Development of Process of Biovanillin Production
from Agricultural and Forest by-products
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SUMMARY
(P &8 oFF)

Vanillin (4-hydroxy-3-methoxybenzaldehyde) is one of the most important
flavors used in food, pharmaceuticals, and cosmetics industries. Natural vanillin is
derived from the vanilla beans. Because of the climate-limited cultivation and
labor-intensive process of vanilla flavor, vanillin is mainly of synthetic origin. In
recent years, owing to the increasing demand for healthy and natural food,
biovanillin produced from natural raw materials by metabolically engineered
microorganism or plant tissue culture is expected to substitute for natural vanillin.

The most intensively studied process for producing vanillin by
bioconversion, which then can be designated "natural”, is based on the substrate
ferulic acid (4-hydroxy-3-methoxy—trans—cinnamic acid). Ferulic acid is the most
abundant hydroxycinnamic acid in the plant world and occurs mainly in cell walls
covalently linked to lignin and other polymers. Several different pathways have
beenproposed for the degradation of ferulic acid. The genes consisting of the
CoA-dependent pathway, fcs and ech, encoding feruloyl-CoA-synthetase and
enoyl-CoA-hydratase/aldolase respectively, can catalyze the conversion of ferulic
acid to vanillin.

In our study, the fcs and ech genes were cloned from Amycolatopsis sp.
HR104 by PCR, transferred to pBAD24 expression vector, and then resulted in
pDAHEF. The recombinant E. coli harboring pDAHEF was used for wvanillin
production. In order to optimize induction condition of the recombinant E. coli, we
investigated the concentration of inducer, arabinose and induction time on vanillin
production. The optimum condition of induction was 0.2% arabinose induced at 18
hours of cultivation. Vanillin production was also maximized when 0.1% (w/v)
ferulic acid was fed at induction point of 18 hours during cultivation, about
400mg/L of vanillin was obtained. Also, galactose as C-source and less complex
media may assist the production of vanillin.

Both of the genes cloned from Amycolatopsis sp. HR104, were also
transferred to pTrc99A expression vector, which resulted in pTAHEF. The



recombinant E. coli harboring pTAHEF converted 0.1% and 0.29% ferulic acid to
650mg/L and 1200mg/Lof vanillin, respectively. Because vanillin is a highly toxic
substance for most bacteria, it is possible to use some nonionic resins which
enable vanillin to be trapped and its concentration to be maintained below the
threshold of toxicity. Vanillin production increased with the use of XAD-2 resin,
and 18.1g/L of ferulic acid was converted to 9.2g/L of vanillin using 10g XAD-2
resin under mimicking resting cell bioconversion. Citrate synthase gene gltA was
also proved to increase the production of vanillin.

As mentioned above, vanillin is a highly toxic substance for most
bacteria. There was a notable inhibition of E. coli at a vanillin concentration of
0.1%6 and the cell was no longer able to grow at concentrations higher than
0.25%. Therefore, we made the E. coli mutant which could grow at a vanillin
concentration of 0.2% through NTG mutation increasing the tolerance of cells to
vanillin. The highest yield of vanillin was obtained with the E. coli mutant
harboring pTAHEF when it was cultivated for 48 hours in 2YT media containing
ampicillin at 37C using shaking water bath with agitation of 180rpm. Under this
cultivation condition, 1.94g/LL of vanillin was produced from 0.3% ferulic acid.
While using the normal E. coli, only half amount of vanillin was produced from
the 0.3% ferulic acid.

In order to minimize the toxicity of vanillin on its producing recombinant
E. coli, a new bioreactor was developed. It is composed of two vessel for cell
growth and continuos extraction of vanillin. When ferulic acid was supplied into
the culture using the new bioreactor at concentration of 0.22% every 12 hours,
6.2g/L of vanillin was obtained.

In order to efficient extraction and purification of ferulic acid from
agrocultural by-products including sweet potato tissues. Among agricultural by
products and forest species that are potential sources of ferulic acid, sweet potato
is probably one of promising, since it contains the high amount of phenypropanoid
and ferulic acid. Chemical and physical treatment have been tested to improve
ferulic acid release.

Qercus variabilis was possess of most abundant of acid insoluble and acid



soluble phenylpropanoid compound among the selected hardwood species. @.
variabilis was suitable for this study, because this species was easy of supply in
side of actuality.

Vanillin was final product of this study, and to production of vanillin,
sweet potato stem thought to the most suitable source because of edible resource.
However, amount of phenylpropanoid compound from sweet potato stem was
lower than other agricultural by-products. But in Korea, food- and drug-related
products or permission and registration of the materials were necessarily limited in
the resources which is eatable. But, contents of phenylpropanoid compound from
agricultural by-products such as tomato or sesame stem were consisted over 25%
of total raw material weight.

Both Extract yield and phenylpropanoid compound yield was risen from
sulfuric acid addition reaction, but clear relation was not appear between both
yield from acetic acid addition reaction. From the condition which does not
consider an economic problem, it was decided that using the alkali for 90 min at
room temperature was most profitable. At this time, the yield of phenylpropanoid
compound was 4035 mg, the value was approximately 40% when this changes
into dry weight basis of input materials.

Also when using the alkali was react at 1207C, yield of phenylpropanoid
compound was higher, approximately 2.5-fold, than reaction by acid. Finally, to
optimal production, the condition of alkali treated reaction from sweet potato stem
was profitable than pre-treated lignocellulose, and to production of ferulic acid, it
was decided that pre-treated lignocellulose material used only distilled water in
short time high temperature (120TC) was profitable than sweet potato stem.

In this results, it required about #¥20,000 won for production of lg ferulic
acid from pre-treated lignocellulose. The method with material as pre-treated
lignocellulose was reduced approximately 50% of expenditure than production of
ferulic acid from sweet potato setm. Most of the cost was reactor which
constituted electric charges of room temperature stirrer equipment and collection

equipment. Therefore it is thought that scale up is enough to economical



efficiency.

Finally, most of phenypropanoid compound was 95% exceed the ethyl
acetate insoluble fraction. To separate and purify of ferulic acid which is
manufacturing material of bio vanillin from sweet potato stem and woody material
one of the agricultural and forest product biomass materials, liquid-liquid
chromatography and liquid-solid chromatography technology was applied however,
it could not get a satisfied results. Thus, in this section, multi-solvent extraction
(liquid-liquid chromatography) and silica-gel column chromatography (liquid-solid

chromatography) were consecutively applied to separate of ferulic acid.
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ol&d Ao=w Hwpsta Ut
A videt (vanilla) &2 WA =27 AR Vanilla fragrans, V. planifolia,
V. pompona, 1213l V. tahitensis &3 %22 F¥ (Orchidaceae) 2 &9 ALz ol A
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vhdel AE Ads afde] dide] e wide F2 FARSEA vanillin
(4-hydroxy-3-methoxybenzaldehyde)®} 7]E} vanillic acid, p—hydroxybenzaldehyde,
p-hydroxybenzyl methyl ether & ¥3%stal glom 1 3183 Fx9} 3L Fig.
2 % Table 29 #t} Table 20 Wetd A& oleld w&F 37 AHEo= oF 170

Fo w4 WREFEel P FAu Ak

Table 1. Industrial Application of Vanillin Flavor

e AE 25
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& G5, BAE WA, A5, SHA S
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(A)

(B)

Fig 1. Molecular structure of vanillin (A) and its producer, green vanilla pods (B)
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HO OOH CH.,OH

OCH; OCH; CHj
OH OH OH
Vanillin Vanillic acid Vanillyl alcohol
CHO COOH CH;0H
OH OH OH

prhydroxybenzaldehyde p-hydroxybenzoie acid p-hydroxybenzyl alcohol

Fig. 2. Chemical structure of major vanilla flavor compounds
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Table 2. Major components of cured vanilla pod

Component Content (g/kg)
Vanillin 20
Vanillic acid 1
p-Hydroxybenzaldehyde 2
p~-Hydroxybenzyl methyl ether 0.2
Sugars 250
Fat 150
Cellulose 150-300
Minerals 60
Water 350
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Table 3. Companies producing vanillin flavor

1 ESC Agenetics Corporation, San Carlos, CA, USA
2 David Michael Co Inc, Philadelphia, PA, USA

3 Nielsen-Massery Vanilas Inc, Waukegan, NJ, USA
4 Premier Vanila Inc, East Brunwick, NJ, USA

5 Viginia Dare, Brooklyn, NY, USA

6 Gernot Katzer, USA

7 Aust and Hachmann Ltd, Montreal, Canada

8 Food Research and Development Centre, Quebec, Canada

9 Haarmann and Reimer (H&R), Holzminden, Germany

,24,



Table 4. Market estimation of vanilla pod producion from Vanilla fragrans and V.

planifolia for flavor use

Company Production (t/a)

Madagascar 950 - 1400
Indonesia 150 - 300
Comoros 150 - 200
Tonga 30 - 40
Mexico 20 - 40
Uganda 20 - 40
Fr. Polynesia 20
Reunion 20
India 10 - 30
China 10 - 20
Costa Rica/Guatemala 3-5
Others 300 - 800
Worldwide 2200 - 2400
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o] HWIMHE guaiacoldl glyoxylic acidE £o]il AF3A]A  4-hydroxy-3-
methoxymandelic acid= 2A1Z] th THA] nitrobenzen©] Y copper oxide® 4F&}A]
A vpdd S AatsteE ol

A 3 A ulolQ upgdHe WA

Al e w= o] A

= T

ATAAE 2 A48 & + e Ao A%sn Yk @A AFHIL U vl o
Ul
=

d
ol gk A7k Edsioh AA7ZEA e AT L = $Fsithal JrtkE
v A &0l = Pseudomonas sp., Amycolatopsis sp., Streptomyces sp. 52 A< H]
Foke] o] wgolel awUE e o I tAbE =t kel AR e A
ATk EHA e HEA (ferulic acid) — vhdd 1Fe] tAE == nonoxidative
decarboxylation, CoA-dependent deacetylation, side chain reduction,
CoA-independent deacetylation®] 47}A7} At} (Fig. 3). vlE @2 phenylalanines
AREA=R o] oe phenylpropanoid ATAE=ZFEH AFAE Hroh o 7HA
phenylpropanoid T4 Al =7HA] 7F&d] A Ao de EX3n = E2E v
g AMS 9% d5R ARRT 5 Stk AQAlAA L o] o gad o T
A Eo) 7% 3t eugenol ¥ ferulic acidZ2H-E mlddo] o2& A 7 B
W Fig. 43} 2t} Fig. 494 yetd bpddd AT AFAE 2840
vhdd A #EE 24 FAAE AXFATIE dAbe A el ofs) Hh

agAoR wdUS ANT & 9l
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Fig. 3. Four different pathways from ferulic acid to vanillin
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Fig. 4. The route from eugenol to ferulic acid and from ferulic acid to vanillin and

its degradation into protocatechuic acid in Pseudomonas sp.
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Table 5. Biotransformation of phenylpropanoid compounds to vanilla flavor using

microorganisms
Microorganisms Substrate Product
Aspergillus niger ferulic acid vanillin
Pseudomonas acidovorans ferulic acid vanillin
Pseudomonas fluorescens ferulic acid vanillic acid
Spirlina platensis ferulic acid vanillin
Haematococcus pluvialis ferulic acid vanillin
Serratia marcescens ferulic acid vanillic acid
Streptomyces setonii ferulic acid vanillin
Pseudomonas sp. eugenol vanillin
ferulic acid
Brentanomyces anomalus caffeic acid vanillin
coumaric acid
Proteus vulgaris m-methoxytyrosine vanillin
Arthrobacter globiformis eugenol vanillin
Penicillium simplicissimum vanillyl alcohol vanillin
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(A)
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FPreudemaones paitada KT2440
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Fig. 6. CoA-dependent deacetylation pathway (A) and its constituent genes

(B) used for vanillin production in the project
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Table 6. Strains and plasmids used in this study

Strain or Plasmid Relevant chracteristics Soureeon
Reference
Strains
ﬁglyoczlatop&s R Wild type, ferulic acid positive@ DSMZ
F ®80d/acZAM15 A(lacZYA-argF)U169
E. coli DHba deoR recAl endAl hsdR17 (rx , mg') ATCC
phoAsupE441™ thi-1 gyrA96 relAl
E. coli DH5a mutant Tolerant to 0.2% vanillin This study
Plasmids
pBluescript SKII(+) Ap" /acPOZ, T7 and T3 promoter Stratagene
pBAD24 Ap', araC promoter Gléztu;rllan
pTrc99A Ap', trc promoter Stratagene
pBluescript SKII(+) harboring PCR
pBAHEF product comprising ech and fcs from This study
Amycolatopsis sp. HR104
pBADZ24 harboring ech and fcs as a .
pDAHEF Nhel-EcoRI fragment from pBAHEF This study
pTrc99A harboring ech and fcs as a
Nhel/MungBean-BamHI fragment from .
pTAHEF pDAHEF inserted into This study
Ncol/MungBean-BamHI restriction sites
pBluescript SKII(+ )harboring PCR
pBgltA product comprising g/tA from E. coli This study
K12
PTAHEF-gltA pTAHEF harboring g/t4A as a Xbal-Pstl This study

fragment from pBgltA

x Amycolatopsissp. HR104 is able to utilize ferulic acid as sole carbon

for growth.<4>

,45,
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1}, Lignocellulose 98258 vtdd AFA Ai7] < 7

1) zbel o3 dge] dAe % A=A dee ¢+

7h 5 R AR

O A 482 AF"E A FAEQ uintE7|E FrhA A FHst Ao
lem® 22 ohg, ARolA F&3 dxste AMgEAT (& 7.0 - 80%).

