2 2
1,2,3-propane tricarboxylic acid)

tricarboxylic acid)

(Kreb's cycle tricarboxylic acid cycle)
1
CH e
HO C
CH2 -
1

42

(key intermediate)

COOH

(Casida, 1964)

(2-hydroxy-
(p-hydroxy



CHHE 7

(monohydrate, CEeH8 7.H2)

(Douglas,

1974)

10
20
30
40
50
60
70
80
90
100

153

54.0
59.2
64.3
68.6
70.9
3.5
76.2
78.8
81.4
84.0

2
(anhydrous
1
100 ( , 2537)

(Kirk, 1964)

C6H& 7.h D

ch®7hX

<w>rH,0
CeH8 7
CeH & 7
CfH8 7
CeH8 7
CeH8 7
CeHg 7
tH8 7



(Kubicek Rohr, 1984; Rohr , 1983)
(food and beverage industries) 70

12
18 (  2532)

2.1

(Kubicek Rohr, 1984)
(acidulant) (Menlo, 1981)

(Rohr Kubicek, 1980)



2.2

23

24

(Menlo,

(buffer)

1981)

(boiler)



3
(primary metabolic product)
(intermediate) Aspergillus niger
(glycolytic
pathway, EMP) (pentose phosphate pathway, PPP)
80 EMP
20 PPP ' (pyruvate)
2 (decarboxylation)

(acetyl-Co A)

(oxaloacetate” 3



D- glucose

4

D-glucose 6-phosphate

D-fructose 6-phosphate

D-fructose 1,6-diphosphate

CHO.CHOH.CH,0PO,” CHOH.CO.CHAPO3

D-glyceraldehyde 3-phosphote dihydroxyacetone phosphate
ir
COO-CHOH-CH2P2
3-phospho-D-glycerate
i
COO-CHOPY'-CH2OH
2-phospho-D-glycerate

coo~copoX=ch?2 -> coo'co-chXoo
phosphoenolpyruvate oxaloacetate
coo'-co-ch3l -> CH3C0.S-CoA
pyruvate acetyl-CoA
2 (Embden-Meyerhof-Parnas (EMP) pathway)

(Michael , 1993)



HjC — C— COOH
Pvruvic acid
CoASH NAD
Co; - NADH
H.c— C— — CoA CoASH
Acctvl CoA
COOH COOH
NADH _C—
oM HO— C— COOH
8 Clr
NAD & Foon L o
Oxaloacetic ~ COOH
ﬁOOH acid Citric acid Clio
H— ¢ — OH — ¢, — COOH
. Malic acid A
K Enzymes " C| of
COOH ©D (P:ytrm{ic dehtxdrogenase complex coon
Itrate synthase ,, N/
% ACO[]iI.aS%I Isocitric acid
@ Isokm}ncld?hy(%ro eﬁa(sje
~kctoglutarate dehydrogenase ;
H,0 gjccin)gl A wabH
COOH ©  Succinic dehydrogenase
| D e
ﬁH Furélaric alic dehydrogenase COOH
CIH acl CH:
COOH ¢ ggiléctoghltanc
to
COOH 0AS
fadh? ON | N
CHj 2 NAD
l CoASH o ©)
FAD CH, |
| i ] -~ NADH
COOH éH
Succinic H,0 @ :
acid GTP GDP| o=¢— — CoA
®  Succinyl
CoA
ADP ATP
3 (Michael , 1993)



99
(Crueger Crueger, 1982)
Aspergillus niger (Bigelis Arora, 1992) A. niger
(Shu Johnson, 1948;
Crueger Crueger, 1982; Rohr , 1983)
3
(Sodeck , 1981)
4.1 (Solid state fermentation)
A. niger (insensitive) (trace element)
3-5
4-5
25-30 6-7

(Crueger Crueger, 1982)

(GC-amylase)
(Kubicek Rohr, 1984)



40

42 (Surface culture)
(shallow pan
process)
150 (Crueger Crueger, 1982)
50-200
A. tliger
2.5 Xi07
30 8-14
80-85 100 ( , 2537)
43 (Submerged culture)
80

(Crueger Crueger, 1982)



51

(inoculum culture)

(Sikyta, 1983)

5.11
5.12
5.13
514
515

(Prescott

5-14

Dunn, 1959)



5.1.6

5.2
2-12
2
14-20 (Periman Sih, 1960)
53
(Perlman , 1946b; Wold Suzuki, 1976; Clark , 1966)
5.4 '

1.6-2.2



5.5

(submerged culture) 0.2
(Andrew, 1952)
A, niger
3-4 X 100 (Usami, 1978)

5.6

Perlman Sill (1960)

25-35 A. niger
28-30 (Prescott Dunn, 1959)



n-alkane (9-20 C-
atom)
n-paraffm (9-300

atom)

Candida sp

Candida sp
Hansemda sp.
Pichia sp.

