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Table 1, *Jw-ﬂ Iﬂ’goﬂ olgEl= cfg;sl % Ulﬁi (Koeller and Wong, 2001)

Enzyme Act|v1ty S React:ons o

" Esterase / Llpase I  Ester Hydrolysis, Ester Formation

Amidase (Protease / Acylase) Amide Hydrolysis, Amide Formation

Dehydrogenase Oxidoreduction of Alcohols and Ketones

Oxidase (Monooxydase / Dioxygenase) Oxidation

Peroxidase Oxidation, Epoxidation, Halohydration

Kinase ATP dependent Phosphorylation

Aldolase / Transketolase Aldol Reaction (C-C Bond Formation)

Glycosidase / Glycosyltransferase Glycosidic Bond Formation

Phosphorylase / Phosphotase Formation / Hydrolysis of Phosphate

Sulphotransferase Formation of Sulphate esters

Transaminase Amino Acid Synthesis (C-N Bond)

Hydrolase Hydrolysis

Isomerase / Lyase / Hydratase Isomerization / Addition / Elimination / Replacement

Muitidisciplinary Science 2, A3} 7|< (Combinatory
Technology)9) 3h}EMN AR £713AAHL A
23 A2 AF7184 Program A2e] 7FsA-E A
A8 Slck

Bio-Organic Synthesis
In Future

Biosynthesig

Complexity

Direct Fermentation

Biology

2. 477|184 (Bio—Organic Synthesis)

Biocatalysis
Chemocatalysis

Stocichiom Synthesis

Diversity

7171 eS gokES TS RE ARse AE
o) kel 71 g =PRA AREUL oy
RIS AEHoE o]8HANT, BB -
AMejdol g 2 AAA (Selectivity and Efficiency) — Figure 1. % 718 é!z!*ﬂ-} °7IE’“—4 HE (Personal

>,

2 Eol7] 95 22 olAHE 2IES HEY SEa Communication).
Organo-metallic Zujje] AHLE F7o) fa)g B o
2k f71AdNREo] tiRE w8 25 71 dlellA] o] 220 REAE ZFs g Bt o F
Fold B Energy® AR87) ol olo] me 27} 4:« o2 WEE WSS BR AL wi
99 87 299l PAEL AU Aek olel® B3 A% xae] Qoltk A (Nature) & Tt 4z}
2qel Hag e Fua] da 87 AU ME o 1S olgaa, JARVNE Be 72 7}
A 7E Aol S, A7 A7 2L Twte g2 2l B&A B4 (Bioactive compound)S A Ffe) o=
@ BR71g0) M AFsAE AN Ak 3 uhe 2SN ASHo Ane ok T B
ARATRE D st §Ae) A0E S #71% o) LT AE W) AR WS Hydroxylation,
Aol AFAAHS FEATIE AEE “&A4 (Nawre)” Oxido-Reduction, Decarboxylation, Acylation,
&) A 71eg oldstd {71 el I Bt Glycosylation, Halogenation & of™, o9} Z+& tjot
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Table 2. Z|Z20) W= SEEtSAIN AI-‘?-

‘ Product
Am1des alcohols, acids
Enantiopure alcohols

R-Amide; S-amine
R-Mandelic acid
Amino acids, penicillins

Non-proteinogenic
L-amino acids
L-Aspartic acid

Aspartame (L-o-aspartyl-L-

. phenylalanine methyl ester)

;. 6-Aminopenicilanic acid (6-APA)
. Semisynthetic penicilins
N-Heterocyclic compounds

: 6-Hydroxynicotinic acid

! 5-Hydroxypyrazine-carboxylic acid
: 6-Hydroxy-S-nicotine

4-[6-Hydroxypyridin-3-yl]-4-oxobutyrate

: Non-proteinogenic amino acids

S-Piperazine-2-carboxylic acid

. 5-Methylpyrazine-2-carboxylic acid

EEELERR

£}

g% AT SATH

U g°7 2 33
. Reaction o Evr]zrymre T
Resolution Lipase
Resolution Lipase
Hydrolysis Nitrilases
Kinetic resolution Amidases
Aspartic acid

Addition of ammonia

Selective coupling

Hydrolysis
Selective coupling

Addition of water

Addition of water
Addition of water

Complex reaction

Selective amidase

Selective oxidation of a methyl
substituent on an aromatic

N-heterocycle (pyrazine)