N1AE 329v 7]+ Willey mill2 #33Fe] 40 mesh pass - 80 mesh on &

= MR ZEste] sAAERE AHEelt

L) Abell og dAe 2 odsEA dee aE
O aA7wE7] 2 (AAFTH)ES 250 mL ZekxAo] FYskar 0.0125N, 0.025N,

0.05N, 0.IN¢] #4F E&= 2AHENS 50 mL H7Fske] 120TCeA 242 15, 30, 60

N

A, Azl FE2F 542 F4dGon, oY AEy FFE FEL ZH5]
S 100

L2 %A 3 t}S, UV spectrophotometer (U-3000,

3

Hitachi Ltd. Tokyo, Japan)Z& AF&3}e] 208 nmolAd T3 =S ZAHs9H. HAEA
stet s ske wigl FA 9 lignosulfonic acid (Sigma co)A =A (Fig. 7, 8)& ©]

goko] whg A RQE ARe AAFFL JFOR sho] At

,4’77



nm

Fig. 7. Ultraviolet (UV) spectra of lignosulfonic acid (LSA)

2.0
@208 nm
280 nm
1.5 P
o y =3.3303x
§ 2 Conversion coefficient 0.801 (SO3)
S 1.0
2
e}
<
0.5
0.0 N A A A A A
0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875 1.000

Concentration of lignosulfonic acid, mg/25 mL

Fig. 8. Calibration curves of lignosulfonic acid (LSA)
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2) elol 9% dre] AAY % A=y 3dE 7&

7hH 987 3 eA AR

O

D PUtEAE FrklA AR FRskel Aol

i
off
2
4
r >
i
r o

#HA 985z A%
lemz A2 v, AZAA FE3d] Adxzste AEstan (854E 7.0 - 8.0%).
119 v 27| Willey mill2 24 38te] 40 mesh pass — 80 mesh on H-#

2w RS FAARE A3

W &gl dAe 2 odAsEd sde TE

O

A 7] 2g (AT
0.05N, 0.IN®|] “Atshte 2
60 &<t WHEAF T B A2uES 915to] 1N, 2N, 4N FAISUEE &
50 mL F7Fste]l oA 15A1%F, 3AIZE, 6A1ZE REGAIATE old 55 +&
2 HEA FTE FE2NS FE8 5 2G3 glass filter® o33 S FHSER
8 A, Axste] FEE TS AN, A= dE FES 54
37 ¢ete] oo FFS 100 mLE %A 3 e, UV spectrophotometer

Y2 =AY

(U-3000, Hitachi Ltd. Tokyo, Japan)E AF&3}lo] 208 nmolA 34

ot A=Al s e ng ZA " lignosulfonic acid (Sigma co.)7 HA
(Fig. 7, 8)& ol&3te] Hbg A Fdd A5 HAAFFS 7ITo2 3t ALtst

At

3 Y 57 AAY @ A5 Hsd e F=

H

7H 982 2 FAAR

O Y 719 (72 aAh)ez2HE AT 19t 357 A2 ¥ lignocellulose ¥ &

(ZFFFANE ALoA N1AXNZ e, Willey millE #2138t 40 mesh on - 80
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mesh pass F&#<& Halsto] FAAEE AL

d
lo
"
e
SE
-
g
ox.
ot
o
il
lo
n
o

) s s

Z7st7] 98kl o #el FHFS 100 mL2 274§ e, UV

o

4 e FES

FEE SA89AY. dHEd g3E g vy #AAE  lignosulfonic acid

oot

H
(Sigma co)A &4 (Fig. 7, 8)& o83l dtg A FdE A5 HAAFZEHS 7]

Tor sho] Arteit

O FEE9 UBE AHHet] pH 65 - 75 & AT the, 4ufEe] oS Hr}
b 5000 RPM, 1089 7oz 94
NS wz Hglsto] HPLCE AM&ste] # &4 3k

PN < 24389
FEAZHALS TSK gel ODS-80(4.6mm x 25cm, Tosho) column= AM&3F1 1L,

detector 280mmoll Al A&k tl o] Ao 2 solvent AE 5% glacial acetic acid,

solvent B methanols AF&3t4th. T3 ¥+ FEH 2= vanilling vanillic
acid, ferulic acid®} cinnamic acidE A}&3t9oH, o5 33E2 Sigma co.ZHF
H Fsto Algstan. 72 2 EAe] HEFg42 Fig. 9o YERch

& 9] HPLC chromatogram< Fig. 109 “}E}W

=5
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Fig. 9. Calibration of phenolic compounds contents by HPLC analysis

L+

b -

Fig. 10. Standard curves of vanillin, vanillic acid, ferulic acid and cinnamic acid by

HPLC 1; vanillin, 20.59 min., 2; vanillic acid, 22.37 min., 3; ferulic acid, 24.32 min.,

4; cinnamic acid, 28.93 min.
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8) A=Asge F5 R AG7IZ

b w2719 A=y AHE i

)

713 10goll 0.05N HoSO4&9 250 mL& #7Fste] 120TCell A 303t

a =
Zlsldet. WSES 17Gl glass filterE o] &3l HAle} FHES FE &AL F

5L 50CAA 50 mLE 7Y =35kt =59 150 mLY ethanolS A7}
o] /3] wwrdt the 3000rpmol A 2587 GAR st AAES A AL
Sl 40ColA 30mLE 7t 5538t duA sEdEs 533t

b BAARe =Y G E F3

O nFAYH 24 98 10gol FHFF 250mLS H7bate] 120TAA 1583 A28

Atk HEEL 17G1 glass filterg ©] &3t A} F2ES wE8da F5&

< 50CelA 50 mL= 2S¢t sFstAth. w5=°l 150 mLe| ethanols %7}t

Z823 Wit S 3000rpmoll A 2557F Al REste] A AES A AL L5
T 40TelA 30mL= et Fw5ske] Hed sges g5

th pHSE A7) 3ol we g2 W3}

O vk F7] e A" Hd 945 10go dAY FEFEWM(LTrEETI:
0.05N H,SOs, BAA & SFFF) 250mLS 7Fete] 120TCel A zhzh 158, 30% A g
sk & 17Gl glass filterg AFg3to] ZHxpe} o ypols Fejelddt. o 7o 3u)

%3 & 1M NaOH¢ 1M CH;COOHZE AM&3te] z+zb pH 3.0% pH 72 =4

St I g A2dAM 0, 12, 24, 4877 AF ¥ 38] %9 ethanolg 7}35H¢]

ethanol 7}45F& ®Eoy 7143 = oAl LA G000 pm, 1583 34

1A &S Al Aste] HPLC 4 Al52 AFg39th

=

o

Nt

9) AA - AZvtE 1Y
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O

NB(FEY HAsA 3dE)= Ao wil n-hexane, ethyl ether, chloroform,
ethyl acetateE AFE3le] T£AA oz v FZFE0mL x 33])3FS T Soluble
fraction®} insoluble fractionS 2|3l n-hexane soluble fraction, ethyl ether

=i}

soluble fraction, chloroform soluble fraction, ethyl acetate soluble fraction %

ethyl acetate insoluble fractions 25315 tH(Fig. 5).
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Extracted phenolic
compound

n-Hexane

1-Hexane Insoluble fraction
soluble firaction

Ethyl ether
| |

Ethyl ether Insoluble fraction
soluble frac tion

Chloroform

Chloroform Insoluble firaction
soluble firaction

Ethyl acetate
! |

Ethyl acetate Insoluble fraction
soluble fraction

Fig. 11. Fractionation scheme of extracted phenolic compound.

O Zt fraction®] &2 FYE FE5E A THE 7122 3o 54 fraction
o] A FHF9 vEEA FEsF oM (4 1), HPLC #4& $138t9 7 fraction<

TollA s=3t9t (Fig. 11).

o
(@)

S —

P21 Y1

Yied % -~ "~ gs5, WO 00—-o¥- 41
S FFE A AR AUFF (g)

Syt FE ST AR AUFF (g)
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10) AA-1A) AEZnE T

7b) TLCE o] &3t s gu &

O

ANEr] 25 A dsEA 3gEe FFEH(vanillin, vanillic acid, ferulic acid,
FH g54 A=A dE 2 a9

=
712588 539 A= JFTES &9 (Ethyl acetate:Methanol=6:4; Ethyl

cinnamic acid)®] & A7, ZZH9=8

acetate:Methanol=7:3; Ethyl acetate:Methanol=8:2; Ethyl acetate:Methanol=9:1)9l|

Q1 ¥ silica-gel TLC plate(silica-gel Fass, 0.5 mm, Merck, Germany)oll Al % 7l

I

ol

}deh. Al&mli= Ethyl acetate®t Methanol &3 -&vl(Table 7)& Al-&3}% 2
W, Z2uE 29 UV 325nmoll A Z4 3543

Table 7. The mobile phases studied

No. Solvents

1 Ethyl acetate-Methanol (6:4, v/v)
2 Ethyl acetate-Methanol (7:3, v/v)
3 Ethyl acetate-Methanol (82, v/v)
4 Ethyl acetate-Methanol (9:1, v/v)

ANEW 25 B vlsA sEe X+ E (vanillin, vanillic acid, ferulic acid,
cinnamic acid)s S&3tAY 2H7FS & ethanolol =<1 %, silica-gel TLC
plate(silica—gel Fass, 0.5 mm, Merck, Germany)E A}&3Fe] d7lstdch oo
A7)8m+= n-hexane, ethyl acetate ¥ formic acid &3%-&uj(Table 8)& A}-&3}

Ao spote] &<1S 9]8te] UV-illuminator (325 nm)E AHE3FA

,56,



Table 8. The mobile phases studied

No. Solvents

n-hexane-Ethyl acetate—formic acid (50:50:0.5, v/v/v)
n-hexane-Ethyl acetate-formic acid (50:50:0.8, v/v/v)
n-hexane-Ethyl acetate-formic acid (80:50:0.3, v/v/v)
n-hexane-Ethyl acetate-formic acid (80:50:0.5, v/v/v)
n-hexane-Ethyl acetate-formic acid (80:50:0.8, v/v/v)
n-hexane-Ethyl acetate—formic acid (100:50:0.5, v/v/v)
n-hexane-Ethyl acetate—formic acid (150:50:0.5, v/v/v)

0 I & O b~ W N

n-hexane-Ethyl acetate-formic acid (150:50:0.8, v/v/v)

L) oA -aiA] AR vhE e

O MNEBE(FZEH dAsA 33E)E n-hexaneiethyl acetate:formic acid = 100:50:05 &
ol =o]il, Silica—gel 60(particle size: 0.063-0.2 mm, Merck, Germany)
Column (21 cm x3 cm)ol ZYW ¥ n-hexaneethyl acetate:formic acid =
100:50:05 &vjE A/NEu]l2 AF83}o] fraction volume 30mLZ #FH3lATh &
# ¥ fraction®] UV FFE==4-2 U-3000(Hitachi Co, Japan)S Al-&3to] &4 3}
Z2 280nm, 325nm= 33Tt

11) Ferulic acid®] & 9 A A

O AE(G=49 AsA 31dE)= -9 ma=ZulE 185 (n-hexane, ethyl ether,
chloroform, ethyl acetate)E %3} ethyl acetate soluble fraction?S 2|3}
40CoA ZFAE5=U0T, ImL)3AT. 2 ©S FFAEZ n-hexane : ethyl
acetate : formic acid = 100:50:0.5 &wjo] &A1}, 5L &2 Silica-gel
60(particle size: 0.063-0.2 mm, Merck, Germany) column (21x3cm)ol =4 &}

=8  fraction volumeg 30 mLE 3}o] EFH 3 233 fractione
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12)

>

UV-spectrophotometerE AF83F4] 280nm<} 326nmolA 2442 3 =5 SAH3HA

FEE V]FS®E fractions IwEE FESATG. T

ool

o
=)

s =
55 HPLCEA 8l ferulic acid®] HA §& 2 =8 FHASAL

HPLC #4

AlgEAe A5 HPLC system< GilsonAt9] operating system, UV3000 73
7] % Unipoine software® AH&3atar, #41 Zge TSK gel ODS-80™ (46
mm x 250mm, Tosho)S AF&3AT EAARE AIEFYVE o] &3le 10uL
Z3tds o] 54 A, methanolS

i

At o] 522 acetic acid/water (5/95, v/v)

o
];]' [e)Ne]

O

o] BE Alg3te] % 0.8mL/min® = i, A&7 74

At
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transformation

Biotransformation

A A >
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AS5AE Ay 23

L Al 1AEFA (QAES 71ed o838 ¢4 vpddgdasF i)

bl AR fEAEe) S 9 A2 ANEE TS

td e AME 2 FAA7F FHE Amycolatopsis sp. strain HR167, Delftia
acidovorans &5 feruloyl-CoA synthetase A 2} (fes) <F enoyl-CoA-
hydratase/aldolase 3 AHech)E& Z=24Y It Pseudomonas sp. HR199,
Streptomyces setonii~= VFEd UAMEZ FAAE 7HA 3L = Ao Hiax o] A
o2 A" dAarAd, vbdd Aol HAke] w s Hla wg v Jow
deEol ey FAA SRYS AlshA gkt iAol 9ol grE mpdd
A

