10 63-71 2010

PQQ

COOH
(PQQ) H.
COOH \
NAD NADP /
FMN FAD | N
1979
X " ~OH
Pseudomonas TP1 HOOC N
(Alcohol dehydrogenase :EC 1. 1. 99. 8) OH
X-
1.
1) Acinetobacter
. (PQQH>)
calcoaceticus
(Glucose dehydrogenase :EC 1. 1. 5. 2)
2)
Dopamine B-hydroxylase (EC 1.
14.17.1),
1964
Hauge?®
Pseudomonas cuz+
Anthony & Zatman4 1967
Lysyl oxidase (EC 1. 4. 3. 13)
- "
Sailisbury cuz+
(Methoxatin) Duine 2
(PQQ) Cuz?+ Amine
oxidase (EC 1. 4. 3. 6)
21 9 23 8




64

Lipoxygenase(EC 1. 3.11.12) DOPA
decarboxylase(EC 4. 1.. 1. 28)

Duine 2).5)-7)

PQQ
(quinoprotein)
300~400 nm
PQQ
PQQ
8)-10)
FAD FMN

(Glucose
oxidase EC 1.1.3.4)
FAD 1012

(Succinate dehydrogenase: EC 1. 3.
99. 1)

11)

1)

12)

(Choline dehydrogenase: EC 1. 1. 99.

13)

5)-7)

Ameyama 19 1985

FAD

13)

PQQ

16),17)

16)

PQQ

12)-14)

FAD

14) Duine

PQQ

PQQ

- PQQ

14),

PQQ

PQQ



PQQ
5 Mrad y-
41
PQQ
PQQ
(Amine

oxidase :EC 1. 4.3.6)

PQQ

PQQ
PQQ
PQQ
16)
Robertson
1989 Dopamine B-hydroxylase
PQQ 1)
19
PQQ

Rucker 29 PQQ
osteolathyrism
Science PQQ

Rucker PQQ
21) 14C PQQ
24 60%
6 5.4% 24 1.5%
PQQ 6
3.5% 11%
CO2
24 1.3%
Lysyl
oxidase 22)
PQQ
PQQ
23)
24)
% PQQ
2003 PQQ
Lysyl oxidase
PQQ
58 + 22 30 + 1( arbitary
units/ g skin) 100% 52%
PQQ Lysyl oxidase

25)

Lysyl oxidase

PQQ PQQ
Lysine-Topaquinone (LTQ)
PQQ 1996 Klinman
Lysyl oxidase 26)
** PQQ

30



66

PQQ o- (NGF)
O2- OH
(ROS) In vivo
/
2003 Kasahara &
PQQ Kato8)  Nature
27)
in vitro 2-Aminoadipate-6-semialdehyde dehydro-
genase (AAS dehydrogenase JEC 1. 2. 1.
NMDA 31) PQQ
(N-methyl-D-aspartate)
PQQ
202 - (2 0O2) 2H+
( 02) - (H202)
( OH) - H20
-Fes3+ - -Fe2+
- (TH)
R-H +02 - R-OH + H20
HN COOH
COOH A\ COOH COOH
@ Y @ g
] |
HooC” N Z ~oH Hooc” Sy Sy
OH
PQQH, PQQH PQQ
Pyrrologuinoline Pyrroloquinoline Pyrroloquinoline
hydroquinone semiquinone quinone
: R-NH:2 - R NH
NAD(P)H + H+* - NAD(P)
(R-(OH)2) - (O=R=0)
(R-CH2-OH) - (R-CHO)
Fe(CN)e* - Fe(CN)e3
PQQ ,PQQH:2




PQQ

PQQ
2-
PQQ AAS dehydrogenase
29). 2004
PQQ
30) 2005 PQQ
Anthony 31)
Rucker 32)
PQQ

Rucker PQQ

Lysysl oxidase

PQQ
Lysyl oxidase

Rucker PQQ

PQQ

(mitochondria-genesis)

33)-35) PQQ
PGC-1a Peroxisome Proliferator-Activated

Receptor-y Coactivator-1la

CREB(cAMP Responsive Element-

binding) PGC-1a

1989 20)

(mitochondria-

genesis) 36)

PQQ

(phytochemicals)

PQQ

ae novo

PQQ
PQQ

67



68

L-Saccharopine
COOH i ;
glutamic acid
CH,-NH—CH ¢HO
CH CH, j CH;
2-Aminoadipic P2 ] - !
6-Semialdehyde  GH2 EZZOH \' E:Z
Synthase CH, 72 . - .
R i 2-Aminoadipic 6-semialdehyde
wKG H-C-NH, NADP H'?'NHZ (AAS) Dehydrogenase
COOH COCH
- NADPH 2-Aminoadipic
?HZ NHz 6-semialdehyde
(I:HZ (AAS)
CH, COOH
GH2 CH,
H-C-NH, CH,
£ = o feroron]
L-Lysine H'(/:'NH2
COOH
2-Aminoadipic
?Hz'NHz acid (AAA)
¢Ha AAS(P6C)
GHa dehydrogenase
CH, = — — |
¢=0 =N NH N
COOH
COOH COOH HOOC
2-Keto-6-amino o
’ " Piperideine- o ; Piperidei
caproic Acid 2-carboxylic acid ;CiF(']IpeCOHC 6—celrpbeorl<yﬁ2(:cid
(P6C)
2 PQQ AAS
dehydrogenase 28)
Kumazawa 37)-39) 1988
Xiong 40 Pseudomonas fluorescens B16
PQQ PQQ
ROS
PQQ
Noji 4D PQQ PQQ
PQQ LC/MS
PQQ
PQQ PQQ
@ PQQ
44)
PQQ de
novo
2008 Choi43)
(Plant