Ammonia lyase
Thermolysine

Penicilin acylase
Acylases

Niacin hydroxylase

Nitrilase/hydroxylase

Hydroxylase

Several

Stereospecific amidases

Xylene oxidation pathway

g spehukg2 Tees] RIS
A2k

(Mulmunctlonal)i AeEm, 8 ’d"a“’-‘ﬂ 2l
AU led, AgHQl
< EaMe AAET] oHE AUt diFFoitkh

(Selectlve Chirality) &

31‘% AR718H 71e2

& AISHAD 2 AE AZS o] g3l 2 &
wak ol g, 3tstEE & (Chemical
53” ‘3}%@ 7]

Ag )\]-?‘5

Derivatization) 7|&-2-

Eal A1 of
P AR Tble 4

<2 de novo Biosynthesis

Z

F

G A3

A% /0 B4¥

\

Organiom |

P.putida, M.neoaurum,
O.antropii, rec.E. coli

E. coli

B. subtilis

E. coli
E. coli

A. xylosoxidans LK]
Agrobacterium
DSM 6336

A. oxydans
NRRL-B-3603
Pseudomonas

sp. DSM 8653

K. terrigena
DSM 9174

P. putida ATCC
33015

o g fr1seE S 42 Ao (Figure 1).

F18 ) Beele 98
tFe s 22 AN

3} (Versatility), A7 E22) A=

7V Aol gl

Fe g x
(Substrate Selectivity),

Z AAEe] M) B8 (Regioselectivity /

I Enantioselectivity), 3}8} Wh-2-712] A& (Chemoselectivity)
$ T RE ASYIRA ¥go] ALl olFold & it
f7lEds = Ao, AEAIFEE L& A/NYE As
& 088 A et 2L £AE AT + Ak
43 7] (Functional
o BA3A A FA AR R Hage] B3

group) 3 HIHHOEM 7)5A0] Z7HE A2 S BT
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o
o 2L 7718 BE9) AL R A2 #71T
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HZY AR 71 AEAY A A=
AT S ol & Wt ohe}, B4 tiAL &
& Eol7] 93 §HA AEXF (Gene shuffling) &
23 Molecular Evolution ¥ AAA 22 A3}
FeAo] B N2 EAE UK 30 HE
o dggoeH fsd AN 715e YA
N2 F71FEZ S Akt 8853 3tk Whole
cell & o188 ABABHS AR7ITH THE 4R
AL 018 4 g APERE PAEe) AU 9
£ E54 VS o] g3l 84 BEE AR WL
2, o|AL AT o &3 AEHEW I vt} BA
29l Wo A} 74 wighA s, 3] Co-factors 22
2 3= Redox Biotransformationdl| & 1 7Fx] 7} Aty
Z‘} o2 AT 9tk Enzymed} vlRVIR|E, vAE
£ Molecular Evolution 7]&% ©]&3F Whole Cell
Evolution& B3 A2 T =719 tA} 22 A
U 2% ujAE (Recombinant Microorganisms) =
At A2 BB tee) 47134 34
& weskalel 1 Ts) G784 HRE B9 9
9 P2E 7R Z¥/PH St B8] A )3
]

9 ox OHH

s
rE

LMl MERIIEMIIE (Industrial Bio-
Organic Synthesis)

A AEASTIES A5 AR ©
£ T2 ApsjAlet FRIAE THOE SR U
TH HE A 35 B gl o] gEH Jlon, 4
F FoplALe dFE ol &5 Atk AA 103 ¢
7

318} Fofol A= A E43L7]< (Biotransformation)

2 o]83 A $59 AAHE 7P 2L FHo
AEERed, 11 e AL solve FAG
(Table 2). HZ7HA] 1509F] M4 BA713H43574
ol Mesle] s}t L Ak FHA JAlellA thFEE olE
H3 glont, AAAE olfE AF % AF 88
Aol A o} o] &EX G Qlth SHEIEALE S AR
718 AL o835 thekgt sstEE S ek
o8& FHEAEL FAAE 100 ton/d (e, 6-
aminopenicillanic acid)o} A4 10,000 ton/d (i.e.,
Acrylamide)8} R AAFE| 3 Qe AT 571
4E ET G/IRAT ANFS BA B} A7) 2%
roll 2pA|3kA] F3kt (825 Billion).