FAAES =T wdY fRAE] JSAoR WANEAE gk

O

| HolA mbddd Aibsgo] gle diddo] ntdd s v e
ol Delftia acidovorans®] fes®} ech F+31A7F =99 A%
Mol #zw %] ¢koktt. wrEl A | Delftia acidovorans®] WhE

How HAHA F= AS LUt

>

olr

Amycolatopsis sp. strain HR1679 fes®t ech FHAE St A oA =
promoter?] ZHo] Awdt wawWElel pBAD24ol A4 pBAD-AHEFS 3
i, pBAD-AEHF7} =% Axg dgddS ol&ste aidd A4k A3S oA

=

—
o
o

o
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Inducer?] arabinose ¥%=% (0-0.2%) A 3olA inducer®] %7} F7t&d+5 vbd

A F7FeF a1, 0.2% arabinose®l 4] 150mg/19] H}”‘j/]o] AbE AT vhd ™
2 HAA 7] HHEE 9814 0.2% arabinoseE WIFAIZE (0, 12, 18, 24 hours)®¥

A7rstdvh. AT A o] F&38] o] Fox 7] 2719 18 hoursel HdHS sk
Aol 7h F9kow, 500mg/1e] riEd o]l AAtE . o] AL viddoe] #HAFA S <
Asks 715& 7HAL oA MFxrlel BdS Fiedhe AL dASAF] Has
ZYst7] wZoltt. wEkA, EdMlE T ALE

o] A= wx P 2T PATFS fEs= o

=
0% #=4F H7beh Aol npdde 850mg/1 /‘ﬁ’\PQ

= , L
Atk LEy, dgees 71@%57} GEFE Ee AWRE RYA 006% AEHS
7

1

HEAS vtddor Al vAEL Delftia acidovorans, Pseudomonas
sp. strain HR199, Amycolatopsis sp. strain HR167(HR104)5-°] 2o, o] oo %= t}
FZFo] RHIFo QY. I F D. acidovorans®t Amycolatopsis HR104%=
CoA-dependent deacetylation 425 2zt lom FHAXe A7/MEE FAF o] 9
t}. CoA-dependent deacetylation 742+ ¥ &4ko] feruloyl-CoA- sythetaseE 4
3= feset enoyl-CoA-hydratase/aldolaseE I Q&= echd F FAXHo g npdd
o7 xﬁﬁ.gug B‘_O?QO]]:]—

D. acidovorans®} Amycolatopsis HR104+= 5L o] DSMZolA +Y3te] vid

d A AFE A% T feset ech THAAE g3at7] 98kl NCBIC| public
database?] 97| <ES AR Z+7e] PCR primers Zﬂz}a/\/ng‘%, PCRE o] &3}
7y #FEZ5H fes® ech FAAES SE9Y. T FHAE= eche stop codon©]

fcs®l start codon® overlap 99+ operon TFERE AL JorE FHAES
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Baax] ora g ZZE 2Z3 $ANEL pBluescriptll SK(+) 224 #E]
of &7 ¥ d7IHES st thAl pBAD24 wEMWEC &7 pBAD-AHEFR
(Amycolatopszs HR1049] fes®} ech +3 A 23)¢} pBAD-DAEF (D. acidovorans®]
pBAD-AHEF®} pBAD-DAEF7} =¥ o+t
o S TEstal vhdd AAAS BEF 23} pBAD-AHEF7F =91€ A =9
dol AirE Ao pBAD-DAEF7} =91d Ax=g il =
| AXE A kTt o] A2 D. acidovorans$t Amycolatopsis HR1042] whd @
FR1AZAAM D. acidovorans®] Ml &l A= vpd o] AL A gokd Ao}
Y. D. acidovorans® fcs$} ech 734 G71A4<E EXAFNAME T FHA}
deletion®l ©] & frame shift &A™l 7F YA A+ AS
vhd e AL fFES 9] A 7 F 71EHAY gRdaE it 7
ldd2 HPLCE o834 Z43or, pBAD-AHEFE =9¢ Ax3 g
HPLC chromatogram 43+ Fig. 123 7t}

—
2
©
8
3‘
>
Kl
_?L
P
r\:l
il
32
i

=
ol

2 1o o I
2N oo

o oox Ml
(o]

L
Mo

jud

npdgle] st Sl WA= GFE A sl DMSOOl &aA1zl
MRS 0 - 1% wEEE Ae drbsidvh. d#AASE 0.1% whdel A of
30% Asf=lar, 025% ol dell = Aol AHstA Xakdlth (Fig. 13). wWehA, i
=k S e E NTG B UV 5dols o83 vhdddel o WS

Zts o) Jhe] Hasit

pBAD-AHEF+= ara promoterE 7FA 3 13, inducer® arabinoseE A}-&3%F
T} Arabinose FxEE ZEstde A5 wAAAGH viEY AAFEES AP0
(Fig. 14, Fig. 15). Arabinose®t #HEAF (0.1%)2 wWjdz7]d F3A).
induction X< arabinose 0.2%°A A d2 okt st o, viddl Ak
150mg/12 A 7F Al Arabinose 0.0002% ©o]&lollAE= vl @& AAakw x| ekt
Hj ¥ %719] induction Aol Fyto] ¥ il '5—’3, A AHEQl upd ”o] w27
HFH A9 AAetERs AAAQ dAgde] #AVE o En. welbA, arabinose
02%E5 H7lete= A71E gdgsto A48 ‘j}‘é‘% Aiks A8k (Fig. 16,
Fig. 17). i zx7]°] inductionAl 7l A3 oA dAAAS 2 vpddd ALk H 47 &
e, 1243k o] %o inductionA| 7] AAFEolM = HABFI nbdd Aako] F7t

o]

stk 53], 2 dAG Gl ofFAA L HAGHE FaHA F2 tiaT] 27
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of 33t 18A17HA inductions 3+ A $-o viEd A4S 450mg/12 HU7F HA
=

Amycolatopsis HR104% CoA-dependent deacetylation 72 Zol|A #HE4k0]
feseb echell 9l&l 4-hydroxy-3-methoxyphenyl-fi-hydroxypropionyl-CoA% ¥ 3 aat
(B-ketothiolase) F+Z A}l 9l3] vld@A o2 H3% &= by passdZ2%E 7FA 3 ). o}
A, aat FARE S 2YSHAL fes, ech?t 87| operono & T4 3% pBAD-AHEFAE
"3l pBAD-AHEFS} W]ttt sbddl kel A o] & Apole] & Aol= glolth.

Z A induction Z7A<l vl 18A| 7HAloll arabinose 0.2%E H7}8t= Z Ao A Hjdx

7ol FFete 7149 HEM] FHFFS 005 - 1.0%=2 LElsdt (Fig 18, Fig.
19). AEAE 1.0%E THe Aol #AASFS 7P SRdAT vpdd AR of
80mg/1= 7HF Eokth wlEAake] T el gk vpdd AN g qAsHd
HEE 1% a3 Aol vpdd ko] Ao ARt g HE4te] H3HE A
oFar wjFoo] HolglojA HAEE&S oF 85%% FHAola, HEAS 0.05%2 FHI
AeolE o 70%= Hhrt IAt (Fig. 20). welA, A2 3328 S7HAAA 1t
4 NG S/MNIIEAE ARES B4 A 98 Bt ¥FS BEs)

£ R7H were] @7k Bastd

A FHEAZ wE vbdd AR dEeS AT (Fig. 21,
Fig. 22). 18X 74| arabinose 0.2%= inductiondli= vl A Z AN A HEA FFA7]
= 0, 18, 24, 36A1 7t 2 3t} 18A17F = induction®} FA] ol S 2
oNA oF 69%% 7MY =S ASES BHAuoH, dAY Dol AT 36t HE

o}
2bE FEEhE AfddE oF 20%E Mg e dEES B
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Fig. 12. HPLC chromatogram of vanillin analysis: (A) Standard peak of vanillic acid,

ferulic

acid, and vanillin, (B) Culture broth of E. coli harboring pBAD-AHEF

,64,



0D,y
e

r~r——+—rr+~rr—rr~—T1rrrrrrrrTrrrTTrrTTT
0 2 4 6 8 10 12 14 16 18 20 22 24 26
Time(hours)

Vanillin Concentration

0% @ 005% A 0.1% W 025% € 0.5% X 1.0%

Fig. 13. Growth inhibition of E. coli DHbn by increasing concentration of vanillin,

final product.
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Fig. 14. Effect of arabinose inducer concentration on cell growth of

harboring pPBAD-AHEF
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Fig. 15. Effect of arabinose inducer concentration on vanillin production of E.

coli harboring pBAD-AHEF
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Fig. 16. Effect of arabinose induction time on cell growth of E. coli harboring
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Fig. 17. Effect of arabinose induction time on vanillin production of E. coli

harboring pPBAD-AHEF
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Fig. 18. Effect of ferulic acid concentration on cell growth of E. coli

harboring pBAD-AHEF
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Fig. 19. Effect of ferulic acid concentration on vanillin production of E. coli

harboring pPBAD-AHEF
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Fig. 20. Effect of ferulic acid concentration on vanillin conversion ratio of

E. coli harboring pBAD-AHEF
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Fig. 21. Effect of feeding time of ferulic acid, 0.1%6 on vanillin
production of E. coli harboring pBAD-AHEF
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Fig. 21. Effect of feeding time of ferulic acid, 0.126 on vanillin conversion

yield of E. coli harboring pBAD-AHEF
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A2 Akt ol &5k it DHono A%
= AdE st Ao A wel i (Fig. 23). webA mdwolo o npdd
R

A e T2 HARAEAME AT A S Xﬂéﬂﬂ—t— npd ol o
3 XA FUlE AAEE Aoew dAddng. a8 18 ATl At DHoadl

b el 9@ ARANES welF Uk v 01% £ aow W& A7t
A AR AN 025%ANE A%l A AsHE A ¢+ AN A

A vtd e DMSOol &alA1A Fg3etd7] wol vl DMSO7F A&of vl

=2

rr

AFe 2AAAAAN 0 - 2% FEE Arben uNZ A% Fo HE OD @
1o o

(¢}
& 24590 AYAT DMSOE A%ol JFE nAA &

Fig. 24> NTG EdWol2 dojz npdd Aol s EAdwo|7 &
5 Huh vpdd AHd Aol FAFHASS HoFu vk BdFe A DHboo:e

H]'lé]% OZ%Q’ 03%7]' @’%% _]vli‘“HHX Oﬂ/q Xg-gv—o] %7}.%—5—}; a} %?__EEO‘I_ZF “NTG”

o o] EAWMolFA A Edde] #AFE FalA Lol ‘NTG-1" EdHolF+
Z+7F 0.29%9F 0.3%¢] Hpd@o] da¥ wA Ao E Aol 5aat. o2A A
£4¢ EdWo] AABE FA GERE TS JFHoE vy LS T =
TR AR Aot

vh vt ¥ A2 2] genomic DNA library 73 vld @ A F4dx 224
Streptomyces setonii= WXA S vldd AakdFo studdoe EFsta
id A A FHAAZF wHA IR Gy vidd AT FRAe SF2YS fElA

Ol

Streptomyces setonii® genomic DNA libraryE T3t} Streptomyces setonii Wi
gelo A HAZS 343l genomic DNAS FE3IF Fo] Saud AISZ random
partial digestione F3s|A t}Ad3s DNA ©@HZZIS A=t} o] DNA HdHZRZAES
high-copy number vector®! pBluescript II SK(+)¢] BamHI siteo] =34 T2

= |
FHAREo] E3tE Streptomyces setonii®] genomic DNA libraryE THET}

O
e
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Fig. 23. Vanillin inhibition on cell growth of E. coli DH5a producing vanillin
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Fig. 24. NTG mutant strain with an increased resistance to vanillin
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X719l F+29 genomic DNA library 258 Al vtdd AT FAxS F
24 317198 Shot-gun methodE ©] &3ttt Shot-gun method= U3
EdE 285 AdEete Alade] dastt vidd A =909
A3k = 9= YA AE o R Acetone-NaOH AW S 7ttt vpd a2 A7) 9
drAHo] odfA Ao WITE Genomic DNA librarys ® sl SE2E
96-well plateol] Al v 9%3Fal Acetone-NaOH A oz dFAAlZl Fof gk og
He FEES vhdd AR FAAE 23R FEoE FAE & Ao w3
Microplate reader?] 430nm 334 FHEE ST ZHN nidd AAAH T #3
Aer 7hsste}. Fig. 2591+ Streptomyces setonii® genomic DNA library ] T4
o]l A shot-gun methodE ©]&3 F2Yol| o2& Jdo] =23tE0o] At} A
genomic DNA library®l 742 @83, °F 3000/ A= ZFES

Acetone-NaOH @Al o 52 A Al 514

.

Fig. 2601+ ¥ AT =o] 71d3k Acetone-NaOH 2w o] nid o] il A

Aol WA A s, ATY 5 YEux ,l\:‘r. Acetone-NaOH He“i”ﬂ%
o o
= [¢]

% acetone, 1M NaOH, A &8 <

)

[u—

W ouhdelo] E3HE ARE wgAo SAHE o e ARE W A
sow At Aol Asdth % B Bmmeld FAEE SAFoRA 4%

!