Growth-Promoting Rhizobacteria



PQQ

B2
PQQ

1) Salisbury SA, Forrest HS, Cruse WBT &
Kennard O (1979) A Novel Coenzyme from
Bacterial Primary Alchol
Nature 280:843-844.

2) Duine JA, Frank J Jzn & Van Zeeland JK

(1979) Glucose Dehydrogenase from Acineto-

Dehydrogenases.

bacter Calcoaceticus. A ‘quinoprotein’. FEBS
Lett108: 443-446.

3) Hauge JG (1964) Glucose Dehydrogenase of
Bacterium Anitratun. An Enzyme with a Novel
Prosthetic Group. J Biol Cherm 239 3630-3639
4) Anthony C & Zatman LJ (1967) The Micro-
bial Oxidation of Methanol. The Prosthetic
of the Alchol
Pseudomons sp. M27: A New Oxidoreductase
Prosthetic Group. Biochem J 104: 960-969

5) Duine JA & Jongejan JA (1989) Quino-

proteins, enzymes with pyrroloquinoline qui-

Group Dehydrogenase of

none as cofactor. Ann Rev Biochem 58: 403-426.
6) Duine JA & Jongejan JA (1989) Pyrrolo-
quinoline Quinone: A Novel Cofactor. Vitanins
and Hormons 45: 223-262.

7) Duine JA, van der Meer RA, Groen BW
(1990) The Cofactor Pyrroloquinoline quinone.
Ann Rev Nutr10: 297-318.

8) Tsuge H & Mitsuda H (1973) Studies on the
IV. Activity
and FAD-fluorescence Change Caused by the

Molecular Complex of Flavins.

Chemical Modification of Tryptophyl and
Tyrosyl Residues in Glucose Oxidase. J Bio-

chem 73:199-206.

9) Tsuge H & Mitsuda H (1974) Studies on the
Molecular Complex of Flavins. V. Possible Role
of Free Sulfhydryl Group in Apoprotein of
Glucose Oxidase and 6-Amino Group in
Adenine Moiety of FAD. J Biochem 75: 399-406.
10) Tsuge H, Natsuaki O & Ohashi K (1975)
Purification,  Properties, and Molecular
Features of Glucose Oxidase from Aspergillus
niger. J Biochem 78: 835-843.
11) Hatefi Y & Stiggall DL (1976) The Enzymes
(3rded.) 13:222-256.
12) Tsuge H, Nakano Y, Onishi H, Futamura Y
& Ohashi K (1980) A Novel Purification and
some Properties of Rat Liver Mitochondrial
Choline Dehydrogenase. Biochim Biophys Acta
614: 274-284.
13) Tsuge H, Futamura Y, Nakano Y & Ohashi
K (1980) Rat Liver Mitochondrial Choline
Dehydrogenase. Estimation of Molecular
Weight. Biochem Int 1. 519-525.
14) Tsuge H, Futamura Y & Ohashi K (1982)
Unusual Properties of Flavin Prosthetic Group
in Rat Liver Choline Dehydrogenase. Flavins
and Flavoproteins (Elsevier/North Holland, Inc.
NY) p. 473-477.
15) Ameyama M, Shinagawa E, Matsushita K,
Takimoto K, Nakashima K & Adachi O (1985)
Mammalian Choline Dehydrogenase is a
Quinoprotein. Agric Biol Chem 49: 3623-3626.
16) (1989) [
C1 ] 63
62560076

17) (1992)

FAD 2 PQQ
30: 209-211.
18) Robertson JG, Kumar A, Mancewicz JA &
Villafranca (1989) Spectral Studies of Bovine
Dopamine pB-Hydroxylase. Absence of Co-

valently Bound Pyrroloquinoline quinone. J



70

Biol Chem 264: 19916-19921.
19) (1990)

64: 215-216.
20) Killgore J, Smidt C, Duich L, Romero-
Chapman N, Tinker D, Reiser K, Melko M,
Hyde D & Rucker RB (1989) Nutritional
Importance of Pyrroloquinoline
Scierice 245 : 850-852.
21) Smidt CR, Bean-Kundsen, Kirsch & Rucker
RB (1991) Does the
Synthesize Pyrroloquinoline quinone? Bio-
Factors 3:53-59.
22) Smidt CR, Unkefer CJ, Houck DR &

Rucker RB (1991) Intestinal Absorption and

quinone.

