEH
*Aspergillus niger: 25 °C (previous system)
Procedure: * Re-LEH
1. Reaction: 24 h, 25 -50 °C, 1000 rpm (thermoshaker) o CH55-LEH
2. Pretreatment after reaction:
e extraction - 1:1 = sample : ethyl acetate - 30 min
mixing at room temperature;
e derivatization - 100 pL extract, 150 plL pyridine, 66 pL Goal§: _
acetic anhydride - 24 h, 25°C, 1000 rpm L. H!gh Sl_JbSt_rate conversion
(thermoshaker) 2. High diol yield

3. Analysis: GC-MS, GC-FID, GC*-FID 3. Enantiopure diol

*thermophilic
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React.t°C Lipase Hydrolase ee%

Possible bienzymatic systems

Novozym® CH55-LEH 96
Aspergillus niger: 25 °C 40 435 Tomsk-LEH 89
* Low conversion Re-LEH 89
* Good diol yield Lipozyme® = CH55-LEH 88
« Good ee%
=0 RM IM Tomsk-LEH 89
m Conversion of limonene
Re-LEH o7
40 Yield of limonene oxide 25 Aspergillus CHS55-LEH 89
niger Re-LEH 91
m Yield of limonene-1,2-diol
= 30 Best:
‘320 *Novozym® 435 - CH55-LEH (40 °C)
£ *Lipozyme® RM IM - Re-LEH (40 °C)
g 20
10 I I I I I
’ CH55-LEH Re- LEH Tomsk-LEH CH55-LEH Re- LEH Tomsk-LEH Re-LEH CH55-LEH
Novozym® 435 40 °C Lipozyme® RMIM 40 °C Aspergillus niger 25 °C
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Conclusions

1. The behavior of free compared to immobilized lipase enzyme

* the immobilized enzymes provide higher enzymatic activity, converting larger amounts of
substrate compared to the free (dissolved) enzyme;

e Novozym® 435 and Lipozyme® RM IM exhibited good ability to transform limonene into
limonene oxide.

2. The influence of reaction temperature on the system efficiency

 the immobilized lipases managed to convert more than half of the substrate present in
the sample at a temperature of 40 °C;

3. The possible combinations of lipases and hydrolases for a bienzymatic cascade process

* promising results were obtained for the couple
Lipozyme® RM IM and Re-LEH
Novozym® 435 and CH55-LEH
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Future perspectives

Bio-composite characterization
* Enzyme loading

* The attachment of the second enzyme * Recovery of the enzyme activity
(hydrolase) to the immobilized lipase « Structural characterization (ex. FTIR)
composite.

Promising candidates:

« Novozym® 435 - CH55-LEH Bio-composite tests
« Lipozyme® RM IM - Re-LEH  Evaluation of the bio-composite for

the limonene biotransformation

Thank you for your attention!
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