AEARS o)L AR L AR/NIYY TS T
G 7+ w388 Carbon o]} Energy SourceE
o] &3t de novo A¥AFE 2o, @Y Av=d =
E d%8 A3 v olgd g4de Ad _LT7M
SeAES AAEkE 2E Ttk AT 2H2 Y-
ABE Wlse Aol $20 BRI, T4
& 5T S0AE o133 341 ool oleld
Whole Cell == Enzyme$ ©]&-3}
I B Al AR, 97 A1
;\—17]/\0 AzrBog Mol shskAl 279 xg)\}oﬂ
714 ol SEgiEd, A BEY BA AL
& Hydrolase 52| #8] &4 E o|83 E4 Stereoisomer
2 2.7) AA|5H= vhY (Optical Resolution) - Oxidoreductase
S o tjekst §A #H Enzymed o] &3ty AF &4
i.‘f‘_Eﬂ a‘]— EX—! _4 .\J—g-kl L= é o] }\g/\}-g}.}:; Hg-ﬁ—l
(Optically Pure Isomer Synthesis) 2 & &t} 3
Molecular Evolution @ Genomic Database S ©]-£-3}
Ase 7150 FYE MEA AZTE a4s vE
T Adxoz AUsAE gk -&FH o, Non-
natural amino acid synthesis (DSM, Degussa)$}

>,
hiicA
oz
oE
rlo

ot

=

Asymmetric Reduction of Ketones (Daicel) 5o 4t
AAo 2 o] 7 grk o2 gk Direct Gene Evolution
/ Shuffling & ©) 43 N2 A&Fvf A4 71> A7




© @ YRITA g2 A AN

EZ o] el E4S 59 AE)(Substrate Specificity)
of gt ohz), 22 Al B3 o @4
E4S A F glE A4 34 (Broad Substrate
Specificity) 8] /HZol e 23& o] /LE L Slck
(One Infrastructure/Technology Platform).
AR71HE BT A 349 A2 s A
E2d] w2 782 Capital InvestmentE E35+ YAFA]
A AulEthE, S8t @ e S NuEl
AL SSHE A S AN e AAEE AREE AS
7} @t} (One Infrastructure/Technology Platform). &
1S BR7TEY AR A7) AsiME AR
7184 71 R AL Al ABlE $13 349 Capital
InvestmentE 3 52 A2 GE whE AAA 7
B st 2o, BAA AP 18 g *@
$718471¢ Bk ojjeh, 44 ol Arke 47
vAE £ FAE A AHELY 5 (Product
concentration) ® 4§ (Yield)o} €3 At A28
A B8 AdE A4 g3 22 Extraction,
Distillation, Membrane Filtration ¥ Crystallization
9 odd EeZleis oldstd #a ZFAED
AT BRI ol &) FE S ER YA
Wl ol 57 stow, oleld %e FE 3
GEUe EANST 1) AT+ U 715 Ao
ARANTAL o188 AAH AT Aol F2
2471 "k
H—‘?—Q,] AAE AF718A LA Batch System
Plug-Flow Reactor Configurationg $4 9.2 7}
7197} g f-E-o]1, Immobilization 7] &L AkA
Hj 23k B2 9 Diffusion ] $HAIZ Q3] AHdE- A
N BA el AT AYL o) BEAS
2 Continuous Reactor®} 3 o] &5 7| st} 1
VJ“—E— A57184 343 g Well-Stirred Reactor
183 Ao g v S VRS 2R 2
A3 T 5 Ao AG7) Al o) FA o] AMAAL S
sk & 5 A= #Hde] Aseptic System ] 7ldo] 7}