7}5 3. Fig. 262 Acetone-NaOH @A o] 7]Z el #HEAF w}
vanillate®} vanillyl alcohol¥+= ¥F-3-31#] &kl vl H o] uk-g-wk&
A ehS WojF=al Qlvh Fig. 26(B)= AAl= vt F79] vl il A
EAsE A Solnk wAlo] Hu wAle] Arn npdY FEo] H

o,

A AAA EAsE vAES] k9% 7F AP A= wgFe] BErhEg
FA PSR e vk mebd Aol Ao widAAg S Aefetal AAA
A2 23 DNAZS #H F%3d4 metagenome libraryS 753t F8& F43
At ZlsEe] HT EYHIT T B AFHE G mAEd ST
Ue et H}%ﬂ AEE FAaAdEsES F2Ys7] A8 AdEd A o-/]
AN FEF=E F 36%F2 metagenome librarys & Hst 473 vldd &
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Fig. 25. Scheme of shot-gun cloning of vanillin biosynthetic genes from genomic
DNA library of Streptomyces setonii
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Fig. 26. Selective detection of vanillin and its quantification by using
Acetone-NaOH colormetric method. (A) specific reaction to vanillin, (B)

quantitative reaction to vanillin: vanillin concentration in parenthesis.
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VIR=lS

AL R AEA Al J1%5 A RE, fAAge] AN, S5 AR A

El

r

At B 1 22 Ao FrE vbdd A FAE g el

o] &d By o] RS SDS-PAGEES SellA o s = Ao @d Wee] f55

Lo M= Amycolatopsis sp. strain HR1673} Delftia acidovorans@ -

B feruloyl-CoA synthetase -+dA}(fes)@t enoyl-CoA- hydratase/aldolase 7 A}

(echE F2Y 31, 23 A% A= AJFE Pseudomonas putida®) fes$tb ech 4

g F2Y stk olE #FAAe dwid Y ofFE SDS-PAGEZ #<lskiitt
(Fig. 27).

7 #ZE Yo feso] A Fole ddE e 52 KDagl fAlollA] @il d mert 3y
13L& fes®] WA Fo] w5l A] SDS-PAGE el A ##

Hizolth. ols fFHAE Aol Edlstal wpdd AR s #Ed Ay
Amycolatopsis sp. strain HR1679] %ﬁx}l‘: v S AAEAIRE  Delftia
acidovorans$®t Pseudomonas putida®l FAAEL vldHS AQYAER] 3} o] AL
Delftia acidovorans®t Pseudomonas putida®] VFEH A FHARSo] tf&afol A
ZIsAor weo] X feve As oudt wagA M2 g8 TR 4

el dgulaie g ok AT

o
i3
N
)
olr
¥
N

dirdow nidd Agd 2 2 #4 d A
MAESe] TR7F ARE a tiAE RV BRI o AoR musf gl
o AR 4F9 FHARe] RuET Y Aol oF Witk kAt

Streptomyces  setonii®] genomic DNA library®} metagenome library = 4-E
Acetone-NaOH TS o] &4 ol 7 ow wass vbdd A
A FRdS Alesslth
271 ATARE g eR $&HAFE FEd. FIWES 1) ¥
=

A oatdder dekE s vheS HA 5] A A=A, 71A G

N

=]

A%, pHES 313H QAg Mg, wwsE S ey ddse HHa 2)
MY FHow ot #Al BT AEel AW 2AE BAe7] Sdste A%
AEel A%A H57h AAed £E ARG Aot



Fig. 27. SDS-PAGE of protein expression of fcs and ech from Amycolatopsis sp.
strain HR167 and Pseudomonas putida

pTppef (PTrc99A:: ech & fes of P. putida), pTahech (pTrc99A:: ech of
Amycolatopsis sp.), pTahfcs OTrc99A: fcs of Amycolatopsis sp.), pTAHEFe
(pTrc9A:: ech, fcs, & ech of Amycolatopsis sp.), pTAHEF (pTrc99A:: ech & fcs
of Amycolatopsis sp.)
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iy

of. Az WAwE o83 npdd AFAY W

i

A5}

Amycolatopsis sp. strain HR1672] ech®} fes A& ara promotergs ZHe&
pBAD24 WEle] =934 pBAD-AHEF Z#~n=f [adEo A Azt o
Egaves x3ete A el vpdd AAkE Sdistetr] 8 vk

WA HA s felA 3TFe EFwiA 2YT, LB, TB media)¢t 1&F<©
HAavA] (M9 media)E AHEaA vbE ™l A S vt doh (Fig. 28). 2H7+e] wf

Aol A &S 01%4 H7bei 37CAA 4843 WiFet ATk EABEFL H A
TAAME 7HE AdEe &7 =S TBuMACA Hugs HIx, nwpdde
570mg/1= LBHiAol A Hth7h w9lom, 7Hd w2 vbddl Abaks 2ol M9 #Ha
sl vlEl A o 2u) o] EQTE ol AL PPl FEI Agot v A
nop FAAKo] FE owAsta, wE RHF Aol widd AgAe] At
ojul e}, webq A JFRe] FHol Bedvs AES AAh

v Aol HA QD vAdS Ay fsiA 71 viAIQl 2YTel 7F
A5 Z+zF 1% Hrbsta vkttt (Fig. 29). Yeast extract®t tryptone &
of = 2YTHiA ol &l F7h7F vpddd ALke S7HA1ZE Aolets=
Fxo 7= &8 glucose, xylose, glycerols #7}sk %o vfdd 2 A3 AA
A @kgkar fructoseE 73 A Sole= A% AU, lactose, galactose,
Aol Bda9s HUIshA &2 Fig. 289 Axe} fAe 23E Rtk

oJ AL ¢ T E AMEE glucose, xylose, glycerol 2 B4
S et 2 A adS AATFoEN udd BAdS Fr]H o
U= Aotk AA 7o dadEo o3k wpdd A A7

=
48 FHste d7E APsa 9

2]

o] ]j]_l/l{ﬂ /Kgsl—}\-]

3
el g 3 - 10mlE WA o mA §EALTe WakE fFRskAn (Fig.
30). vhd ™ Aake Erlete] HEW Aol ol g §E4L I M
EE Ha vkl 3mlelAl Hulzh =9l ezl whd

e whgom wExE A §E4dA

wol 2
232 ovs,

ofN
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Fig. 28. Optimization of culture media for recombinant E. coli

pBAD-AHEF
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Fig. 29. Optimization of carbon sources for recombinant FE. coli harboring

pBAD-AHEF
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Fig. 30. Optimization of dissolved oxygen concentration for recombinant E. coli

harboring pPBAD-AHEF
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Amycolatopsis sp. strain HR1679] ech®} fcs F+AAE trc promoterg ZHe=
pTrc99A WE o] Zd|A pTrc-AHEF Z#2v|=5 2xpdEd A A xs9 . Tre
promoter= PTG 93] X3 ™ ara promoter®th ZAEH&HA echet fes Ao
AFS 7N F Utk o] FHarEE 2¥ete A el vbdd ALk
S Sdsgter] A9 wMExd HAsE st pBAD-AHEF  (pDAHEF) ¢}
pTrc-AHEF (pTAHEF)9] F+x% Fig. 31¥ #Zuh

v Agakel] A ek wEA4ke] HI7AIZHE pBAD-AHEF®] 74 -¢-o w18
Al kel A FSEARE pTre-AHEF 9] 4 $-oll &= wiFz7]o] H7lste= Aol 18A]7Fell A
7hshe= A Bod o 28R =2 vidd RS A5 oAt (Fig. 32). vibd

o

Al pTrc-AHEF7} pBAD-AHEFo| #BlsjA dwkx o=z 2u) o4

Hi
32

714 wEake] HA Mt AFE A 0 - 1.0% el AAA HE
abe] A7bEE WA AL HE4be] 0.2% ©14d HtEE ASel e AKE AHE
Whora, 1.0%el A= Alzbek Asdde] HaEE AT (Fig. 33). nbdd AAS o &4t
o] 02% ZH7Fe A5l °F 1000mg/1Z 7Hg =%l 0.2% o] FelA= S A7tk
o] FoldE npdd AAS Taehe AFS BAT (Flg. 34). WA F A=

A2 01%9F 0.2% H7FE Aol Ao adEol 0% sEolAt. wheEbA wj kel

ot (Fig. 30). sl &4te] ARE RE PTG =04 ¥E #E4kd¢] 100mg/l ©]

frAabstd ou, bd | AR IPTG 5 %7F 02mM o] 4l A f-ol&= 7HAstr] Az

A 1.0mM PTGl M= AEHA &9ke %

(vanillic acid)e] Th=

dehydrogenase %} (vdh)€ 2t AA FEE EFsta 1EsEe IPTG H7F Al
=t

of whdatel AAHthE e AZg otk AEHOR v AFH FAAE
=]
=
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BamHlI rrnBT4T,

Fig. 31. Structure of recombinant plasmid of pBAD-AHEF (pDAHEF) and
pTAHEF
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Fig. 32. Comparison of optimal feeding time of ferulic acid between recombinant

E. coli strains harboring pPBAD-AHEF and pTrc-AHEF
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Fig. 33. Effect of ferulic acid concentration on cell growth of E. coli harboring

pTrc-AHEF
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Fig. 34. Effect of ferulic acid concentration on vanillin production of E. coli

harboring pTrc-AHEF
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Fig. 35. Effect of IPTG concentration on vanillin production of E. coli harboring

pTrc-AHEF

,98,



£ AT uhdY AATFE shdYel o) gfo] ANEF WA @u nFw

dhdYe ANE S ogle el )

XAD-165 Algstdar dif-ite] vls2gh vpdd 35S Btk Fig. 367 Table 9
o= XAD-2 A9 uddd FEe dig F3sS JEhddth 1% vhEd &
oA XAD-2 2] ntdd FH5L 976%, 1% FASA4 o)A XAD-2 542 ¥
E4 FFEL 516%, 1% vhd A 1% HEZ2e] Eg&doq XAD-2 F=X9 npd
A3} | Ze] U3 FHELS 804%9 51.8% oAtk wElA XAD-2 FAES ujgy
of H7bstd iAol 80%el el vtdAE o FX| 7t FFENA A ik ul
J4d e oA AES AdEiA v sEE A7 2 el = 7] dHE
A nFER AUl g R W EZake] 50%7EEe] FXe] FFE o iyt A &
5ol U Zoln® wgT AL desAld F s Aot

HE2o] 05% H7FH #iA|o] XAD-2 A& 500mg¥ 1250mgS H 7}t
WS 3SR T (Fig. 37). #HE4Ee] Arel npd o] AARAS = wjfol A
AbetF oy, FAE 500mg FH7Feh vj kol A mpd e AAbRFo] Eqkth o] A& A A
B

A8 Abshe ol whdusl gy e o Eoe A2 ovwth 1

(]
HE4S oF 2000mg/1 AEF AT vpddL oF 700mg/l AAHE A
t}. 22 XAD-2 FAE 500mg H7Fe 2 AFAE HEALS Ao uzdHA
13

vhd S oF 2300mg A AT #EARe]l 0.7% H7EE wiAel XAD-2 G4

AEH O XAD-2 FAE A vhdae] AgANENE FrAPoRN S
el diAbsk wbd el AL AT F U9k Fig. 3991 1247vkeh v o)

FHE XAD25AE A2 FA2 wAs AL 5ol vhddel €@ YA
A

Age]l AAZ updde] Aite] 48x]7be] FHU 9.2g/Lol EEdtE AFRE HAF

o
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LAD-T resin

W Suwredling

Wiith sasradling

Adsorption capacity of Amberlite resin XAD-2

=1%-vanillin solubon in DO

=1 %-ferulic acid scluton in DO

=Hesin swalling with Methanol, SOOW
=Adsorpion for 15 haurs at 37T with shakang
=Racovary of vanillin by alution with Methanol

1

Kaore than 80% of vanillin to be bound

Fig. 36. Absorption capability of XAD-2 resin for vanillin and ferulic acid

Table 9. Absorption capability of XAD-2 resin for vanillin and ferulic acid

TAE (%) H] & 25 (%)
Hpd @ 19 & 97.6 2.4
2 1% & 516 484
nid ) )
e 19 - } 80.4 196
HEE 1% | e 518 482
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Fig. 37. Effect of XAD-2 resin addition on vanillin production from FE. coli
harboring pTrc-AHEF (I)
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Fig. 38. Effect of XAD-2 resin addition on vanillin production from FE. coli
harboring pTrc-AHEF (II)
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Fig. 39. Vanillin production from E. coli harboring pTrc-AHEF with replacement
of fresh XAD-2 resin
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2 AT ol&d wd™ AMHEQ Co-A dependent deacetylation

R

pathway+= Fig 119 YeEd RAAHEH  feruloyl-CoA7} vanillin® 2 7 3-% A A

acetyl-CoA7} A HT. o]EA B4 o=z AAHEE acetyl - CoA7l &840z AW
A & #A el =HEW enoyl-CoA hydratase/aldolase &49] wWHe& A=

WS Aot} olE & AsH7] $shA acetyl-CoA2]l TCA cycle®29 ARE FEst=
citrate synthase A=} (gitA)E pTAHEFo Z“Y&A pTAHEF-gltAE W&l
pTAHEF$} pTAHEF-gltAE Zt7t xgdsele AR d3dve vidd AAAdS v
stttk (Fig. 40, Fig. 41). 0.3%¢] #l&4te] x3td iAol A pTAHEF-gltAE 3
g Az AT 1.3g/Le] vhdwle A vhdel pTAHEFS /3 A= o
S of Ank < 0.75g/Le] vpEH S st ol 5EH upbd Y A = ol
A o E9] acetyl-CoA7l &ASIT o]& EEXHOE ALTAZHES wo vpdde] Ak

ol Sk As dskth

stebo] el NTGE Agstar wpdde] e Aol A npdgde]
Be 2t Adow A NTG mutantE whdd Az gel #8387 9 gz
o] HHsts FPstAct wA HHsE fEA 2YT, TB, LB, M9 #iA & Al&31%
a1, 44T 2YT, LB, TB, M99 A2 whdd AJikadel =9t} (Fig 42). whA,
71E8] AR oL FAd g wjA o] Abgo] Thselth ©A e HASHE 918 glucose,
fructose, lactose, galactose, xylose, glycerol, sucroses S 05% == 2YT HjA]
A7FsFA Yt (Fig., 43). 8298 H7Fet A $o lactoseE A st RE Ao A
v o] gako]l A AATS Bvh 1Ea < H7betA &2 A9 M
E2 AbEd S BHYYoEN IEe H}%% Arks A gads H7bekA
Aol otz A4S At =3 NTG mutante] ¥lE @ YA S 7]E o]
@< DHb5a ¢t F7F2 DHI0E® XL1-Blue #5& ol &34 wwstsltth (Fig.
44). NTG mutant®] 7-5-¢l 0.3% #HE4ke] H7bE 2YT iAo Al 1.9g/L9] ntd <
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Fig. 40. Role of citrate synthase (A) and its action on maintenance of

acetyl-CoA/CoA ratio for vanillin production (B)
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Fig. 45. Bubble column fermenter for vanillin production

- 106 -



6 49 3
A
= )
w A d
A d
.E 4 i N 6 %
= —=— Vanillin =
= —a— Ferulate ] 5
> 20 13 =
0 M ! 0
6L
~ {12
g |
Q%
Q 41 1°
N’
= an
: | o =
S 5 —e— Cell growth |
o0 —v—pH 13
o |
@)
0 L L 0

Time (hour)

Fig. 46. Vanillin production using the new bubble column fermenter with addition
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Fig. 49. UV spectrum profile of lignosulfonic acid at 280 nm.
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Table 10. Contents of phenolic compound in woody biomass.

