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FPURXOABTOERE

A well known microorganism, Gram-positive coryne-form  bacterium,
Corynebacterium glutamicum, has been industrially used for the production of the important
amino acids, such as L-glutamate and L-1ysine. Thus, this bacterium, nowadays, is one of the
most popular topics in applied microbiology. In order to increase the production of amino
acids in this bacterium, most of the published data mainly reported on the metabolic
engineering for the enzymes of which the function is directly involved to the metabolic
regulation for the production of a distinct amino acid. To date, little has been reported on its
respiratory chain though the relationship between aerobic energy metabolism and amino acid
production has been wildly well known to be important. The productivity of several amino
acids by amino acid producing organisms has been reported to be depended on the respiratory
proton pumps, without understanding of its respiratory chain thoroughly. Since the respiratory
chain of C. glutamicum remains unclear, therefore, it is essential to understand a full detail of
its respiratory chain, which is important to expand scientific view as well as providing the
other clues for amino acid production improvement. Based on this aspect, therefore, the
objective of this study is to reveal the components involved in C. glutamicum respiratory
chain, such as NADH dehydrogenase.

The first part of this work is on the study of type I NADH gehydrogenase (NDH-2),
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coded by ndh gene, of which the function is closely related to the respiratory pathway as
being the main enzyme for transferring electron to menaquinone-pool in C. glutamicum. The
study was performed by constructing NDH-2 inactivated and over-expressed strains derived
from lysozyme sensitive strain, KY9714. When compared with KY9714, the strain with
disrupted ndh showed no growth defect on glucose minimum medium, while over-expressed
strain displayed the delay of growth rate. On the other hand, clear difference was observed on
lactate minimum medium where the disruptant showed better growth than its parental strain,
and the severe growth defect was observed in the over-expressed one. This is corresponded to
the finding that the disrupted strain contains higher L-lactate dehydrogenase activity (L-LDH)
than wild type, whereas, this enzyme including D-lactate dehydrogenase (D-LDH) of the
over-expressed strain is much decreased. The strain with low L-LDH and D-LDH activities,
would reduce an ability to catabolize lactate in such an environment, with only lactate being a
carbon source. Therefore, bacterial cell could not produce much metabolites and energy
leading to the serious defect on the growth. Other enzymes that are also affected by NDH-2
disruption or over-expression are cytoplasmic lactate dehygrogenase (LDH) and cytoplasmic
malate dehydrogenase (MDH), in which the ndh disruptant shows relatively high activities of
these enzymes, but the contrary in the over-expressed enzyme. It has been reported that
MDH—MQO (malate:quinone oxidoreductase) are functionjng together for re-oxidation of
NADH in the strain lacking NDH-2 (Molenaar et al., 2000). This study indicated that not only
MDH-MQO system but also LDH-L-LLDH system function as NADH oxidation system. The
activity was reproduced with L-actate as a substrate in the presence of both membrane and
cytoplasmic fractions isolated from disruptant strain. Whereas, in the over-expressed strain,
the oxidation of NADH is mainly done by NDH-2.

To further understand the function of NDH-2, this enzyme was purified from the
over-expressed strain and characterized as described in Chapter 2. UV-visible and
fluorescence spectra showed that NDH-2 of C. glutamicum contained non-covalently bound
FAD. The purified enzyme has an ability to oxidize NADPH apart from NADH, both of
which are able to donate electron to oxygen and various artificial quinone analogs at acidic
and neutral pH, respectively. However, the reduction of native quinone, menaquinone-2, was
observed only with NADH, while the transfer of electron to oxygen was observed more
intensively with NADPH. This study revealed that NDH-2 of C. glutamicum is a source of
reactive oxygen species production of superoxide and hydrogen peroxide concomitant with
the oxidation of NADH and NADPH most of which are mainly produced from the oxidation
of NADPH. Such a unique character of NADPH oxidation that mostly found in eukaryotic
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enzyme suggests that NDH-2 of C. glutamicum in more alike to eukaryotes than prokaryotes
and thus might be evolved from the same ancestor. This theory has been supported by the
construction of phylogenetic three where the results showed that C. glutamicum NDH-2 is
more related to the group of yeast and fungi than bacteria.

The last section of this work is the characterization of cydAB gene, which seems to
code a cytochrome bd-type ginol terminal oxidase. According to the previous reports, this
enzyme also exists in some specific growth condition of C. glutamicum. In this study, we
expected that it might be work as a CN-resistant bypass oxidase system, and thus we tried to
construct the disruption of cydB gene. The disruptant strain showed only slight growth defect
on either rich or glucose minimum media without causing any serious effects. NADH and
TMPD oxidase activities were somewhat different between wild-type and disruptant strains.
Low temperature-reduced minus oxidized difference spectra of the membranes purified from
these strains displayed the same spectral feature of heme a, heme b and heme c, but with
decreased of hemes a and c level in the cydB disruptant strain. However, the cyanide
sensitivity of either NADH or TMPD oxidase activities was not much changed between
wild-type and disruptant. Thus, these results suggested that cydAB genes of C. glutamicum

might not encode a cytochrome bd oxidase or a cyanide-resistant bypass oxidase.

