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Advances in studies on lysine biosynthesis pathway in fungi
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Abstract: This review summarizes the biosynthesis pathway of lysine in fungi and the key gene in the
pathway, saccharopine dehydrogenase. The de novo synthesis pathway of lysine was introduced in detail,
and the mechanism and physicochemical properties of saccharopine dehydrogenase was described, which
are aimed to provide information and ideas for exploring lysine biosynthesis pathway and genes in the
pathway.
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1 HEPEERG RN ARE
L1 HRBEMEERINE

HH PRk A s L 1, RV 4y
HPERGY, RAETEARIES T, Bh IR .

0-2 3% & TR i% 1% (a-aminoadipate pathway,
AAA BAR)RIFTFER RN, RILL o- BRI R
LY/ Loy VR~ B S A s > A NG L1
W B S, 5 58 AR AR W6 R A DL R = IR IR
AR MR Z AR i FL 3 A B % g 4
FLAA R RS 2R AR IR N T
= ¥7 16 R & T (homocitrate synthase, HCS) ik
T, o-fi RS L WESTE A (acetyl coenzyme A,
AcCoA) K40 G WA s AT IR, 12 RN S
AAA SEAR M SCHERREOE RS, SO HRIE, £
P78 (Penicillium chrysogenum)'h HCS A6 P52
pH [, AR ATP (3R 22 AR LY pH [%
ik, dEmifEmE HCS f9G 1, A FIF R F iR
G BGEAR H B HAMA A AR s BRIt A1,
Na' il BSWEZs & AT A HCS moii k!, Hes
BB —— B A (CoA) 23 filf i 7Y % B
(Saccharomyces cerevisiae)F) HCS 21, Hi 2R
a-F 1% B AT B 1k AR i B, AR
TE = A7 IR JIid 7K i (homocitrate  dehydratase, HCD)
AOMEAL T AR B2 53k, I 5 TE = Sk IR A il

Homocitrate synthase
Homocitrate

Homocitrate dehydratase

(homoaconitate hydratase, HAH)J/ER T 4= i 5 57
FrBEIR o AL 3R A SO Hh R T 4Tl ) e 5 AL
FEAS [ SCHR A oA A R A 120 (AR
e KA K AR A R0 22 R 1k - 22
BEE LA o R AT R TE & o AT R R R A
(homoisocitrate dehydrogenase, HIDH)FiEAL T A= AL
o-filC R, EIL, BiEmRmEREIEEY . K
J5, o-fi 2 R TE A O R EL & i (a-aminoadipate
aminotransferase, AAT)IHEIL T, LA ZIR MY
AR a-Z O R oI R . (AR TR,
TERRIG L vh WA 2 20 L T SORL A R 4
oW (R o o SO R =N 2 A o o)
JRM, eI 22 R AT R TR [ R e Ak AR
Hh S,

AAA BIEIEAER S, B -2 250
BRI LM aame , KAt . e o-
AAEC ZMNIEY, kD] R G
(aminoadipate reductase, AAR)fE{L, ATP fitHE .
Mg* %5, NADPH {EA4AE, EM o-23c =
fR-8- 1l ; HLRVARIL T AAA RRRMEEE, 3
SR IUAE A EAE T B pE v BRI A 2R B A S v
WIRR P 2P LB, RS B (Ceriporiopsis
subvermispora) 1 B BRTT RIS S5 U IS IR 17
BT 18, A BT AE S H K P B O e s

Homoaconitate hydratase

o-ketoglutarate >

N

Acetyl-CoA CoASH

Homoisocitrate dehydrogenase

o-ketoadipate

Aminoadipate aminotransferase

» cis-homoaconitate >

Aminoadipate reductase

Homoisocitrate \ >

NAD* NADH+H*

a-aminoadipate-5 Saccharopine reductase

Glutamate

> o-aminoadipate \ >

a-ketoglutarate ATP AMP+PPi
+NADPH +NADP*

Saccharopine dehydrogenase

-semialdehyde Saccharopine

Glutamate
+NADH

NADP*

1 HEPHEBMLERIEEY
Figure 1 De novo biosynthesis of lysine in fungil*
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I T AR AAR LAY ISR I Ak EL A
AR A AL P i e e IR AR R LA E R
E MY, T BF 2 IR i& )7 i (saccharopine
reductase, SDR)HiL o-Z e —fR-6-F ARl L-
W LR 22, Jo # 18 T Bk 24 B2 i % i (saccharopine
dehydrogenase, SDH)AEAL A AL L-iZARF o-
M % —#% . SDR Fl SDH /& FLE IR MG, AR
T ALK E T RITEME, (H A S
Il AP,