2

o

i r1
rlr

:10 mlm e o

Rl

1y o8 mlm
mlo

LA sl s e ok "5325 N3 g7iEAel AR ) 7148

Sotth T8 AR S =017 gt 3
& g T Ao E B A7 FEHATE &
2ol &= Organic SolventE ©]£-3F Hydrolase 2] <3}3}
A& (i.e., Transesterification or Amidation Reaction)
ST AEDAS whHo] ol I HAAT Ao s
febel FA-2 107] mlgte]o} 3kx]9F Organic Solvent
£ Aqueous Phasedl] #7}3ked, Organic SolventE A
7 E23} QA EA 9] Reservoirg o]-43H= Biphasic
Biotransformation Reaction®] 7Hgtx]o] 137] o]<]
2+13 Multiphase Biotransformation A§AHZA o] 7l
ek ) REY S, A7 242 Powder FEE
ZAsted Water Solubility7} Holx|=d] o] A&
Sl A S "o = T 8% Q47 "tk o3l o]
FZ A7 2L 43F & 0= Organic SolventS
©]£3 Multiphase Biotransformation A2 o] 7
dhglo] oj& 7w s}t &A%Y oluE Whole cell
< ©]43 Multiphase Biotransformation Z43¢] 73,
o710 715 Organic Solvents AEE2 ] Reservoir
A 2L Wk ol AT EFY ToxicityE &
7] W] B2 Fo AT =4S FJ7H g 5 WA
slo}. Z1#) 2 & Organic SolventE £-3Fin Situ Extraction
& fﬂ’”“’“«] 548 SolX A E HAE, BEA
3lo] 848 i3l l71% @) in Situ Extraction
g 53 ﬂ%‘- o) Bl AAlE A R E HE A

2159 ]38} E4] (Physical and Chemical Properties)
d wg AAFHEY, 4wy o F Distillation
Crystallization®}] ¢]-&2=]%, Extractant®] o3& A=
< ©]43 Solid-phase Extraction =& Liquid-phase

Extraction 7]&0°] $-45H7]|% 3o}

. Mefitdel WRIIEYIIEe ol (Bio-

Organic Synthesis in the Pharmaceutical
industry)

HIole W2 Ak A2 eE HIET
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Microorganisms Conversion (%) Disateroisomer |somer Excess (%)

Q
)
N
(0] 0]
Rodotorula rubra 100
Rodotorula pilimanae 100
Saccharomyces bayanus 97

Figure 2. 4Q7[8ZH. Carbonic Anhydrase Inhibitor MMS 9fst ClkSt D|MES 0188t
Ketosulfone2| H|tHZ! Bioreduction (Buckland et. Al., 2000).
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Chemical Synthesis
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HO
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Biocataiytic Amplification

Soybean Peroxidase ‘

/ Baker's Yeast

Halohydration Reduction

Figure 3. ¥R7183d. |7I842 8t Cyclopentenone?| &4 £
ot sisiEEol §4 (Rich et. Al., 2002).

Lipase / Protease

 ARNIRE7IES ol 8Ed, A,

. Virus A4, 843, 34174, Cholesterol-
f lowering Agent, Calcium Channel
Blocker, ACE Inhibitor 5¢) A4S ¢

3k oJoF 2704, ©]oF Metabolites X 9]
oRE G A 7les el
o] &3l ek YoREE HAFeR =
< Aak ©7HE A glof, Aokl ALE
Nz ABA 2 AL A% 9o
2 AEAR 7S o83 AR
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A= lkg A 100kg HEE FF7H
oforE B AT 22 S *g"%b"’— Utk
213k 2R R At oiRE A
AAE F3E = U 7“54 FO T A,
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AR Ak g 717 A 9
 AAo] Ytk ApiddE w2 At
@l tigt Alg Hoke 4 d 52
5at ofujdieke] % Al A Al
7 Ae AjofsiArre] AR wE
Z719] Aok Aatel o 2 A|okS ) o
o, diHe s wue-o AR7IEA
AN AFA ok B3 A oF
A= Alof 7iet 717hE ©25317] 98
AoF A A A+ 2 (Building

l’

- Block) i 7M1 (Intermedlate) *M

< ;ﬁg}a = 8.7 ]%LH_,] k=
a7 Y= AFALE Bl 9Ie *@*J 3
o, 99 e A7 B EE 30
£ olgs) Ak WA el F3Hel
Ak A 71 FA (Multiple-Step
Synthesis Process)< 7]atgict