Milsom Meers,

1985

Kubicek Rohr
(1984)

(2532)
Voraputhapom

(1985)

Nishio Kamikubo
(1971)
Yamada Yogo

(1970)



6:10:5 (CEH 00 51
(amylose) 0C-D-
(I,4)-glucosidic lingkage 2,000
(amylopectin) (I,4)-glucosidic
lingkage (1,6)-glucosidic
lingkage 15-25
17 (Swinkles, 1983)
2.1x104 3 Xi06
(Peat, 1954) 2-100
6.1
6.1.1 (gelatinization)

(hydroxyl group)
(Wurzburg, 1972)
(crystalline region)
(Osman, 1965)
60-80

(Osman, 1965)
(paste)



6.1.2 (rethogradation)

(final viscosity)

7.1

a-i,4-glucan glucohydrolase
amiloglucosidase, mytase, sacoharogenic amylase 8 - amylase
exosplitting enzyme
glycosidic linkage a-1,4 a-1,6
nonreducing

, , raffmose,
isomaltotetrose panose methyl-a-D-glucopyranoside,
methyl-p-D-glucopyranoside, nigarose, isomaltose  cextran, cellubiose lactose

(Birch Blankebrough, 1981)
7.2
(diastase) Comission on
enzyme a-(1,4)-glucan-4-glucanohydrolase EC 3.2.1.1

(endoamylase) a-(1,4)-glycosidic linkgage

a-1-6 lingkage



16

(endohydrolase) (W hitaker, 1972)
4

(Bernfeld, 1955)

8 (Strain improvement)

(Singleton
Sainshury, 1988)

81 (Mutation)



8.2
8.3
84
9
9.1
(10 B1( )

(Recombination)

(homologus)

(Protoplast fusion)

(Genetic engineering)

(Spontaneous mutation)

(eukaryote)
(log (,2537)

w



9.2 (Induced mutation)

(mutagen)
100
2
9.2.1 (Physical mutagenesis)
(radiation mutation)
9211 (lonizing radiation)
(phosphodiester o )
(Fantini, 1975; Drake, 1970)
(transition) (invertion) (translocation)
(deletion)  (Hopwood, 1970)
92.12 (Non-ionizing radiation)
(visible light) 1
(Ultraviolet light, UV)
uv

200-400
254



uv
(polynucleotide)
(thymine-cytosine dimer)

2:.11

| 2537)

2
(tfiymne-dimer) ( 5)

(cytosine-dimer)

V (Strickberger, 1985; Smith Keaiy,
1991)
U ’ ugar
H
X~ CHa )Qq‘r—)\ CH,
A OAN B
H H
Thymine Thymine Thymine-Thymine Dimer
atT Ceo A T-T C o
Taaoc C T A AGC
5 V (Goodenough, 1984)
uv
(visible light) ' (photoreactivation)
(photorestoration)
(photolyase)
(monomer) (pyrimidine)
uv

(Hopwood, 1970; Cladwell, 1995)



D

repair) 7)

(endonuclease)

\\\\\\\\\\\\\\\

E0E0EEOELEOOEEOD
ULTRAVIOLET LIGHT

abeb4fcoérbobare6o

C @™

=

4040 0 004560

VISIBLE LIGHT
'464644644664466

- (Cladwell, 1995)

(dark repair)

(DNA polymerase)

uv

(excision



A 3 9y?yt99t9?2tyy?y9 ?

N 66y00  0yy969y6y 3

y9y9yy99y99yyy9y9

(recombination repair)

(start codon)

(Singleton

» e

twininiru

406004-40¢¢600*0¢

!
i

46466 666464
y 9y9yy99y9°yyy9y?9

5 1646644044666464
3. 9FOFff9Ot99tffof9

16466..0. 9, \L,e O
9?29ft99f997127297?79

(Excision) (Cladwell,1995)

(post  replication)

Sainsbury, 1988 ; Cladwell, 1995)

3
5

(9ap)

5



Postreplicali

Repair
uv
5’ _/;\_ 3
< .
Replication

f

5. _/\* 3'
33—, —— =
5: \\l 3,
R .
Recombinationa!

exchanges by
recomb, enzymes

g NN VPN

(REGYRET)]
WLy

AN
Repair replication
and sealing by liaase

L/ XRECRAY

Ui 01 W

Wowm

Continuous oannhTPr
strands

I
Replication
[Dinners retained]

' (Goodenough , 1984)

uv (reverse)

uv
(double helix)

(transcription)



(SOS repair) ( 9)

X Proteose
/ octiviry v

LexA repressor

Cfeavad LexA

Derepression of lexa

recA, uvrA, UIP.