AAABRIFIE R E PR, DAl TR g 4
W6 4 B (Thermus  thermophilus)® . 8 V& $4 1t
(Pyrococcus horikoshii) >Vt i M A8A A
P2 o 2 T 0 L TR T I F A 0 1 R e — AR,
SETE ST PR3 8 AN R B S A U AR,
IR T B AAA RAZ R 3 NI
1.2 AAA RERERIMAREER

ERTANBETR T, C & T AR w5
BRI R RE L a-E O R
wAE. 1960 47, Vogel FIF “C fricfb &R
5 500 XIS LB K & H 0y M 4R B (Achlya
bisexualis) N PEH3 B (Rhizopus stolonifer) i 2 FR &
RHATIBES, &I 45 5 ) — a5 B T RR
REBIER, MERENEET AAA B
R, R WMIRE TR A P25 U2 R 1Y)
B, 1965 4F, Jones Z A C Fric KA
BIREATI AR, SR ACE S 2 A AU Ik A
TR TR P R AL S 38 2R i ) A
W R A R IR I AR DY, XN AAA B
RO SR R A RIBIESE . 1970 4F, Sinha S5
FE TTERRARERE D o2 D A E S R
PEER I ARAS 3 NP pERAREC TRY
ATP SOVIE AR T RRAT A ; S8)5 NADPH 1F M4
Mg, ZATAEYIPOR)T s B JE WA S BT R AT A
YIE N, o- 5 C ZR-5- 1l Wik kB,
Mg™ St - L RS 5 IR — S RN TS YR
KHEAE, EDTA i FREMTE . 1998 4,
T IRTERE PRGN (Thermus thermophilus)H &KL T

AAA RS, TEMCZ TN AN AR il — e
TR G U AR ; Kosuge S5 MR AP
HB27 HHR 7l T 3.8 kb [ DNA J B, Hrp2 4
ORF 43 B SRR R HCS A HAH 47 55.3%1
45.0%MFRRLEE, RIS FERE AT HB27 B2
FREFRBUA AR THI51 38 o-EIEC —IRAEN
AR, EANE AR T RANREAE K, W ILIER
T PGS AAA RS AR

2006 4, Xu X EIEHER & R E
A BRI EY MY E T TR
45, o-F A C TRREARTE L MR I — 4 A
A AR N B B 2 (1 — AP, 2011 4,
Nango 5 & BH(2S,3S)-Bi A S Av i W A A4 il 551 %
I R R TRT 150 S A A 1 IO 7K g P 35 A o 2L Py 41
i, AR S e AR R K B 4S5 1 ook
B WX 1B T L R 550 R i) B il S ML AT 4
TEFIEY, 2014 4E, Chen Z5U6H T 76 HE 4 B0
I —— IR R I8 (Magnaporthe oryzae) &3 —
PRI RN Lys2 7EHAER . SrA il i & S AE)
FOWPE R E EEAEN, IR T A= YA )
SUE RV B g, WA AT ARy Hoh —FE R
Yy, MERE Lys2 B, AR KR SO A
IR R ) LysW JE i 54 Nt
FRER S R E B )3T, 2015 4, Yoshida 538
T 5E TtLysW-y-AAA J TtLysZ-TtLysW-y-AAA &
HYI IR, DIRRIA TtLysZ (2828 AR Fs
ARFFE L, WESET LysW AT AR 36 2 B2 A 4
BRI a-2 LA, i BAE B A AR
138 -5 A Y06 b i AR B AR FH B A Rl A
HER R A P

A 20 s, FIRDRESS: . #amRsE
FRER B B R bk S o A 2R R B — IR T —
S R T LR A B RS Bk 7 1 (Newrospora
crassa)™? . IR (Candida albicans) V45 1y
AR VB R ——AAA B, T AEXT L
AMRA MBI, R Z MR
TIPS P B R0 NS B0 M LR S IR A . Barnes 5571
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F o-% 3 ) R I S 14 2 A 3 TR (s 2) A T 3L 1K
eI LRI B 4 KR B o T SRR SR UL Iys2 (1)
WHERUN,  hy F A T R 2 R G s A P SR IR 1Y
Iy MrRAE— AN FERPY . O’Doherty 45 F 2 78 /i
PR RS, FR 08 T R T4 A Y I R o Ak
% (lipid oxidant-linoleic acid hydroperoxide ,
LoaOOH) [ AT, 5 PR iy Pz £ v o 2 i 1 B 2 1
JI5t SR DR AR A (lys 1A) T #R -5 B A2 B BY 4743 A
P, RBHARK R 765 A 50 5 0 2 IR
AYE BRI SR, EE T LoaOOH [1HF
A BY4743 TR Z SRR 551 T AR R H R
KBEAR; Wl PA BRI, B R4y & s
TR AE LRI A M 5 32 Mg o 3 A 15 S 1 SR 0
e 5 wE/EAPY, 2015 4, EXGHE STk E
(Candida glabrata)fWF5E R B, PP E LI
K Hi(SOD)——Cu,ZnSOD (Sod1)F1 MnSOD (Sod2)
TEAAL B N 2 G2, = Sodl. Sod2 4%
SEM RS TR, s Sodl S S EUIS
PR SR E 2R N, 3B Sodl. Sod2 7EXGiH
ER A A R L A e R ek A A DO,
77 W A R P SR e AR B PR B, SO
W 5% 45 586 S WF & Be B TR AR B 4 i S K
Priyadarshini R0 T 7EIA Wi fb il #rp, i
o] R 35 DR A 2 3 DA By SRR R A AR A s e X
N R LB AR A BR A s R B, 4
U Z PR B Z (TG DURT , 5 SiiE R F Gend 21
CSERE AR T LT, HFH Gend IR
W6 AR v AN IR B0 BB 57T
&4k h i e A =Y, BT e