A k3| Aol A 7R AR e
nAE 5o AEAed A% YA &
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184S B3N AEAA g4l
A Ao g HASIAY, 8A4o) theket Feje ook
< Aakshed] o] 852 9t ¢ & E°}, Glaucoma?)
2 8E 938 Carbonic Anhydrase Inhibitore] AAHS
M E QJofE FTA7E A FEAYE Aok 3t
=, mAE] 739 F(species)dl) mheh thdet A A
o AEA] JAAAE AT ¥ & ATk AYH IF
A ol RAAE A Y8 B K19 HAE
AR &3 Whole-Cell & 0|88t 1 ©AlS] &4 71
o] JNrlo] AMEE I glck (Figure 2). 3 A7)
AL 47184 S E3 AEA 9E FAA, FLA
B 23 kst ALEE T F7HC AEHIYS
0]43 t}kdt 7154 15 (Functional Groups)$& X
7b 5 AFANA AEY g7 2 HHE S A
Z & gled, d B9 A 2 3 224 Ve
7H4 Conjugated Cyclopentenone 2] th3} Al

ol &8l Tt FEAE s WOl

o [e]
lx'i“\:‘ E@E

1

o et

> ol

L

SR T &4 T Whole Cell-g o]-&3 thaksl o] of
F9 FA4E AT AR &2 APHY &
2 239 A3} TheFe 497134 58 (Biochemical
Reaction Activity)2 A 9lAE #F FR7} A
so] 4F A0 T AAFAH Mol SEH7AE A7}
2tk H2olE NovozymesE HIE3 4H] 8§ EAE A
Al 2 AR AE GAIE, A A AR71"
A 71 N ol F-g37] fstd, HAY HFH
ol gl AHdTtRe] A AMAARR ofe} St
2o} F2 A AAE AREE Uk 98 S0, A=
& E4E Uk B4 SHE TIREETH £
AU AFA AZFstA, A ARRHL e 249
#4& i3k (Optimization)Al71= AEAY &7t 5
o] FEMAE Fih o] AR AAs 8, A2
108 474e] A Aol whe} 2H§ 3} Direct- Evolution,
Shuffling # Genomic Informationg o] &3} Thygth 7]

Zo] NEHAT o2 Q8] AMRT EA0E o] &35 Y

1

AL o NTAT 9oaAe A% /) A4

o

A SJoRE Fo] TS Uk

et g etE 8t ojMEe| HE (Micro—
organisms for Chemical Biotechnology)

DB TERE A7 A WY AL
AstRon, nAE HEE T AF AL T BA
slo} QAT R Aol $trh Pasteur ©)F-
ZA 100 @ B¢ vlAE] Al AEol] AT AT
5o gugion, 1 A7YYS LR (Traditional
Fermentation)o| M€} 87 3 HEF3 T vpfat
RolZ ZhEc) o] BE foo] d7dde ndE
o Asetd 54 B vIAE cAEY) Bejske T
@ Zael 7% 2 B4 B9 gL A7 298 W
o AT MRS PR BAT RS B AT
=, Bayer-Villiger Reaction, Diels-Alder Reaction,
Bamberger Rearrangement, Strecker Degradation,
Beckman Rearrangement, Kolbe-Schmidt Reaction
S0} §71849) 718E ol TR Sepitge] o]
Qe A} Zgol BRG] ek ARTIBA 01§
B A2 H71BAS AT Y= AL Bol
sttt &3] Nitrile hydrolysis, Ketone Reduction,
Hydrocyanation, Hydroxylation % Amidation Reaction
& 35 Al 71EAQ] FU1RAE ] YFELR ol
g3 9on, nBES o]L43 Epoxidation ¥ Bayer-
Villiger Reactiong H|#3 tkst Asist whg-& o]
43 A7 71eigel 3 AT ok

FHdols EE dAREA A7d3s Metabolic

Pathways (www.umbbd.ach.umn.edu), Genomes (www.

microbialgenome.org), % Enzyme (www.expasy.ch)
59| t}oFsl Database 2 A A3l ol BE AFAE
E4A) VIR tAlaHgel Be ANE 9 & Ut
o]2]3} t}ekél Database= Biochemical Engineering
3 HE=o] A2 99U HHAEF S (Chemical
Biotechnology) 2 S lo), 53 AN SergE
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FeHEol = {7183} MY S 2
ot LR AH713H] w8
ol M ofFo1z FzIstH ol Ao = WA F
o] AR ol ik AdFH O T HFH AH
5759 Aee danE 4
E 9J& vAEWAIE (Microbial Physiology)E &4
©o 2 § 448315} (Biochemistry) ¥ 38} 238} (Chemical
Zosjrh Eg vl E At ot
e sdolA, 24 Fol el B 7)
% Tl AAH WA el
Agsng HHo Ay EFo) Mg 2 a37<)
g3l vAES AR e A
F713Q] AA A 7121

