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Microbial Mimic Metabolism of Natural Products.
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Abstract

This aims to review natural products transformed by mimic intestinal metabolisms

with microorganisms and hydrolytic enzymes, which exhibit enforced biological activity, higher
extraction yield and identification of active components. In the process, transformation to the
smaller active compounds with enzymes and microbes mimics the pharmacological action of natu-
ral products by intestinal bacteria. In order to establish conditions for the fermentation and enzyme
reaction, it is required to choose several natural products for biotransformation and investigate
the optimal conditions for the fermentation or the enzyme reaction such as composition, temper-
ature, pH, inoculum, and cultivation time. It is expected an increase of the internal absorption
of the active materials without regard to the intestinal microbes or its ability through biosynthesis
of the active materials by the microbes and enzymes. And this techniques can be applied to
biotransformation of natural products such as sesaminol, resveratrol, 1-deoxy nojirimycin, nar-
ingenin, quercetin, and baicalin and to the metabolism study using the animal model.
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Fig. 1. Current best-selling drugs from natural products.
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Table 1. Strategies available for bioactive agents
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Strategy Proponents

Advantages Disadvantages

Untapped geographical

Drug Discove
sources J vy

Preparation of libraries
of isolated compounds

Analyticon
Molecular Nature

PharmaMar Australian
Institute for Marine
Sciences

INBio CSIRO (Entomology)

Marine sources

Insects

Plant tissue culture Phytera

Plant-based diversity has
been historically successful

More compatible than
mixture for HTS

Unusual chemistry

Little studied

Control over genetic

Concerns over sustainability of
natural collecting

Cost of production

Identification of source organisms
Recollection difficult on large
scale

Scale-up potentially difficult

Concerns over access to genetic
material sourced from developing

athways .
patiway countries
Combinatorial Kosan Biosciences Convenient production Restricted range of
genetics Galilaecus Oy Terragen using femetor technology structures
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A= Aue] AA7 Dok AAE A Oﬂ:r“’
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o] g3} 4\—8§Q°”jr. A= )E
AP F= 285+ Fuig vl &, 5= Aol 9
a4, dAEe SH40E Q 61 e &Y
A v Ze] A= S| B4 Fo] AR 7
2= 3 ok =3 £ 7w YA E Eetal
A= o] stereoisomer $}3H= 2] A-¢-, v O
AHESY B 2 FE FAdE ofE o] ¥
AAd=2 AARAA A= 545 YR A
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& ooFES M st AAE thAkel] il o) &
7F wl$- Fasith AR o2 EAEA e 3
oy HAEE Il &40 o3| oA o]

Ok UJ ar /\])\Eﬂ__‘

dolu} HAE9 Fxof met 5oy X5 E37}
UE ARHES AT M, A TAlA 2
9] FAHAEHERE BE S| dojut thaEo] A
W ZFE #) &% =4 o]uf Phase I(functionalization)
3} Phase Il(conjugation) .2 {5+ F F79| o
ARREg-o] Jojdt} (Table 2, 3).

Phase I ¥H&-2 43}, &3} 7fRaivt-&-& 23
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23l =AY paclitaxel®]  6a-hydroxy paclitaxel©] -}
3¢-para hydroxy paclitaxel 2 ¥ 3}5}A 4 ellipticine©]
7-hydroxy ellipticine®] Y} 9-hydroxy ellipticine ©. = T}
AbEl o] Al o] Eolxlt) Phase 1T HH-&-2 con-
jugation® A E-©|1} Phase 1 tAMHHEll glucuronic
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Fig. 2. Metabolic transformation of a drug in mammalian.
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Table 2. Biotransformation of natural products by Phase I reaction

Phase 1 reaction

Substrates

Enzymes involved

Products

- Hydrolysis

- Reduction

- Oxidation, hydroxylation

Epoxidation
N-, O-, S-dealkylation

N-, S-oxidation

Alcohol and phenol esters
Amides
Epoxides

Ketones
Olefins
Nitro and Azo compounds

Aromatic, allylic,
benzylic or unactivated
carbon atoms
Aromatic, allylic,
double bonds
Aromatic or aliphatic
derivatives

