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Studies on the Development and Application of Biocatalyst Systems
—Monograph—

AT1sUO TANAKA (Department of Synthetic Chemistry and Biological Chemistry, Graduate School of Engineering,
Kyoto University, Yoshida, Sakyo-ku, Kyoto 606-8317) Seibutsu-kogaku 76: 8-19, 1998.

1. Research on the functions and biogenesis of yeast peroxisomes, which appear in n-alkane-
and methanol-grown cells, is summarized. 2. The immobilization of biocatalysts, especially by
prepolymer methods, is demonstrated, with emphasis on the application of biocatalysts in organic
solvents and in the live state. 3. The bioconversion of organosilicon compounds is considered
in connection with the specific features of the silicon atom. 4. The development of cell surface
engineering is introduced, especially with respect to the construction of yeast cells able to utilize

polysaccharides.
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Fig. 1. Ultrastructure of n-alkane-grown cell of Candida
tropicalis. CM, cell membrane; CW, cell wall; ER,
endoplasmic reticulum; M, mitochondrion; N, nucleus;
P, peroxisome; V, vacuole. Courtesy of Prof. M. Osumi.
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Fig. 2.

Presumptive roles of peroxisome, mitochondrion, and microsome in n-alkane-assimilating yeast.’Y Enzymes: 1,

cytochrome P-450; 2, NADPH-cytochrome P-450 (cytochrome ¢) reductase; 3, long-chain alcohol dehydrogenase; 4,
long-chain aldehyde dehydrogenase; 5, acyl-CoA synthetase; 6, acyl-CoA oxidase; 7, enoyl-CoA hydratase (bifunctional
enzyme); 8, 3-hydroxyacyl-CoA dehydrogenase (bifunctional enzyme); 9, 3-ketoacyl-CoA thiolase; 10, acetoacetyl-CoA
thiolase; 11, catalase; 12, carnitine acetyltransferase; 13, isocitrate lyase; 14, malate synthase; 15, citrate synthase; 16,

aconitase; 17, NAD-linked isocitrate dehydrogenase;

18, malate dehydrogenase;

19, NADP-linked isocitrate de-

hydrogenase; 20, NAD-linked glycerol-3-phosphate dehydrogenase; 21, FAD-linked glycerol-3-phosphate dehydrogenase;

22, glycerol-3-phosphate acyltransferase.

Abbreviations: Acetyl-Car, acetylcarnitine; CA, citrate; DHAP, dihydroxy-

acetone phosphate; GA, glyoxylate; G3P, glycerol-3-phosphate; ICA, isocitrate; KG, 2-oxoglutarate; MA, malate; OAA,
oxalacetate; OH-Acyl-CoA, 3-hydroxyacyl-CoA; Oxo-Acyl-CoA, 3-oxoacyl-CoA; SA, succinate.
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Table 1. Levels of peroxisome-associated enzymes in C. tropicalis.3)
Activity (nmol- min~! -mg~1)
Glucose-grown  Alkane- grown B/A
cells (A) cells (B)

Long-chain alcohol dehydrogenase 6 80 13
Long-chain aldehyde dehydrogenase 9 98 11
Acyl-CoA synthetase 37 70 2
Acyl-CoA oxidase 6 2500 417
Enoyl-CoA hydratase 55 5700 104
3-Hydroxyacyl-CoA dehydrogenase 0 240 —
3-Ketoacyl-CoA thiolase 3 540 180
Acetoacetyl-CoA thiolase 41 110 3
Catalase 170 x 103 4670 x 10° 27
NAD-linked glycerol-3-phosphate dehydrogenase 11 169 15
Carnitine acetyltransferase 531 9870 19
Isocitrate lyase 171 529 3
Malate synthase 23 65 3
NADP-linked isocitrate dehydrogenase 242 491 2
Uricase 42 182 4
D-Amino acid oxidase 112 73 0.7
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Fig. 3. Structures of typical photo-crosslinkable resin prepolymers (ENT and ENTP) and urethane resin prepolymers PU).

ENT, hydrophilic; ENTP, hydrophobic.

BARCET L.

REWIL 7 VA ) ~—DOE % Fig. 310RTH, K
BHEESE v R ~—ehoTiE, RV =FL vy
2=/ (PEG) % EFHE TS b O (ENT) i 3EAKE, )Y
TrEVY 7Y 2—A (PPG) X ET S L D (ENTP)
BKMETHS. i, BicoeHTFED PEG 2 PPG
FAVCOII LRI, TRV~ —DBEYTELS 5.
IO, ZOFEDFDET =4 R FF VD F
VI —TEBBITZZ LRI, 1A VDT LHEY
T—wRARTHILLTES. —F, vz UBlES L
AY=—(PU) TR, FHOEYV = —F L4 — DY
‘EExIch, £8P D PEG & PPG DEI&AE L 5 =
L Xh, HECEKE-BAM S VvADR 17
VAY T —RERTES. KEOE#L, XNEELBE
T URY) 7 - TLERNMROERMBS, v L& il
TUHR) = —H->TRKEDEA LS, EhDTE
M OEEISRIFIC L VRO RIS TH A ¥ F 504
RzZR—DOFECEBLTELZ &, b UHYER
ALERHEOR N s TV EY v — R AR L TR &
ER XY, BFORE, BAME-BAKESZ VA, 14
VHREBCRES LA LB 5L 18h D
DD EDE S S VEY = —FHACCEELT S -
Xy, EHEMECLAREEAIEKT S Ll L
7c (Table 2).