Intestinal Microflora

Tissue Distribution of [“C]Pyrroloquinoline
quinone in Mice. Proc Soc Exp Biol Med 197.
27-31.

23) Steinberg FM, Gershwin ME & Rucker RB
(1994) Dietary Pyrroloquinoline quinone
Growth and Immune Response in BALB/C
Mice. J Nutr124: 744-753.

24) Stites TE, Mah J, Fluckiger R, Paz MA,
Gallop PM & Rucker RB (1996) Dietary
Deficiency of Pyrroloquinoline quinone (PQQ)
alters Mitochondrial Function in Young Mice.
JASEB J 10: A800.

25) Steinberg FM, Stites TE, Anderson P,
Storms D, Chan I, Eghball S & Rucker RB
(2003)
Growth and Reproductive Performance in Mice
Fed Chemically Defined Diets. Exp Biol Med
228: 160-166.

26) Wang SX, Mure M, Medzihradszky KF,
Burlingame AL, Brown DE, Dooley DM, Smith
AJ, Kagan HM & Klinman JP (1996) A
Crosslinked Cofactor in Lysyl Oxidase: Redox

Pyrroloquinoline quinone Improves

Function for Amino Acid Side Chains. Science
273 :1078-1084.
27) 1994

(1) PQQ
68: 451-457.
28) Kasahara K & Kato T (2003) A New
Redox-cofactor Vitamin for Mammals. Nature
422: 832.

29) (2003) —PQQ
77: 407-409.
30) (2004)
(PQQ)-—-
46 67-73.

31) Felton LM & Anthony C (2005) Role of PQQ
as a Mammalian Enzyme Cofactor? Nature
435: E10.

32) Rucker RB, Storms D, Sheets A, Tchaparian
E & Fasceti A (2005) Is Pyrroloquinoline
quinone a Vitamin? Nature 435 :E10-E11

33) Stites T, Storms D, Bauerly K, Mah J,
Harris C, Fascetti A, Rogers Q, Tchaparian E,
Satre M & Rucker RB (2006) Pyrroloquinoline
Quinone Modulates Mitochondrial Quantity
and Function in Mice. J Nutr 136:390-396.

34) Bauerly KA, Storms DH, Harris CB,
Hajizadeh S, Sun MY, Cheung CP, Satre MA,
Fascetti AJ, Tchaparian E & Rucker RB (2006)
Pyrroloquinoline quinone Nutritional Status
Alters Lysine Metabolism and Modulates
Mitochondrial DNA Content in the Mouse and
Rat. Biochim Biophys Acta 1760:1741-1748.

35 ) Chowanadisai W, Bauerly KA, Tchaparian
E, Wong A, Cortopassi GA & Rucker RB (2010)
Pyrroloquinoline Quinone Stimulates Mito-
chondrial Biogenesis through cAMP Response
Element-binding Protein Phosphorylation and
Increased PGC-la Expression. J Biol Chem
285 142 152.

36) Gleyzer N, Vercauteren K & Scarpulla RC
(2005) Control of Mitochondrial Transcription
Specificity Factors (TFB1M and TFB2M) by

Nuclea Respiratory Factors (NRF-1 and



PQQ

NRF-2) and PGC-1 Family Coactivators. Mo/
Cell Biol 25 :1354-1366.
37) Kumazawa T, Seno H, Urakami T, Matsu-
moto T & Suzuki O (1992) Trace Levels of
Pyrrologuinoline quinone in Human and Rat
Samples Detected by Gas Chromatography
/Mass Spectrometry. Biochim Biophys Acta
1156: 62-66.
38) Kumazawa T, Seno H & Suzuki O (1993)
Failure to Verify High Levels of Pyrrolo-
quinoline quinone in Eggs and Skim Milk.
Biochem Biophys Res Commun 193: 1-5.
39) Kumazawa T, Sato K, Seno H, Ishii A &
Suzuki O (1995) Levels of Pyrroloquinoline
quinone in Various Foods. Biochem J 307:
331-333.
40) Xiong LB, Sekiya J & Shimose N (1988)
Stimulation of Li/iun Pollen Germination by
Pyrroloquinoline Quinone. Agric Biol Chem 52:
1065-1066.
41) Noji N, Nakamura T, Kitahata B, Taguchi
K, Kudo T, Yoshida S, Tsujimoto M, Sugiyama
T & Asami T (2007) Simple and Sensitive
Method for Pyrroloquinoline Quinone (PQQ)
Analysis in Various Foods using Liquid
Chromatography/Electrospray-lonization
Tandem Mass Spetrometry. J Agric Food Chem
55: 7258-7263.
42) (2008) PQQ
46:
339-345.
43) Choi O, Kim J, Kim J-G, Jeong Y, Moon JS,
Park CS & Hwang | (2008) Pyrroloquinoline
Quinone is a Plant Growth Promotion Factor
Produced by Pseudomonas fluoresces B16.
Plant Physiol 146.657-668.
44) Thi DTD,
(2009)
PQQ

83 192
45)

(2010)

(PQQ) (

71