Secondary and tertiary
amines

S-alkyl derivatives

Esterases
Amidases
Epoxide hydrases

Reductases

Hydrogenases

Nitro and Azo
reductases

Cytochrome p450
Flavine
Monooxygenases

Alcohols or phenols
Amines
Diols

Alcohols

Saturated compounds
Nitroso, hydroxylamino
and amino compounds

Phenols
Alcohols

Epoxides

Amino, hydroxy or
thiol compounds
N-oxides
Sulfoxides, sulfones

N-hydroxylation Secondary and tertiary Hydroxylamines
amines
- Oxidative deamination Primary amines Monoamine oxidases Aldehydes
Table 3. Biotransformation of natural products by Phase II reaction
Phase II reaction Substrates Enzymes involved Products

- Glucuronidation

- Glucosylation

- Thiol conjugation

- Glycine conjugation

- Cabamoylation

- Acetylation

- O-methylation

- Sulfatation

Alcohols or phenols
Caboxylic acids
Amines

Thiols

Alcohosl or phenols
Carboxylic acids
Amines

Thiols

Epoxides

Carboxylic acids

Alcohols

Primary amines
Hydrazines

Phenols

Alcohols of phenols
Amines

Glucuronyltransferases
(UDP-glucuronic acid)

Glucosyltransferases
(UDP-glucose)

Glutathione-S-transferases
(glutathione or
N-acetylcysteine)
Acyl-CoA:amino acid
N-transferase

Acetyltransferases
(Acetyl CoA)

Methyltransferases
(S-adenosylmethionine)

Sulfortransferases (PAPS)

a-or B-Glucuronides

a-or B-Glucosides

Glutathione or N-acetyl
cysteine thioethers

Glycinamide
conjugates

O-carbamoyl derivatives

N-acetylated derivatives

Methyl arylerthers

Sulfate esters
Sulfonamides

e

.

E[oll

[
I~ o 5
TH FEAES

FA o] Z7kE o] AR ] Al A vl & F] A
Aol thAtA ZF phase

I reaction®] 2]3}+ conjugation®] L} phase II reaction®ll

9] %t functional modification®} 722 3}8+x WH3I S

=

3l eF=atsof ) A | ARdAo] a4
HAY, 2318 4P o2 3= A A



2AeFE)°] S7HE7IE 2 [14]

X9,

o
ofl “_EL

&

il

of

e

e

rlr

ox

i)

it

ox,

il

i)

:g‘
ofl, ofl not
o & Ho

+— glucose, arabinose, galactose, rhamnose, xylose
ol Jow thiE FdEZAH B-glycoside A<

stal Uk o9k 22 JEE2 a%olu thael A

28k P EEo] sk gkt Zhid] B4
Sl sl FelEa AWE FTEARE, el = A
B AEES FEHA Xt AR wWiEdnh
oE E9, 429 g4 FEo vdFoE FiHo

+ flavanone &3+ 2 naringenin®} hesperitin< ©]

A

o] viA] el naringin} hesperidin E.t} &4+Hs}H
24, I3 24 T ¢ A4S el e
2 A ot vijdA Fee dHER S T
Es AASE A ol BT e A
Aoyt AW E47F EAskA] Fow AW ES
&0l o dFE AR viEEo A
< YERY 7] ot} Flavonoid$} isoflavonoid Hl &)
= &AdA FEE 7P IR Q] phenol w3+
EZA WA BE b-2ES 3t o fla-
vonol 3}3HE-o| A= 3-O-glycosidet} Sl A X & 7
H 4 X o] FAFS 3t ot E=3 flavones,
flavanones, isoflavones $+31&E2] 4%, =2 7H 2 A
of 3AE<E star Ut} ol widA = =2 HH
oA = Aol Mol HX| FAIRE Ta Y A7l 3
Ae Tl frelEy, dhtd o g SAE0] FES
< o wigAol] wla) FuiEA Y] FFEo] v W
HZY AFAHAE2 WA= &%l F5E T
o b-F A2 thAol A rld =l o3 HEE
A A= BaEHA GFerthal sk AeEAd e
Hj A o] Aol whe} #H-¢-H ™, WA o T,
& A mEt Aol Ao Fsol FHeHET F
2 A 7F s Aol Hls) A 5, df oz
Ty g "olA o axFolnt agA &
ol &4 3}+= b-glucosidase &4 ol 2] 3t deglycosy-
lation ¥ ©] 2o] flavonoid HiGA| o] F< 2 thAt
Ao T3 Ao g2 deHnt AANAE gluco-
cerebrosidase, lactase phlorizin hydrolase2} broad-spe-

-

Microbial Mimic Metabolism of Natural Products 15
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AGThStaL oksteher PAH mEgol o3 T
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+ Enterococcus faecium, Ec. faecalis, Streptococcus
thermophilus, VBII T 227 OS2+ Bifidobacterium
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