Species Korean name Moisture Ethanol Acid insoluble  Acid soluble
contents, extractives, phenolic phenolic
% % compound, % compound, %
Qercus = 8.72 10.63 35.67 0.96
variabilis
Lalix Sa3E 8.12 10.95 34.58 0.37
leptolepis
Pinus ENEE 8.04 10.52 37.20 0.32
densiflora
Pinus AP 8.12 10.14 34.79 0.35
koraiensis
Alnus SRR S 8.10 10.63 32.3 0.33
japonica
Populus oleYEEH 8.14 10.05 32.7 0.35
euramericana
Salix H =5 8.15 10.04 31.7 0.34
glandulosa
Pinus 271 yF 8.12 10.27 319 0.37
rigida
Clematis © ohg 7.89 9.99 32.7 0.29
paniculata
Rosa A Y 7.90 9.44 33.1 0.34
multiflora
Rhododendro A 8.12 10.02 31.7 0.32
nmucronulatu
m
Cornus T 8.23 10.35 31.0 0.35
controversa
FARAZRY vhdd ATA ndf A8 44
PEAQ BATAB Dk 1, B2, $F, AN, EvhE, B E7] 2 w4
SordE AR o] olF Fo FAE A4 dHE d2e ZAdomA v
dd A4 2 g 95E g8 (Table 11). AAA o2 AHE8&4 A=
A osgme AmFel o 18 - 29% WHE Favel dgom, FEEe Wi
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Table 11. Contents of phenolic compound in agro—biomass.

Species

Moisture, %

Ethanol
extractives, %

Acid insoluble
phenolic
compound, %

Acid soluble
phenolic
compound, %

Sweet potato stem 7.89 10.55 18.38 0.95
Red pepper stem 7.34 9.73 25.30 1.09
Perilla japonica stem 8.20 10.28 23.02 2.20
Peanut stem 9.35 10.89 22.44 1.95
Rice straw 5.38 '71.55 25.68 2.39
Corn stem 13.04 21.81 22.28 1.66
Sesame stem 8.64 741 26.09 1.20
Tomato stem 7.16 97 29.21 0.65
Bean stem 8.32 14.30 25.57 0.84
AEA AE HTES 06 - 24% WAR JARARAE B2 4P ey
e STFuUE 13.04% % 7 =dd vk gl 2 538% % 7wk
SEFut e BarArug 9458 0 gFel A v

220%9 7 =L S B,
EulE Z7]oA 065%% 7Hd WA JEbs:
BoghAe HF A BHEL vanilline 24 oo S 93 dsE 7]Ed 4

geha gl Agolojop @k ZWelA nFnk 2717 HAe AR A7EA
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Table 12. Yield of extracts with acid from sweet potato stem at 120C

Chmicals  Concentration, N Extracts”, mg g ©

Reaction time, min

5 30 60
Sulfuric 0.01%5 447007 580.250c 31195
acid 0.025 921.94c 267.84c 272.53¢
0.05 233 27he 287.12ab 301.71b
0.1 26951a 295.86a 340.97a
Acetic acid 0.01%5 78791a 357024 552.04a
0.025 271.23b 24810a 245 59ab
0.05 260.83bc 232.67h 236.11hc
0.1 250.19¢ 22881 295.75¢

" Based on the oven dry weight of the sweet potato stem.
? Means followed by the same letter within the same column and same acid are not
significantly different (P<0.05) according to the Duncan's New Multiple-Range Test.
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Table 13. Yield of phenyl propanoids with acid from sweet potato stem at 120TC

Phenyl propanoids”, mg g

Chemicals Concentration, N Reaction time, min
15 30 60
0.0125 12.73b” 12.37c 14.37b
Sulfuric 0.025 10.36¢ 11.32¢ 11.08¢
acid 0.05 13.02b 1951b 16.63b
0.1 22.32a 24.03a 26.53a
0.0125 16.77d 16.82d 16.72¢
0.025 19.94c¢ 18.45¢ 19.61bc
Acetic acid

0.05 21.48b 21.58b 21.91ab
0.1 25.76a 26.19a 26.91a

Y Based on the oven dry weight of the sweet potato stem.
? Means followed by the same letter within the same column and same acid are not
significantly different (P<0.05) according to the Duncan's New Multiple-Range Test.
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Table 14. Yields of vanillic acid, vanillin, ferulic acid and cinnamic acid with acid
from sweet potato stem at 120C

Contents”, mg g

Reaction time, min

Chemicals CoNn 1 i ®
Vanillic Vanillin Ferulic Cinnamic ~ Vanillic Vanillin Ferulic Cinnamic ~ Vanillic  Vanillin Ferulic Cinnarric
acid acid  acid acid add  acd acid add  acid
Sulfuric 00125 016767 - 0112c 0265  0.122c 0306c 0043 0248 0133 0217a 0115b 0.165a
acid 0025  0182a - - - 0252 0400a 01776 0257b  0127c 022%5a 0114b 0.145b
006 0lllc - 0I25b 0237  038la 03%2b 032a 03%4a 0215 0179 0.130a 0.168a
01 0118 0168 0154a 0206c  0112d 0199d 0098 0.144d  0227a -  0.I20b 0l6la
Acetic 00125  0110b 0.179ab 0.0%c 02052 0119 0212a 0106ab 0079  0123b -  0.103b 0.142ab
acid 0025  0117ab 0174b 0104c 0173  0124b 0223a 0109a 0144b  0123b -  0.101b 0147a

0.05 0.120a 0.187a 0.118b 0.195b 0.097c  0.178b 0.101ab  0.106d 0.132a 0238 0.110a 0.128¢c

0.1 0.122a  0.106c 0.207a  0.159d 0.155a 0.109c 0.098b  0.122c 0.132a - 0102b 0.135hc

Y Based on the oven dry weight of the sweet potato stem.

 Not detected.

? Means followed by the same letter within the same column and same acid are not
significantly different (P<0.05) according to the Duncan's New Multiple-Range Test.
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Table 15. Yield of extracts with alkali from sweet potato stem at 120C

Extracts”, mg g

Chemicals Concentration, N Reaction time, min
15 30 60
0.0125 309.93d 7 348.63d 357.14d
Sodium 0.025 327.17¢ 368.80c 385.24¢
hydroxide 0.05 393.84b 426.73b 445.55b
0.1 442.85a 471.06a 481.14a

" Based on the oven dry weight of the sweet potato stem.
? Mean followed by the same letter within the same column are not significantly
different (P<0.05) according to the Duncan's New Multiple-Range Test.

Table 16. Yield of phenyl propanoids with alkali from sweet potato stem at 120TC

Phenyl propanoidsl), mg g !

Chemicals Concentration, N Reaction time, min
15 30 60
0.0125 63.98a” 58.60a 60.33a
Sodium 0.025 57.45b 43.97b 49.21b
hydroxide 0.05 40.80c 29.12¢ 21.72d
0.1 41.66¢ 28.98¢ 23.50c

" Based on the oven dry weight of the sweet potato stem.
? Mean followed by the same letter within the same column are not significantly
different (P<0.05) according to the Duncan's New Multiple-Range Test.
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Table 17. Yield of vanillic acid, vanillin, ferulic acid and cinnamic acid with alkali
from sweet potato stem at 120C

Contents’ ‘, mg g

Reaction time, min

Chemicals
Con.,
N 15 30 60
Vanillic Vanillin Ferulic Cinnamic ~ Vanillic Vanillin Ferulic Cinnamic ~ Vanillic Vanillin Ferulic Cinnamic
acid acid acid acid acid acid acid acid acid
0.108d"
Sodium  0.0125 =P 0274a  0.483d 0.106¢c - 0.114c  0.374d 0.121c - 0.141b  0.558d
)
hydroxide 0.025 0.120c 0.243c 0.112¢  0.811c 0.112¢ - 0.112¢  0.779¢ 0.120c - 0.113¢c  1.364c
0.05 0.198b 0.319b 0.104c 3.081b 0.206b - 0.137b  2.563b 0.263b - 0.119¢  3.497b
0.1 04lla 0415a 0.192b 3.529a 0.327a - 0.207a  2.902a 0.550a 0222 0.206a 3.789a

Y Based on the oven dry weight of the sweet potato stem.
* Not detected.

) Means followed by the same letter within the same column are not significantly
different (P<0.05) according to the Duncan's New Multiple-Range Test.

O Tl Z71e] IN, 2N, AN FAFUEF o1& 247 drhste] Aol 154

o]
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FE 58 Aol U FRdA fel4el vegon, 97 ¥Rt 371
F5E FEE £22 F/EE 4TS UElT WeARS FEE SRl
t BEd e dehbd Qv 9BYFE AN, BSATE 623 oA
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Table 18. Yield of extracts with alkali from sweet potato stem at room

temperature
Extractsl), mg g
Chemicals Concentration, N Reaction time, hour
15 3.0 6.0
1 443.60b” 390.26b 434.03c
Sodium 2 43951b 436.91a 467.20b
hydroxide
4 464.64a 448.62a 500.70a

" Based on the oven dry weight of the sweet potato stem.

? Means followed by the same letter within the same column are not significantly

different (P<0.05) according to the Duncan's New Multiple-Range Test.

O Table 189} TUs oA AlEE HH&3

199 YEtWith &Zg] %9 phenyl propanoid & AlololE 5% FFEANA H

ool vhErom, 97e FE} HeFE

S 4= phenyl propanoid &2 F7}3%

WAl phenyl propanoid F&AROlol A= WEE ARl
propanoid F~&°] T7lste A&dFS YeERWT &ZE & AN, H7b
A 404 mg®] phenyl propancidE €< 4+ Udch

= AR AR

Table 19. Yield of phenyl propanoids with alkali from sweet potato stem

35315 uf, phenyl propanoid &< Table

at room
temperature
Phenyl propanoidsl), mg g
Chemicals Concentration, N Reaction time, hour
15 3.0 6.0
1 403.52a” 300.39a 318.55a
Sodium 2 222.20b 120.09b 177.27b
hydroxide
4 139.94c 112.74c 103.94c

" Based on the oven dry weight of the sweet potato stem.

? Means followed by the same letter within the same column are not significantly

different (P<0.05) according to the Duncan's New Multiple-Range Test.
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Table 20. Yields of wvanillic acid, vanillin, ferulic acid and cinnamic acid with
alkali from sweet potato stem at room temperature

Contents”, mg g

Chemicals Reaction time, hour

Con.

N 15 3.0 6.0

Vanllic Vanllin  Ferdic  Gnnaric Vanllic Vanllin  Fendlic Grnnamic Vanllic  Vanllin - Fendic  Grnanic
acid acid acid acid acid acid acd add acid

Sodium 1 0.234a 0.249a 0.141b 2.566a 0.213a 0.232a 0.213a 3.253a -2 0.219b 0.178b 3.123a
hydroxide 2 0.175b 0.166c 0.094c 2.216b  0.184b 0.266b 0.219b 2.483b 0.237a 0.309a 0.222a 2.417b

4 0.148c 0.233b 0.215a 1.740c  0.144c 0.211c 0.163c 1.566c 0.134b -  0.098c 1.648c

" Based on the oven dry weight of the sweet potato stem.

 Not detected.