CDLSTARDIH T, BETNEHDOD—Z,
FRBHEFCTORELEH 5. FREBL HRPA T3
ARILEW ORI IBKELEHTH Y, Thboit
FERSLEBIBE, AREEFcTbhs. #£3%, ©
D X5 It EW D EALERIGE, BERED 5\ T H
{ERBEECIThbh T & 1oy, BEEfbE s A 531
FVT7 72 ~DFRBO BRI EFRBIETH D L5,
BT EEBEB L UCEBDBR B ENNE LS.
Lichio T, BEBHP COLERIGIET—DDETS
S7Ch, M, BEBREIENSEZEOLERTH S
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EDREETH 7. 19784, [UBEXEE FEEE
RFEHE, BRFRBAETER L TERBF) 238
EKDAFYRLY, K-BERBE_BRTATrA FO
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LRI ERE ST T, ZOBEDOETILEITS & &%
W, AREREPTOBA AT vt FYOXBERAL
7o) X DR, FinZ ERAEOEEY I HE
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HEDOBUKE-BUKM 5 v 22, REOBKE, Bk
OEELEEEL T, RIEOBMBCEREEYRITTE
EEHLI L, BERBEP TOEERIGDTHEM &
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Table 2. Application of biocatalysts entrapped by prepolymer methods.
Biocatalyst Application
Enzyme
Invertase Hydrolysis of sucrose
Catalase Degradation of hydrogen peroxide

Catalase and glucose oxidase
Lipase

Hydrogenase

Glutamate decarboxylase
Lysine decarboxylase Assay of L-lysine
Organelle and related component

Construction of artificial yeast peroxisome

Hydrolysis and reforming?® of triglyceride; optical resolution of terpene alcohols?
Reduction of NAD*

Assay of L-glutamate

Mitochondrion (acetate-grown yeast) Activity of adenylate kinase

Peroxisome (methanol-grown yeast)
Chromatophore (bacterium)
Purple membrane (halobacterium)
Treated cells
Escherichia coli (acetone-dried)
Baker’s yeast (dried)
Hansenula jadinii (dried)
Enterobacter aerogenes (thawed)
Citrobacter freundii (acetone-dried)
Alcaligenes eutrophus (thawed)
Arthrobacter simplex (acetone-dried)
Nocardia rhodochrous (thawed)
Rhodotorula minuta (thawed)
Several yeasts (thawed)

Synthesis of ATP

Living cells
Streptomyces rimosus (growing)
Streptomyces peucetius (growing)
Propionibacterium sp. (growing)
Curvularia lunata (resting)
Rhizopus stolonifer (resting)
Sepedonium ampullosporum (resting)
Corynebacterium sp. (resting)
Saccharomyces cerevisiae (growing)
Baker’s yeast (resting)
Lavandula vera (growing)

Assay of L-threonine
Regeneration of ATP
Synthesis of cytidine diphosphate choline

Analysis of function; activities of alcohol oxidase, catalase and p-amino acid oxidase

Generation of photoelectric current

Synthesis of adenine arabinosideb

Assay of cephalosporin C

Reduction of NAD+

A'-Dehydrogenation of hydrocortisone®

Al-, 38- and 178-Dehydrogenation of steroids?
Optical resolution of menthol?

Asymmetric reduction of 2-methyl-3-oxo acid esters®

Gontinuous production of oxytetracycline

Production of daunorubicin

Production of vitamin B,

118-Hydroxylation of cortexoloneb

11a-Hydroxylation of progesterone®

16a-Hydroxylation of estroneb

9a-Hydroxylation of 4-androstene-3,17-dioneb

Continuous production of peptide; production of specific peptidase
Asymmetric reduction of 3-0xo acid ester?