Increased expression

Of repair genes

9 SOS repair (Atlas ,1995)

9.2.2 (Chemical mutagenesis)



24

9.22.1 (Base analogs)
2- (2-aminopurine)
(adenine) - (5-bromouracil)
(thymine) ( 10)

( 23! 1
- I (tautomeric shift)

N - CARe Loa i
\
Adenine 2- Aminopurine
HiCA\CAT i>«N ,H 1?8\1,/& -l[| o H
c(4JC=0 T+ 13Q
| |
H H
Thymine 5-Bromourocit
Normolboses Analogs

10 1537



T
\Z—_’<
z A
~
2
l
E
|
: /YV[

O>——N\ 0 \ H
§-bromouracil Thymine Adenine (usual kcto ctate)
(5-8U) (b)
(a)
H N Q-rs H—O B¢
T / N._H—-—-—-N/ \\ H
e =
N—H-==—0
N
Guanine 5-8 *
(rarer enol state]
(d
i - (Aver, 1984)
(@)
(b)
R22 (Intercalating agent)
(aromatic) 3
9- (9-aminoacridine)

(ethidiumbromicde) (proflavin) (nitrogen mustard)



9.2.23
(hypoxanthin)
(Redei, 1982)
H
M e e
\f
N / \N HNO,
7 /
4 B2
H
Adenine
(a)
H
[
H N—H

\
H N —_—

(b)

(Nitrus acid)
1
(oxidation)
H
4
H N s D A H
\(\ 0 H—N
{ -t Y+
/ N=< i N
H o} \
Hypoxanthine Cytosine
H
H O-=-- H_(lq N H

Uracil

Adenine

(Aver, 1984)



9.2.2.4 (Alkylating agent)
' (alkyl) (methyl, CHJ) (ethyl, CHXH?2
(aliphatic hydrocarbon group)

(nitrogen sulfer mustard) (ethyl ethane
sulfonate, EES) (ethyl methane sulfonate, EMS)
(N-methyl-N -nitro-N-nitrosoguanidine, NTG, MNNG,
NG) (Drake, 1970; Aver, 1984)

NTG

2 (secondary mutation)(Miller, 1972)
NTG Mckay Wright .. 1947

(nitrosation) (methylnitroguanidine)
(sodium nitrite) NTG CHN53 147.10
118 123.5
NTG 13
N ¢ N
0 =N N 02

13 NTG (Mckay and Wright, 1947)



NTG
NTG
(diazomethane, CHN2 NTG

1
N-3 N3 (N3methyladenine)
N-7
n'- (N7-methylguanine) (Craddock, 1969)
0-6 06 (0 6methylguanine)
( 14) (Singleton Sainbury,
1988) NTG 90
GC AT NTG
NTG
NTG
(Miller, 1972)
o
? \e
M | S TR
ek 0 [
S
\“ (b)

14 NTG (Redei, 1982)



NTG
NTG
0-50
(Miller, 1972; Fantini, 1975) NTG
NTG
NTG
10,000
uv ! 10-100 (Sinha Chattoo, 1975) NTG
Pénicillium sp. (Wehmer, 1903)
Aspergillus niger
(Bigelis ~ Arora, 1992)
James (1956) A. niger
Gardner (1956) A. niger
uv
80

pal



Hannan (1973)
110-118
Voraputhapom (1985)
A. niger
500
7
(2534)
A185
120
450
Moyer (1953)
A. niger
A. niger
(Usami Taketomi, 1960;
A, niger
(protease) A. niger

A. niger
2.9
2.5
12
A. niger
Rugsaseel , 1993)

10

8.5



1981 Hayashida Flor A. awamori kawachi

uv NTG
(glucoamylase)ll
1992 Fukuda A. awamori kawashi
NTG
(glucosidase)
110,000
1994 Saranghin
(autodiploid) A niger -2223L
(colchicine)
67.2 62.0
(soluble starch)
49.6 14

(acid  protease)

(pepstatin)

Rugsaseel (1993) A. niger
-2223L Vv



48.0

(soluble starch)

3.62
2.11

enzyme)

A. niger

A.

niger

 2538)

35.1

(amylolytic

15



Cell A. niger

Starch »  Glucose —»  Glucose
A l
Glycolytic Pathway

TCAY cycle
Amylolytic enzymes o Y
- Glucoamylase Citric
- OC-amylase i
Citric

55
A. niger
A, niger
A niger  -2223L
(Usami Taketomi, 1960)
uv (N-raethyl-N -nitro-

N-nitrisoguanidine, NTG, MNNG, NG)



(Fukuda

Flor (1981)

14

- 199)

A.

liiger

A

A. niger

34
-2223L
SL

-2223L 100

Hayashida

A. niger
glycolytic capacity

niger -2223L

-2223L
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