3 Means followed by the same letter within the same column are not significantly
different (P<0.05) according to the Duncan's New Multiple-Range Test.
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Table 21. Yield of phenyl propanoids with chemicals from sweet potato stem

. Concentration  Reaction time, Reaction Yield of phenyl
Chemicals . . 0 L) -1
of chemicals, N min tempature, C propanoids’, mg g
Sulfuric acid 0.1 60 120 26.5
Acetic acid 0.1 60 120 27.0
Sodium hydroxide 0.0125 15 120 69.0

1 90 room temp. 403.5

" Based on the oven dry weight of the sweet potato stem.
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ISl

min

30
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360

Concentration Reaction time,

of chemicals, N
0.05

0.1

0.0125

Table 22. Yield of ferulic acid with chemicals from sweet potato stem
—%llﬂ

" Based on the oven dry weight of the sweet potato stem.
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Table 23. Yield of extracts with water from pretreated lignocellulose at 120C

Extractsn, mg g’

Pretreated conditions, kg/cm2 . . . .
. Reaction time, min

min

15 30 60
25 -+ 5 204.66a” 205.10a 207.42a
25 - 10 170.74b 171.17b 170.89b

" Based on the oven dry weight of the pretreated lignocellulose.
? Mean followed by the same letter within the same column are not significantly
different (P<0.05) according to the Duncan's New Multiple-Range Test.

Table 24. Yield of phenyl propanoids with water from pretreated lignocellulose at 120C

Pretreated conditions, kg/cmz- min Phenyl propanoids”, mg g'1

Reaction time, min

15 30 60
25- 5 31.86b” 29.36b 28.40b
25-10 48.08a 48.20a 49.11a

" Based on the oven dry weight of the pretreated lignocellulose.
? Means followed by the same letter within the same column are not significantly
different (P<0.05) according to the Duncan's New Multiple-Range Test.
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Table 25. Yield of vanillic acid, vanillin, ferulic acid and cinnamic acid with water

from pretreated lignocellulose at 120C

Contents”, mg g

Reaction time, hour
Pretreated

conditions,

kg/cm®- min I3

3.0

6.0

Vanillic Vanillin Ferulic Cinnamic
acid acid acid

Vanillic Vanillin Ferulic Cinnamic
acid acid acid

Vanillic Vanillin Ferulic Cinnamic
acid

acid

255 0.142b  0.136b 0.109b  0.105a 0.587b  0.162b 0.124b  0.095b

25- 10 0.255a  0.163a 0.570a  0.105a 1.322a  0.192a 0.150a  0.116a

0.621b  0.196a

0.731a

0.125a

0.164b  0.095b

" Based on the oven dry weight of the sweet potato stem.

? Means followed by the same letter within the same column are not significantly
different (P<0.05) according to the Duncan's New Multiple-Range Test.
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Table 26. Yield of extracts with water from preterated lignocellulose at room temperature

Extracts”), mg g'l

Pretreated conditions, kg/cmz- min  Reaction time, hour

1.5 3.0 6.0
255 192.41a” 192.74a 193.06a
25-10 145.92b 144.58b 147.87b

;) Based on the oven dry weight of the pretreated lignocellulose.
Means followed by the same letter within the same column are not significantly
different (P<0.05) according to the Duncan's New Multiple-Range Test.

O Table 27 A& ¥ lignocelluloseE A2oA g PS u H=AITE
et A A2 E lignocellulosed] S/FF T o3t AE=AsEE 582 %
g 271 68 108)3 H=ALE & FFde FoAdol YA gkt

[e]
=
LY RESAIZ mE AsdsdE e WMItE dAR FFol e &%

I

Table 27. Yield of phenyl propanoids with water from pretreated lignocellulose at room
temperature

Phenyl propanoids”, mg g

Pretreated conditions, kg/cmz- min Reaction time, hour

1.5 3.0 6.0
25-°5 22.78a% 23.84a 23.93a
25-10 24.60a 24.75a 23.50a

1) Based on the oven dry weight of the pretreated lignocellulose.
) Means followed by the same letter within the same column are not significantly
different (P<0.05) according to the Duncan's New Multiple-Range Test.

- 127 -



O #AA2 ¥ lignocellulosed A=A A& w] A4EE ferulic acid 9 &5
Table 28] YelWth Axdl A3 ferulic acid & AboldlE= FolAdo] e
om HAAE Al7te] REFE ferulic acid F& =UT. AAg ZA 58, W

A ZE 6A17Ee] 20l A 016 mgd] ferulic acidES &S & ¢ AU}

L

oo

Table 28. Yield of vanillic acid, vanillin, ferulic acid and cinnamic acid with water from pretreated
lignocellulose at room temperature

Contents", mg g'1

Pretreated

conditions, Reaction time, hour
2.
kg/cm” - min

1.5 3.0 6.0

Vanillic Vanillin Ferulic Cinnamic  Vanillic Vanillin Ferulic Cinnamic Vanillic Vanillin Ferulic Cinnamic

acid acid acid acid acid acid acid acid acid
25 5 0.210b 0.138b” 0.126a  0.105a 0.230b  0.182b 0.136a 2 0.259b  0.263a 0.164a  0.093b
25 10 0.520a  0.360a 0.099b 0.111a 0.621a  0.634a 0.099b  0.110 0.367a  0.122b  0.095b  0.126a

" Based on the oven dry weight of the pretreated lignocellulose.

Means followed by the same letter within the same column are not significantly
; different (P<0.05) according to the Duncan's New Multiple-Range Test.
) Not detected

@ A7 =y e e

O A8 % lignocelluloseE 120C ¢ A2 FHFUHS FJ3e] ZH2F vhSA 7S
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Table 28. Yield of phenyl propanoids with various raw materials and condition
from sweet potato stem and lignocellulose.

Raw materials I;Eeieir;(; Chemicals  Reaction Reaction Ss)elgngif dlsall)lenyl
) B time, min  tempature, C prob 0 e
© min g
Sweet potato - Sodium 90 room temp. 403.5
stem hydroxide
Lignocellulose 25 - 10 Water 30 120 48.2

" Based on the oven dry weight of the sweet potato stem.

Table 30. Yield of ferulic acid with various raw materials and condition from
sweet potato stem and lignocellulose.

Raw materials Pretreatment, Chemicals Reaction Reaction  Yield of ferulic acid”,
kg/cm2 - min time, min  tempature, C mg g'1
Sweet potato stem - Sulfuric acid 30 120 0.32
Lignocellulose 25-10 Water 15 120 0.57

" Based on the oven dry weight of the sweet potato stem.
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Table 31. Production charges of phenyl propanoid from sweet potato stem and
lignocellulose

Raw materials ~ Chemical charge, Reaction charge, Recovery charge, Total charge, Charge, won per
Wwon per raw won per raw won per raw won perraw  phenylpropanoid, g
material, gl) material, gl) material, gl) material, g])
Sweet potato 6 4.9 4 14.9 36.9
stem
Lignocellulose 0 7.5 4 11.5 238.5

Y Based on the oven dry weight of the sweet potato stem.

O vk F7]25H  lignocellulose Y5 ZHFE AAitste vl &HoE oF 68 =
BAAR v golth. ARAow HeEAdstdEe] AiEs ddAE v 7]

BE AREStE Aol Fysivtal dddEn AeEAsdE 1 g 9 37de] t4Le A4
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Table 32. Production charges of phenyl propanoid from sweet potato stem and
lignocellulose

Chemical charge, Reaction charge, Recovery charge, Total charge,  Charge, won per

Raw materials won per raw won per raw won per raw won per raw  phenylpropanoid, g
material, gl) material, gl) material, gl) material, gl)
0.3 12.0 4 16.3 50,937

Sweet potato stem

Lignocellulose 0 9.2 4 13.2 23,157

" Based on the oven dry weight of the sweet potato stem.
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Table 33. Content of phenolic compounds during the storage periods in sweet

potato stem extracts

Stroage Contents of phenolic compounds, mg/gl)
pe;r“’d’ Vanillic acid Vanillin Ferulic acid Cinnamic acid
S.
pH30 pH70 pH3.0 pH70 pH 3.0 pH 7.0 pH 3.0 pH 7.0
0 D 177047 - - 32.0:12b  37.4+09a 79+04a 9.4+0.4a
12 - - 15.1£0.6a - 18.0£0.8¢ 18.8+0.7b  2.3+0.1b  2.2+0.1b
24 - - 15.0+0.8a - 18.4+1.5¢ 16.8+0.4c 2.1+0.1b  1.8£0.1b
48 - - 15.4+0.7a - 18.7+0.8¢  18.5£0.8b  2.5£0.1b  2.5+0.1b

" Based on the oven dry weight of sample.

> Means followed by the same letter within the same column is not significantly
different (P<0.05) according th the Duncant's New Multiple-Range Test.

' Not detected.
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Table 34. Content of phenolic compounds during the storage periods in wood

extracts
Contents of phenolic compounds, mg/g"
Stroage
period, Vanillic acid Vanillin Ferulic acid Cinnamic acid
pH30 pH70 pH30 pH70 pH30 pH70 pH30 pH 70
0 7L431b¢” 541#22c 2260+10.1c 2478+112a 21624822 1R4+66a 15:01b -7
12 76.1+36b 6061290 2580£115b 2349+57a 1228+47c  995H:24b  29+0.1a -
24 609425c 647+29b 242.3+60bc 2309+89a 780+35d  732%3.1c - -
48 101.8£39a 731£28a 2830+1l.1a 229.7+102a 1631+40b 66626c 28+0.la -

" Based on the oven dry weight of sample.

? Means followed by the same letter within the same column is not significantly different

(P<0.05) according th the Duncant's New Multiple-Range Test.
? Not detected.

9) gt &4 F=(iquid-liquid)ol &3+ 3= g
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Wood
10g, based dry weight

Extraction with water
at 121 °C for 15 min.

Water soluble free sample
1.71g, based dry weight

Residue

Ethanol soluble free sample
1.69¢g, based dry weight

v

Residue

n-Hexane insoluble layer
1.67g, based dry weight

n-Hexane soluble layer
0.20g, based dry weight

Ethyl ether insoluble layer
1.32g, based dry weight

Ethyl ether soluble layer
0.35g, based dry weight

v

Chloroform insoluble layer
1.20g, based dry weight

Chloroform soluble layer
0.12g, based dry weight

Ethyl acetate insoluble layer
1.07g, based dry weight

Ethyl acetate soluble layer
0.13g, based dry weight

Fig. 50 Yield of fraction of extracted phenlolic compound extracted from wood.
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Table 35. Content of vanillic acid, vanillin, ferulic acid and cinnamic acid in different
organic solvent fractions from the sweet potato stem extracts

Phenolic compounds (mg/g")

Fraction

Vanillic acid Vanillin Ferulic acid Cinnamic acid
n-Hexane soluble 118 = 1.01 b* 681 + 397a 015+ 026c 915+ 7.99
Ethyl ether soluble 033 £ 057b -° 212 £ 2.07 ¢ 21.49 + 20.70

Chloroform soluble 1127 £ 1029 b 1024 £ 1044 a 1525 £+ 647 b 18.49 £+ 6.26

Ethyl acetate soluble 59.21 + 40.75 a 836 £+ 7.27 a 62.89 + 19.19 a 1022 + 5.10

Ethyl acetate insoluble 0.43 + 030 b 061 + 053 a 3.03+ 524c¢c 071 + 123

* Milligrams of phenolic compound per grams of pretreated wood

® Means followed by the same letter within the same column and same compound are not
significantly different (P<0.05) according to the Duncan's New Multiple-Range Test.

¢ Not detected

—
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Cinnamic acid= =E 7}& fractiono]l A YESTH(Table 36). A¥8 o2 ferulic
acid®] &&4ow Estr] = vddF= 7FE fraction oAl ethyl

acetate 7}& fractionS ©|&38t= Aol 7HF &2 vtz AT

- 136 -



Table 36. Content of vanillic acid, vanillin, ferulic acid and cinnamic acid in different
organic solvent fractions from the wood extracts

Phenolic compounds (mg/g")

Fraction
Vanillic acid Vanillin Ferulic acid Cinnamic acid

n-Hexane soluble 177 + 286 a° 465+ 072 a - 578 £ 5.16 a
Ethyl ether soluble 72.68 + 86.87 a 1856 + 32.14 a 1588 + 1857 b 5.57 + 6.39 a
Chloroform soluble 7.80 + 7.57 a 29.15 + 23.17 a 1236 £+ 3.06 b 820 + 12.85 a
Ethyl acetate soluble 10.71 + 1856 a 454 £ 498 a 7564 + 7382 a 0.77 + 134 a

Ethyl acetate insoluble 0.04 + 0.06 a 3.04 £ 526 a 181 + 314 Db -

* Milligrams of phenolic compound per grams of pretreated wood

® Means followed by the same letter within the same column and same compound are not
significantly different (P<0.05) according to the Duncan's New Multiple-Range Test.

¢ Not detected

10) Column chromatography (liquid-solid)el|] 2|3} 3}gt&9o # g
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(1) Ethyl actate ¥ methanol & %8

O Fig. 51914 Fig. 542 ethyl acetate®} methanol 318w E A}8-3}¢o] standard 3}

F= EAE, FEAR A4 e 92 agv 27 dsd sdEel g
TLC Alolth AlRe] &4l & A/NEAE ZA2e v v&= sto] TLCT 23

1 Oq
2 dsd dde 25E % AS7F 44 plate Aol M 2, AN HA gk7] o
L0

o ethyl acetate®} methanol E£-&v] A|2de HEA 33 g5 ¢k A

o

Agulzs 49 s Bas.

Mobile phase Mobile phase Mobile phase Mobile phase
Ethyl acetate:Methanol Ethyl acetate:Methanol Ethyl acetate:Methanol Ethyl acetate:Methanol
6:4 7:3 8:2 9:1

Fig. 51. TLC screening of phenolic compound standards (vanillin, vanillic

acid, ferulic acid and cinnamic acid) and phenolic compound extracts from wood and

sweet potato stem.