PlAES PES ol

NS 08 B B4

Engineering) *]2]o}

_E_ i}@‘_}%;ﬂ [s)

=9 &£ gAE

2L A48 A%
st} oaba

AT &Fol

'5_'\:

& AR
4o 9 h1eh

28 94

Substrates

Product
Recovery

>
Proces —
Economics

Products

Brocatalyst
Selection

B

Downstream Sereening
| I
/n SituRecovery Enzyme / Cell
Application & acala{y S| [A
Characterizatiot
I N A
Stability Kinetics
I L
Immobilization Bloc_‘ata/}fst Reaction Condition
Engineering
I I 1
Cofactors Cell Engineering Structure
I |
Muytltiphase System Process Engineering

y

Enzyme Engineering

New Reaction

sk ve AN S8

4

[
r,}oh:} FAE QAT S A 4 Ao EME 11 F
840 A=, MAES F

F2% 9%s ¢ Aotk

.SL-

M2 (Outlook)

O 24 o83 B4 tAFY
Reaction Scheme)2 BioCatalysis (www.accelrys) &&
& o448 FY 89 Biocatalysis Database
(www.umbbd.ach.umn.edu)S 3] <18 4= 9]y &
I+ 35,000 o]Are] &A ¥h2-o] Databasedt Ho F-
G ARE Fhsal w8 Aol thekel vl
A A<l Genomic Map?] 9402 A2 & 3

A% oH, M2 A7 A FHE A

g e RS ol ok

oA FE5F At ZE& 7PXLTL
(Microbial Diversity)$] WA

4 5% B ALE A8 208 12 4 A, B
£ Database E o}-&3l AJE-& TAE 7] gt
High-through Put Screening®Pd 9] 7§, & &
Recombinant Organisms 2] 7}
H| 23 AJ 2 Reaction Technology®] 7§23}
5 Qe 1A K784 A P2
& 9% olth REA 471849 29 A47)
THE AENZ ol8ste] ke 1tel shat
228 JUSE WU olF Aad 2 A
Holw), HAHQ) Hh 2 AR WAHEL A
9 5 Q= ARe 37 2Ue) o) Hasjol
of gtrh o] $t Lf-£o] HZoll= "Process Chemistry”
o /hde= &5 it (Figure 4). P8 &
L EAE )89 AAAL 2F AE WU 1

(Reaction activity)3} A=t

312~ (Biochemical

FAE W

3k Fermentation-2

Figure 4. ZMZXOl M8 T U 948t “Process Chemistry”2] 7HH& 0] %;f—:! 3\‘1 @'}‘ 3 %@.94 %M o]] 9/]& "§ }ﬂ'}‘ég Z‘} 3}%
28 £x0| ME0) (Biocatalyst) 2 &

18 || D=t

ME (Schmid et. al.

, 2001),

R3]0} BT o)2)B BAIE FHa}) AaAE 7|




ﬁ_x%___i a4 1:[] g%
Reactortjol} A 2] <f gkej)
W jie) A AN
HAE EfAMT

< TP YAl G4
BE A7t A& oo} 314
AA70 ek (Process Engmeermg)
AEdS] A F7ME F

t}. ©]2] 3} Hol| A u)A &3k} (Microbiologist - Microbial

Screening / Strain Development / Whole Cell Evolution),

A+ A £33} (Molecular Biologist - Enzyme Design
/ Molecular Evolution), 3}8}} (Chemist - Biochemistry
/ Organic Chemistry)& F§3+ 3233} (Chemical
Engineer - Reaction Kinetics / Reactor Design)ZF2]
2E A9 5o AAEL 1 N2 AYH 487
H3 AIETARE 43HE AL 4 3k “Process
Chemistry” 9] Multidiscipline S o]-83F tjokst A
) B A7 wFL W W 4L 7R A
2 AR7154 71%2) 8o B4Holoi, “Process

Chemistry” & E3] 249 AR7184 9 AAEZA 7%
Bioreactor 24 ¥ %0l 3 9T A= A7 A

A 719 Bioprocess 2] 413} (Commer-cialization)
S $3F Scale-up 715E A3} oA L), AEL
A& Y3 7 9 ke 274 (2%, pH, ¢4, Solvents,
Reagents) 7 A& 44 (Sustainability) 2}
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