WX BEOHBRODERE

T2 )BREERE L THEAL Corynebacterium glutamicum DT X ) BRAEFEMEIZERITBYT
LZEIAGHICREKGFL TR, XDEWY IV BEEEEZELDICIE. BEEEHEICE
BRI 5 TRINF—EREEORTNNETH S, C. glutamicum DIEIRSHEBEFIRERICIE, TX
WFE—HREORE VY 7 OLABLBER RO — MIINA, TRIVF—AEREDKN
NNANA - FFF—ERVEEL TS, TDINASAIRESHIZ L D T RIVF—HEREED
REE. 73 BAEERZSODAHOMERM EFBICBERLTVS EEZ SN, AT
HLEA ETHEELREWREZFOEEZZ NS,

BT C. gluamicum O TFVF—REROH0ERT BTRER OME LHHEZ
AL, TOMBEFALEBFREROEEICL S IRINF—RBROBIELZHFELTW
H. TOIWH. FIRABED TR F—RER, FHCHRAERER, CEEITHOTDWTHAE
L TW?3 NADH BIKRBRB L O T HHENA N - FF 25 —EORKEZELZSND Y
FrOAdICER L THEZTS .

D, C. glutamicum DOVERSHTHEREL . NADHOEE{LIZ & B2 D TR F—4ERICE S
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LTWB A 71 - NADHR/KFEEEFR (Ndh) OTRI)IF—RBICBITBEE 2, TOXREK
BPLIOBRFEBEKREDEND I ETHENT L7z, NdhDRIBIZ, TOEFICEEERITI RN
7208, IBBIFEBRMRO £ F IR & B U TRIBIE T L. ZONdhORIES L IEFIFERIT,
FEERSE S b 27 T ARRST DR TR ) F—ERREIC KRR BB E 5 A 5 Z Lidaho Tz, L
L. NdhORIEIL, WIESHOL-AERLEEOEINZE S, WIINhOBEFERIL, FREHO
L-ABPBIOL-Y > OBBIEEORDEH N2, £z, LAEBLUOL-Y) > ORICKFLZ
NADHE (LI M 2 Ndh R MR OB S K OIREN SHBRTES 2N L. Z
DEATLT, FEICBWTIE, W THAET 2NdhiZMA, FRHEL-FLERELR S MilaE
DONADIKEM AL BB KEBERZ NN v TV U TNADHOBHBLEZTOI ZENTESZ LN
5 U7z, FIRFC, ABFFET. NdhDORIE, DFE D AEBILROBEM,. 3ERFHOTINVE I >
EEAEAET IR, BICTOBREHKR., DX VABBILROED, 3TNV E I VEAREZ BN
SEBIEEHSENILZ,

RIZ. NADH Fii/kFEEER (Ndh) ZZOBFEIRBEMRISBEL, COMEEITDWTHENRL
7zo AEERITZ ORI 5 &V NADH:ubiquinone-1 B(LBETIEHZRIERE L THERS
N ZTORHBEOENAWD SIELERESBI FAD ZHRDFHRETHTISEVBEETHS
ZEERTEEDHIT. NADH & NADPH %. TNZNHHEB I OMEE RN T, L DA
TtaECF /) AEMEETEZERE L THRILTES Z L 2H 5N LTz, FIZ. NADH @
BE{LV2. C. glutamicum DA FRDF ) > TdH 3 menaquinone2 b BB TFTRZEAK L LA,
NADPH OEELICBNWTIHBEANOBFLREEENRS AR5, £k, FABERIL. I
NADPH %t T 20, BWEHEBREOEREND D, P FRHFWICOEECIED
NADH [R/KZRBERICHELL TS EEZ SN, I5IT. ZOBRADEZOETIREREN
AEMPEEHDINA ISR « TF 5 —CEEORETH 2 IR ENT.

INSOMFEICIMA T, KEOT T VENAISNA « FF 5 —FOAREKEEZEND
Y hrahd (Cyd) OBETFHEREERL. TONANR - FF 25 —EEHEADEEGZE
Bat L7z, LALARRS, B5N7- Cyd REBKIZTOEE. HRERS . TXRIVF—ARRE
WABRBEEEZDHIZADIEMNEL, Cyd BARSEHBEBEOEESRGTTIIHBEL TS
59, TD7D. WANRA + AFIF—VOWEEETO2RELEEZEAS I EETTE RN E
INE S M E NIz,

IS DWFFERRIL. C. glutamicum D Ndh QR ERSZHEREB X OB DT EZHASNITT
HiI2EEELT, TORE - BEREANIRNF—REMREULTHIEICE > THREEE
REZHIET 2 EMNRETH S Z L ERTHIINZSHDTH S LFHHS Nz,
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