Application: 1: mixed standards, 2: extracts from wood, 3: extracts from sweet potato stem
Solvents : Ethyl acetate/Methanol, 6/4(v/v)
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Mobile phase Mobile phase Mobile phase Mobile phase
Ethyl acetate:Methanol Ethyl acetate:Methanol Ethyl acetate:Methanol Ethyl acetate:Methanol
6:4 7:3 8:2 9:1

Fig. 52. TLC screening of phenolic compound standards (vanillin, vanillic
acid, ferulic acid and cinnamic acid) and phenolic compound extracts from wood and

sweet potato stem.

Application: 1: mixed standards, 2: extracts from wood, 3: extracts from sweet potato stem
Solvents : Ethyl acetate/Methanol, 7/3(v/v)
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Mobile phase Mobile phase Mobile phase Mobile phase
Ethyl acetate:Methanol Ethyl acetate:Methanol Ethyl acetate:Methanol Ethyl acetate:Methanol
6:4 7:3 8:2 9:1

Fig. 53. TLC screening of phenolic compound standards (vanillin, vanillic
acid, ferulic acid and cinnamic acid) and phenolic compound extracts from wood and

sweet potato stem.

Application: 1: mixed standards, 2: extracts from wood, 3: extracts from sweet potato stem
Solvents : Ethyl acetate/Methanol, 8/2(v/v)
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Mobile phase Mobile phase Mobile phase Mobile phase
Ethyl acetate:Methanol Ethyl acetate:Methanol Ethyl acetate:Methanol Ethyl acetate:Methanol
6:4 7:3 8:2 9:1

Fig. 54. TLC screening of phenolic compound standards (vanillin, vanillic
acid, ferulic acid and cinnamic acid) and phenolic compound extracts from wood and

sweet potato stem.

Application: 1: mixed standards, 2: extracts from wood, 3: extracts from sweet potato stem
Solvents : Ethyl acetate/Methanol, 9/1(v/v)
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(2) n-hexane, ethyl acetate ¥ formic acid & 3-8 vj

O Table 372 ¥H=A3eE FF52S ethanolo] &3813 43, n-hexane, ethyl

acetate, formic acid &&= HN39S oW Reats HEIUAT. RE=22 &
e 9] 2 Ztzteo]l Swjz2 A7) PSu], n-hexanelethyl acetate:formic
acid=80:50:059] =M EA9 Eert EFsA EEHJY. 53] vanillic
acid®} ferulic acide] 27} E9H3A HAk. XS n-hexane, ethyl acetate,
formic acid €F-&vi= dAHow A =9 Eed g Ao A

= A

O Fig. 552 n-hexane, ethyl acetate % formic acid =& & AE3lo] HesA &

1.

ol
1=

= FES TLC plated] AREAES wje] Apgdolth, n-hexane:ethyl
acetate:formic acid = 80:50:0.5%n-hexane:ethyl acetate:formic acid = 100:50:0.5
ARG AASFEL W BFE Bt 43 B HE Ao ehgrh =@

=
=
vanillic acid®} ferulic acid®] ## % 433 oz E A

Table 37.The mobile phases studied

Phenolic compounds

Mobile phase, v/v/v Vanillicacid Vanillin Ferulic acid Cinnamic acid
Rr
n-hexane-ethyl acetate-formic acid, 50:50:0.5 0.31 0.43 0.27 0.39
n-hexane-ethyl acetate-formic acid, 50:50:0.8 0.39 0.47 0.37 0.43
n-hexane-ethyl acetate-formic acid, 80:50:0.3 0.24 0.44 0.22 0.32
n-hexane-ethyl acetate-formic acid, 80:50:0.5 0.18 0.35 0.14 0.24
n-hexane-ethyl acetate-formic acid, 80:50:0.8 0.36 0.52 0.34 0.42
n-hexane-ethyl acetate-formic acid, 100:50:0.5 0.18 0.31 0.16 0.24
n-hexane-ethyl acetate-formic acid, 150:50:0.5 0.16 0.30 0.14 0.22
n-hexane-ethyl acetate-formic acid, 150:50:0.8 0.18 0.28 0.12 0.22
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Mobile phase Mobile phase Mobile phase Mobile phase

n-Hexane:Ethyl n-Hexane:Ethyl n-Hexane:Ethyl n-Hexane:Ethyl
acetate:Methanol acetate:Methanol acetate:Methanol acetate:Methanol
50:50:0.5 50:50:0.8 80:50:0.3 80:50:0.5

Mobile phase Mobile phase Mobile phase Mobile phase

n-Hexane:Ethyl n-Hexane:Ethyl n-Hexane:Ethyl n-Hexane:Ethyl

acetate:Methanol acetate:Methanol acetate:Methanol acetate:Methanol
80:50:0.8 100:50:0.5 150:50:0.5 150:50:0.8

Fig. 55. TLC screening of phenolic compound standards

(vanillin, vanillic acid, ferulic acid and cinnamic acid)

Application: 1: mixed standards, 2: ferulic acid, 3: vanillin, 4: vanillic acid, 5: cinnamic acid
Solvents : Ethanol/Water, 95/5(v/v)
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}_

1.2
I 280 nm
325 nm
0.8 F
III
kS
< I
v
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0
1 6 11 16 21 26 31 36 41 46

Fraction number

Fig. 52. Column chromatographic fractions profile of phenolic compounds from sweet

potato stem extracts.
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Table 38. Identification of fractions from sweet potato stem extracts in column

chromatography
Fraction Separated phenolic compounds, mg g
Vanillic acid Vanillin Ferulic acid Cinnamic acid
I o 0.083 - ]
I - - - 0.023
I 0.195 - 0.217 -
v - ) . )

* Micrograms phenolic acid per gram of sweet potato stem.
b
Not detected.
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Fig. 57. Column chromatographic fractions profile of phenolic compounds from wood

extracts.

O Table 39= ZHJ5=2H

2

59 HwmA 3gE9 7 fractions Fig. 57914 H
©Hkel o] 280nmellA sL3 FFEE YE W= fractions 1w 3H(fraction I -
fraction IV)3}il, I fractione 3%+d] o} HPLC XS 2 A3 A3E Table 30
of UelWlltt  Fraction I+ A9 WF & vanillineZ F+A =] A3l fraction 11

+ cinnamic acid® thH& 225 A}, Fraction III5= vanillic acid®}t ferulic acid

7F E%=0o] Al
O Fraction 71&%He] &8, 8% 549

* =
uEbWlaL, fraction 3 Ao A EHAT. 2y B Ao HFT 543 ferulic

acid®] € &ejo] Bad A WHer= O B84l Yo Agd
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Table 39. Identification of fractions from wood extracts in column chromatography

Fraction Separated phenolic acid, mg g °
Vanillic acid Vanillin Ferulic acid Cinnamic acid
I - 0.063 - -
II - - - 0.105
I 0.255 - 0.325 -
v - - - -

* Microgrames phenolic acid per gram of wood.
® Not detected.

11)

7h

O

Ferulic acid®] &7 2 AA (52 4A9)

aget £7]
SAF 2 AF biomass 95F sl gl £7] 9 HH R5EFE Hlole vt
9y AZ2YE9Q ferulic acide =5, & BASLA HA-HA] A=wtE T

W ooA-3A ARV J1ES HEAAAR, BEG Bd ANE QA ¥
starh. adM B GRAL ugAFEE(A-4A ARvE ) o

O

silica—gel ZYUAZnE a2y (AA -4 IAZrE2HY)E FAd £xHo=

HEAA ferulic acidE ¥2] 3t} 31 th.

ATntEr|E B g59 ded gddeEs dd §A4 FEeyer EYdhe v 4

Z oA ethyl acetate 7} fractionTts W=z #E|8}o] ©] & silica—gel AZFIEL

=

o o8] Z fractions EH3FFTH oju] EFHE fraction E9 UV SF=E

Fig 58 YElWlt}.

Z} fractionS<S UV 325 nm FFANAE S5E7F AY A7 UV 280 nmel
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e FFE7F 924 dehgd. o5 fractionES UV X &ASHY
fraction AX-E] fraction I7}A] 971e] a8 ox 183 39ttt Fraction 22904
A1 ZE = G2 fraction 25914 A1ZE = H 1&, fraction 2894 Al2FE+= 1

%2 UV §957F & 250l Alste] =4 vyt

—s— MInm

—p— am
1.5
|
g i
f

Abs

Fraction Mo,

Fig. 58. Separation of ethyl acetate fractions from sweet potato stem extracts by

silica gel column
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Table 40. Identification of ethyl acetate soluble fraction of sweet potato stem extracts by

column chromatography

Fraction group Phenolic compounds, mg g'lal
Vanillic acid Vanillin Ferulic acid Cinnamic acid
A > - - -
B - - - -
C - - - -
D - - - -
E 1.29 - - -
F 3.61 2.33 - -
G 2.57 3.98 1.22 -
H - - 5.41 -
I - - 3.15 1.25

* Milligrams phenolic acid per gram of sweet potato stem.
® not detected.

O Table 402 Fig. 589] Z} fraction Z1&& HPLC 4% ZAFZ vanillic acid 2
ferulic acidi= 370¢] fraction L&, vanillin 271¢] fraction 14, cinnamic acid
= 1709 fraction Z&olA yYeElsto™ ferulic acidE fraction group HollA <=4
g R FYT F Aol THEHRNeH, A~ AA B HFH-1uA AmvtED
oo &2 &L ugvt 7|25 ferulic acidgE w@Elste M 7 W

o2 AAEAY

Wb 52445

O BAYRE ¥H AW B4 FFTL 0y g4 FEPow B 34 F

o A ethyl acetate 7}-& fractionihs W= #F2]3to] o] & silica-gel A ZvE 1



g 93 Z+ fractionS EFH3IATE.  olul ¥FHE fraction E9 UV FTEE

Fig 59¢ et

O Fraction ¥ fraction ZLHE2 fig 559 a7v &7 ¢ L3 S YeElWo
1, fraction &9 NFE FdsA WEpEth. =3 fraction 1F G, fraction 1

F H % frction 159 UV &5 E%E U E fractionZH o Hlal =gk}

b

—s— I0nm H

o THom

1.5
:
\

Abs

1 & 11 18 21 26

Fraction Mo,

Fig. 59. Separation of ethyl acetate fractions from sweet potato stem extracts by

silica gel column

O Table 412 Fig 59014 F+H % fraction ZFE| &A= d=4 e 4
A3}olt}. Ferulic acide= fraction G115, H1F, 285 &A1 e, Ha1s3

[ZEAE =53 ferulic acid® Ao AT

O ANHow FAURZHE &5 ferulic acid7}e] Bl APL FEolA 7}
Seltin waEn, 4719 g AL @AHoR FEE sl Ay B
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Table 41. Identification of ethyl

acetate soluble fraction of wood extracts by column

chromatography

Fraction Separated phenolic acid, mg g*

group Vanillic acid Vanillin Ferulic acid Cinnamic acid
A b - - -
B - - - -
C - - - -
D - - - -
E - - - -
F 10.50 5.42 - -
G 14.34 9.35 10.65 -
H - - 12.26 -
I - - 12.29 -

* Milligrams phenolic acid per gram of pretreated wood.

® not detected.

t}) Ferulic acid®] A4HS ¢33 37 Aok 2 &4 balance

iy

O 19 602 E ATZ2A3E 243 2@ bench scale <74 up-grade s}t7] 9 3}¢]
=

2E ferulic aciddA7+A RE A4S vElyon, 2+ dA )

o 24 balance® EAFAT A wholorls AR 10 g 02 $H I

549 4 = ferulic acid®] T2 2L7v 7] 985+ 541 mg ooy, 4

O bench scale =& 44l

FEoA F ATl =

H ferulic acid A &3S

=
A5 Fthd T =& F£89 ferulic acid7t =50 R FZEc)
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Agro - Forest Biomass

v

sweet potato stem 10g,

Extraction with 0.05 N
sulfuric acid at 121 °C for
30 min.
Soluble 4.26g, based dry Insoluble
weight
(1) Evaporation at 50 °C and
redissolved in 30 mL of distilled
water
(2) _Extract with ethanal (Q0mT )

v

Ethanol soluble 4.07 g,
based dry weight Insoluble
(1) Evaporation at 50 °C and
redissolved in 30 mL of distilled
water
(2 _Extract with n-hexane (3 x 30mT )\

v

v

Pretreated wood 10g,

Extraction with waterat 121

°C for 30 min.

v

v

water

Soluble 1.71g, based dry Insoluble
weight
(1)Evaporation at 50 °C  and

redissolved in 30 mL of distilled

(2N Fxtract with ethanal (Q0mT \

v

Ethanol soluble 1.69g,
based dry weight Insoluble
(1) Evaporation at 50 °C and

water

redissolved in 30 mL of distilled

(2) _Extract with n-hexane (3 Xx 30mT)

v

n-Hexane insoluble

4.06g,

11 .1

n-Hexane soluble 0.01g,
based dry weight

n-Hexane insoluble

0.02¢g,

11 L]

n-Hexane soluble 1.67g,
based dry weight

Extract with ethyl ether (3 x 30mL)

v

Extract with ethyl ether (3 x 30mL)

v

Ethyl ether insoluble Ethyl ~ ether  soluble | Ethyl ether insoluble Ethyl ~ ether  soluble
3.08g, based dry weight 0‘-98&‘ J . 1.32¢g, based dry weight 0‘-35&‘ J ,

Extract with chloroform (3 % 30 mL) Extract with chloroform (3 x 30 mL)
Chloroform insoluble Chloroform soluble | Chloroform insoluble Chloroform soluble
3.06g, based dry weight 1.02g,‘ s . 1.20g, based dry weight ;12&‘ , .

mL)

Extract with ethyl acetate (3 x

30

v

v

mL)

Extract with ethyl acetate (3 x

30

v

v

Ethyl acetate insoluble
3.00g, based dry weight

Ethyl acetate soluble
0.06g, based dry weight

Ethyl acetate insoluble
1.07g, based dry weight

Ethyl acetate soluble
0.13g, based dry weight

Silica-gel column
chromatography eluted
with n-hexane:ethyl

acetate:formic
arid=100-30-0 &

Ferulic acid 54.1mg

Silica-gel column
chromatography eluted
with n-hexane:ethyl

acetate:formic
arid=100-30-0 &

Ferulic acid 245.5mg

Fig. 60. Efficient extraction procedure of ferulic acid from agro-by products.
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12) A A% Ferulic acid®] A A= 3t

71 9 A9l ferulic acid=
AL aFe] F2 ol XAt

capsaicin FE=H T} H] 1L

o aF ME wFelA 25 AAHE HS dojr
A7Eer A3F, dY ferulic acidE vanilline 2 A3ty
&9l capsaicin®® A&sATt A EW vanillin %
=9koem 06mM ferulic acid 7 F 49l Hdl 2mg/g DW7HA =233l

Ferulic acid A7} vanillin® capsaicin A 4HS

phenylpropanoid thAAME-9] ke

<7 A .