Production of blue pigments

# In organic solvent systems; b in water-organic cosolvent systems.
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T, FELIEARL YA X DIRHET %l b5 7o il
Lichiow. Z0 X5k, YABRFOBEY BICEL
TELSHE, THELTE50L 7V EY v —HhoEH
D—2TH5. RBDOZM CHRE L cEELREE %
3, R TEER T A bk ), BRI
7o TKEBLE® AR L.
BRYAGT L) FHIRTFVCHh D a-BES5RAF%
DWHEEIRDLEE, D ELARTFIRARBCHWMIN S <
TFE— VI L DRI, B B Lo\,
AN, LT = v ONEBEHEBIE S LR Y
~—%BELTEB LA VE L, XTFF—Ep7T =
R HOICEA S LV ICRE S, BEMFoBEsET
DENEB Bl d. DL LT, EARFD
REERAENTRE L Is ot —F, HEoEES LiIc
BRECHGYEELT S L, BEARFLHFFOrL &
V- O VSR BRI T AR T F £ — & (Leu-
lysin L @f8) NEBEHWENDL LI 7.9 20Dk
S, AAVHEDTVEY) = —R{EIRB LYY,
BEZALDAF v HERELS 504 T LAY =—HED
FIETHS.
TIRRHEMORBEEEC S\ TIL, MR- mE
EEVER LisC &b, BLiE LD E IR
Twad. LaLierb, MiavEEtL, v7 275 —4
~NOFWEEBET B LITL D, BEAEHEBE LT
Mg, ERPCRBEDETAERILD LN TE DI
TTHhD. EBE, cor>kELZOTIR, ¥EELHE
LTz % & &L BEIE L Y wash-out %58
22D, BBECLIAFF VT bIHA 20 v
DEGAEED CHEYEEMRC X s FaEEOEREE
EDRI L. L CEYEEMROSE, X
5 B AEIHR THDTORTH - 7o, FERFCE
AL X Mo AEFR ORI ENBEEC RSN ®
T DA, FHF 7 DEEAL, 9 FHADILE 7t &,
LEIENDHFOILAY BIs LA M oEE Ly

BATEID, TRELDORERS Table 210 F EDT U S,
I, TITHBANLESVEY < -8, BERSATE
COMBEBCFBINTE T 5.

3. BRITARENFORE

EAMEY I FIENSTFCERAT LD, AE
B LI R E TN BRIE GEEENLH, B
BERE) TORAYRbERLE. Tihby, b2
AR A SBEE e ST T T DM AR T & v iR,
TEIATA w24 FT 7/ m0— (Chemomimetic Bio-
technology) # #IE LT\ 5. ZORIhFIo—>11, E
BOBEBRBEFRTORIGTHBH, BazfhoRAED—
DELTCIERRICEMEHEE LT HRIEYTR Y .

AR, £ E > TURTHSTE CH D RELH
BThy, ERECIREI VI LI EEBHELET S
bbb d, BRRTCIEE Y 1 FILEWOFIER
HbhTWiows., LasL7ed b, Hilr 1 e,
ARERODTFCR TR EELREYELLTED,
T DORRIERICHECER I TW5. £ r A Ev+
DEBRTRE LTI TWBEZ L, ik,
BREY A RILEWr A L > TIFF LS WEA (K
ABER) b TWAZERTRBLTVS., ZDZ &k
S, BT A RIEAIRIL A DEEER SR L S
LHTERBRLTWS. BE, vIEXK, v7EENGE
HShoobhbh, Z0X5kBAND, BRI LA
r A RILEHORE, By 1 BLEMEBOELER
JGDBRSE, BERIEIC X HHEEREE Y 1 RLEHOH
BLFA, Il 2 0 THELRED T X7 (Table
3).71,72)

A RIRBRCHNT, FFFRRyAE, Bk
BEAMEL, BUKMEA K 7 & OKMR & o0, &N
KOMBERC L =7 vF+FIRP= A5 LB 27
N3 = VBIOKREERIC X B = v F A BIRBY e ER{L 7579
CEWT, EyrAR7 Va2 —ANRERBEEEZEHD

Table 3. Enzymatic transformation of organosilicon compounds.

Enantioselective esterification of 2-(4-chlorophenoxy)propanoic acid with trimethylsilyl-alkanols by lipase’®

Enantioselective esterification of trimethylsilylpropanol isomers by hydrolases’

Enantioselective esterification of organosilicon compounds having a stereogenic silicon atom by crude papain’?)

Dehydrogenation of trimethylsilylalkanols by alcohol dehydrogenase

Enantioselective dehydrogenation of trimethylsilylpropanol isomers by alcohol dehydrogenase’)

Enantioselective dehydrogenation of 8-hydroxysilanes with in situ NAD* regeneration’®

Preparation of optically active 3-trimethylsilylalanine by acylase’®

Synthesis of L-3-trimethylsilylalanyl-L-leucine by thermolysin8!)

Preparation of optically active 3-(4-trimethylsilylphenyl)alanine by N-carbamoylamino acid amidohydrolase?s:80)
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Fig. 4. Structures of optically active silicon-containing amino
acids prepared by enzymatic methods.
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Fig. 5.  Schematic illustration of polysaccharide-uti]izing yeast
cell. E, enzyme.
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