F71A1%

Table 42. Changes in cinnamic acid, phenylalanine, vanillic
levels in C. annuum L. cv. P1482 suspension cell cultures
various concentrations of ferulic acid.

Wy ohue ohe

acid and capsaicin
upon feeding with

Days Cinnamic acid* Phenylalanine*  Vanillic acid= Vanillin®  Ferulic acid*  Capsaicin*

1 1.01+0.05¢ 1.07+0.01" 0.25+0.02" 0.17+0.02' 0.2+0.01" 1.62+0.01"

2 1.14+0.06° 1.07£0.03" 0.24+0.02" 0.16=0.01' 0.23+0.01" 1.84+0.01¢

0 3 1.25+0.02° 1.75i0.02{ 0.23+0.01' 0.13+0.01™  0.30+0.02" 2.1120.02°
4 1.50+0.09° 1.62+0.02 0.27+0.03" 0.18+0.01' 0.32£0.02"  2.06+0.01”
oM g 1.19+0.07° 1.71£0.03' 0.26+0.01" 0.13£0.01™  0.30£0.02"  2.05+0.04
6 0.87+0.01 1.19+0.01™ 0.23+0.01¢ 0.12£0.01™  021£0.01"  2.02+0.02°%

1 0.67=0.03" 3.43+0.01° 1.67+0.03¢ 0.38+0.02" 11+0.157 1.34+0.05'

2 0.60+0.01" 2.40£0.01 1.52+0.04 0.39+0.02" 13+0.21° 1.34+0.03

05 3 0.52+0.02™ 1.60+0.03' 1.57+0.02° 0.48+0.01 20+0.30° 1.34t0.02f
A 4 0.56r0.01kf 1.82+0.05" 3.64+0.02° 2.00+0.03° 40+0.32¢ 1.34io.03f
5 0.72+0.04" 1.40+0.03' 2.11+0.01° 0.62+0.01¢ 34+0.25™ 1.27+0.03

6 0.46+0.01" 1.0420.02™ 2.13+0.02° 0.76+0.01° 37+0.24' 1.34+0.01°

1 0.62+0.02 0.60+0.05" 0.34+0.04 0.49+0.02 49+0.32" 1.34+0.05'

2 0.57+0.02" 1.06+0.03" 0.37+0.02 0.33+0.02" 48+0.35' 1.34+0.03'

L5 3 0A50¢o.01’_“” 0.99+0.02° 0A68i0.01}? 0.52io.02f 53¢0.24€ 1.34£0.03°
I, 4 0.61i0.03{" 0.49=0.01¢ o.37¢o.02{ 0.3520.02' 470.09 1.66+0.03"
5 0.62+0.03* 0.530.017 0.37+0.02 0.30+0.01% 30+0.10" 2.10+0.01

6 0.67+0.02" 1.72+0.08' 1.47+0.02¢ 0.60+0.01¢ 68+0.52° 2.00£0.05%

1 0.81+0.02¢ 3.11+0.087 0.27+0.01* 0.30£0.01¢ 75052 1.99+0.01°

2 0.930.03¢ 2.65%0.07¢ 1.97+0.02° 0.92+0.02° 97+0.58° 1.87+0.01¢

. 3 0.80+0.01¢ 6.61+0.06" 0.42+0.01° 0.74+0.02° 72+0.95° 2.02+0.03%
iy 4 0.74+0.01" 1.51+0.03 0.26+0.03" 0.38+0.01" 68+0.92° 2.00£0.03%
5 0.74+0.02" 2.10£0.03% 0.27+0.02F 0.31+0.01% 64+0.82' 1.83+0.02¢

6 0.80+0.01¢ 3.83+0.02 0.37+0.02 0.42+0.01¢ 69+0.52¢ 1.94+0.02'
*(mg/g D.W)
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Fig. 61. Release of ferulic acid by three enzymes at various incubation time.

o g4Ae e #HE4F 9 phenolic compound® F Al AR F+=d|, Ultraflo L A &
7} ferulic acid A4kl 7FF & 3Z <l ¥bHo| Viscozyme L& vanillic acid®}
vanillin A2kl &3 A o)A}, Ferulic acid®} vanillic acidE® ATFA=Z AT =
vanillin®] - 1% Viscozyme L& A 2/A #l ¥ 1A[3kell Hof 147 mg/g DW9
T2 eI

Table 43. Effect of commercial enzymes on the release of other phenolic
compounds from sweet potato stems.

Released phenolic compounds (mg/g DW)

Enzyme Concentration

Vanillic acid Vanillin Cinnamic acid

0.0 % <0.2 <0.2 0.55+0.09°
Ultraflo L 0.1 % 0.75+0.05' 0.66+0.02° <0.2
1.0 % 8.30+0.19° 747+0.13" <0.2

0.0 % <0.2 <0.2 0.54£0.05"
Viscozyme L 0.1 % 1.68+0.06° 0.33+0.01" <0.2
1.0 % 11.04+0.14% 14.69+0.23° <0.2

0.0 mU <0.2 <0.2 0.52+0.06
o-Amylase 10 mU 2.57+0.08° <0.2 <0.2
100 mU 1.90+0.04" <0.2 <0.2
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A2d ATNE BE ZWNNY ZHE P}

LA 1 AFEIJA: dAES 7ee T3 atdd a5 A48 AF (FE
vl 100% €4)

Amycolaptosis sp. HRI04Z %€ PCR7| &S o]
3z diH], 100%)

- Delftia acidovorans®t Amycolaptosis sp. HR104Z 5 cloning$t fes®} ech 7
2He o E=]4EA Az dFE e fAAEY 7sA wd
(functional expression)= A 2. Amycolaptosis sp. HR10425-¥ cloning $+
feset ech F-AAE hATAA 7|5 H o w BE ) o Delftia acidovorans®

fes$t ech +7d2h= 715 A wde] HA s (1Ad R Hxdin], 100%)

- b2 {4 (Amycolaptosis sp. HR1049] fes€t ech) & 2te AZ2F diddol
A 1g/15 7122 #2748 23 v, oF 05g/17F AAEE AL s
. (1A = Z3 4], 100%)

- 12 dRol dASsiA g vpdd A S B4 o A% AR (58, s
A, FHE, dHEFHZFEH ASLE dAsts vdEES Uy 2dElen,
o2 FH whddls AAe= A 15, BT 15 FEST CAAd:E 5%
4], 100%)

- Eddold o FAEAS AldY o R HAFste tAbsH o] e EdWolTE
A = NTG Ed¥e] e Fo #HE54k dabsee] e sddolF5 &4
stal EAst T e AbsH e FES FE FAAES vhdde] tiE o
el 7l 71Qlske Ao FEHW whdde] Wi Aol of 2wl o] S7h
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o
[*]

EdWolFE R 2AhdE Hx Y], 100%)

g AT FERE genomic DNA libraryES 75 © E 2 < vld el AT
Q1 Streptomyces setonii®] genomic DNA libraryE =38t F7F2 el gk
4 HAERSE Aa vEdd™ A FHAAE grstr] 98 & 36F9
metagenome libraryS @ H3 T QA E &3], 100%)

T5%  library2%8 A3+ vfdd AFA FHAAE cloning  (Southern

jod
e
e

ol

hybridization %=+ Shotgun methodE A}-8&) © Streptomyces setonii= U 3EZ
A vbdd AT studle® ETtskal vidd AR AT el A dA

%t} A Shot-gun methodZS ©] &3 Streptomyces setonii® A7 vl sl A

A 429 cloningS &3t Shot-gun methodE Wl FAA7F =
H F2S Adste Axgo] stk B A oHE MzE utdd FHz7}

=dE FEs dA AN 5 e SAAAES R QadE SR

< = dAgsta Ve FAA
& 2ty e AxRF dZdTe vrdd AL S vl © Pseudomonas putida
A IdE AT
Holou A7 FHA7E =4
d HA &kt wetA Pseudomonas putida®)
fesob ech A e oA 7|52 wdo] A FS5S IokoH 13 d
= A AFEEY Amycolaptosis sp. HR1049] fes€t ech F+AAE 2t Az o
Aol vidd AN S ¥Mud = o @ahdE Exdib], 100%)
ANzg dgdarolA o ntdd FHaAE s HEHE vpdd dAE R &
250 FAS invitrodl = vl = Z7] &l Al
putida®) fes¢t ech +3A47F Wt WellA 75 Aoz BHo] HA o of =
in vitro’doll Ao 4849 vlue P 5 ATk
A71 o] eSS SEA viEY A G40 M =2 fFHAE AY o A

7] e gust B9 olfE fAA e vhde A B4 Wt B

>

4

243 Pseudomonas
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vkt £ F 29 @ FHRE9] Pseudomonas putida®) fes<t
riy

ol 7'ed oz Tdo]l ¥4 &5 7Hed = vk

- HAETTY AAASEZA T JE o vidd AAHEQ Co-A dependent
deacetylation pathwayoll 4l feruloyl-CoA”7} vanillin® 2 HAZFHAA AAHEHE=
acetyl-CoA7} A Well 45 ™AA enoyl-CoA hydratase/aldolase &4 WH-§-9]
AalE W= AL FHEAL acetyl-CoA2l TCA cycle®29 ARE FEst=
citrate synthase 42} (gltA)S pTAHEFe| =¢&lA pTAHEF-gltAS 7HE¢)
o A7 AR =dom vpdy Y] AL 2o = STkt AR H
EhH], 100%)

- WA AERST] AR o vpdY A&ZAQ] FEo] Jheetrid vpd™
of ot A A glo] wAe AMAIEES F3 AFHA =
wAle] 53 vpddoe] APHE Haxe vpddS dASKHow FEE F=
ZE M= vpd " AL d

2 bestl stk BRdE

- vbEE A AES] AL AR o A7) Al BERRETIA wMgERaS
Agtatar 71 ARl HEALS] FFS v 12413 o] FHEH 12A1%F (FA SR 2.2g/L
FER FHES A9l 62g/L9 whdd Axkel shedch olwje] A
(OD600NmM) & 5008 FAHL ¢ =ojA ude Aamts &4 o =o npd

Arde de A= 7bed Aot (3ad= HE 4], 100%)

2. Al 274153} A): Lignocellulose 4525 vldd AFA AV e AL (2R
iy 100% 24)

- UV % HPLCE °]&¢ #E2 5 dAlsd =4 4% &9
TLC, UV, HPLCE ©]§3 &4 =71 Iy (1xd% 533 div], 100%)
- A 9 Bk s diE s dETy AFEs 21 g4
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A lignocellulsoe YEZ st SHFTTHS AFEsI 23 120C
oA Wk AlH om oluw WkSA|Zbe] WE FEE 3+ phenyl propanoid 3%
2 ferulic acid §FS SANAS. HTHoZ HAY AT E G+
¥ d4] 100%).
speha] gy} 53 2l ¥ 9] phenyl propanoid 4t && Wil
IFu 7] dR2HEH A B &2 HUPEgol| 238k phenyl propanoid 2
ferulic acid 3t &y AArES&I AAH2H lignocelluloseZHEH FHFTHS A}
£-3}o] AAFE = phenyl propanoid % ferulic acid S84 E S A5 vl
et (3% WiHl 100%).
Phenyl propanoid A4 2] A A 4]
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AA B A FRE 12,0002 (36 9 Q)=

b 2584 719
A7 Ak
- 71A =47 0 $100~150/kg
A2k & $1,000/kg(PEE AS4E 50~60%= 7HA, AATE AN S
vlol e ntd @74 1 $2,000/kg
ol -t vl 5= 9] : $1,000/kg
AARFE 1 35kg/ton x 10ton WEZE x 1003 %¢/d3F = 35000kg/d 7
ZY 3 1 28/F x 507 = 1003]
<Ay 2F A 0.5kg/ton/AIZE x TOAI R/ 2
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