0 COO-
+ i
H,NW
COO-
+ NAD+H,0 —=
HN meegen uH
COO~

Saccharopine

2 SDH BB EMBERMN offx —i"

Figure 2 SDH catalyzes the synthesis of lysine and a-ketoglutarate by saccharopine

PR I 9T 54 2 1A R X A A 0 1A B R B R AR
2015 4, Liu SFXF &4tk 7 SRR R R B BBy
HCS FER k5 SO iR & |k 7 74500, 4553
RIL FvHCS SERFR SR & E 2,
W S AP E T 5l a2 —
BRI AR A BB R, i 45— WA £ FH T v
WA RORAIRIE . 2016 4F, XUEEFRZEHET
G35 DR 4 0 45 TR 07 10 4 s HP s 2 R 2R 0 B
FISBESE DR, FF 0 BT 6 35 PR 2 i 1) 2 14 S AR
PRALMERT, B2 &5 el -2 R
WRA AR, JEHNE 8 M2 oD R
WA RIEEY . 20184F, P OB 5 1 X i 44T
Tl A 2 PR i P BRI R B AR LR A T4 9%
KRB, T X 2 IR A B TR Y 5 S RO A B
¥, AW CAIS, HCS FER R ik i
i, AR T mARmER, RHRT
HCS 1A S Bk iy 2 ),

2 BRARB SRR
Haiy, SRR HCS Wi iz, Hid
X SDH HIBFFEH/ . M SDH Y b A Zh ) . BALIE
R RFEHFFAIH K, %98 SDH TER R & Al
WA, W & B BT 2 KA R b
W HA EEE L.
2.1 SDH ZEENMREP RN E NS N HIE
SDH 18 AAA R MEG— N, ALK
MHRE A RN R0 S 0y, P e B 2R S A T A
TR o R, Hih NAD 1AL,
WK 2 iR

]i COO~
HN
COO~
+ + NADH+H*
NH, COO~
+
L-lysine a-ketoglutarate

140]
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g 8f) 1 2 GG T R WAL, KR ZE S ke
Bitr i B A i, BE MRS -1
s A, BN WEda— R, 7EIER I H,
Y SEESS ST J9 NAD ., Befkad it e
Wi, NADH HE 546, HEmRS o
% RREE A IR RERL,

2.2 SDH BB MERS %N

SDH JEHl &R 1, 78 PRI i R LA 2
10.18), A3z i, SDH fEIiE R dktE pH N
10.0, 76381 A A pH ol 7.0,

FECYE S, BRI REEE ) SDH AR
W3 B H o B AR S, (A TR A R T A A 3 I )
oI T ER IR CERERY, AN, SDH 7E¥
B R o TR R A R R, EAE
TE S HAR 32 B B R A ). SDH X At
FEI PSR, HORBERIT NADP /R Ryl
fitg, JfHAEW W o, NADPH 5 SDH fy454 /178
55, ¥ NADH 5 SDH 5 fItE L),

SDH HE[H T 7E [ o S R U A g e ) e
WirikE . ik, SDH &M 4 KIEIRIRIL, A&
ThE, AT NSRS A A,
2.3 BEERRSIBMNENIIMRER

1972 4, Fujioka S#0F5¢ T SDH 5 JIEIZEUH
W N, K IBAETS N o- 28 JEFR A o i iR X
SDH A HMHIE,  felg b3 il 790 2 75 g iy 1 o e
(1) 5-6 IR P2 ERR, T R AR W R4
BIR . BRMRM o-BEEC ZRIE NIRRT
HIHEIVEFAYY, 1984 4, Fujioka & ¥I7E SDH fiEfk
AR N, FE pH BARMIESL T, 1E S i
P T30 S 17 AT PR ), Burk 28 X
PP e BE ) SDH AT a8k . AR R LS # oy
Br. SDH — 5t siss ik ik R, #mn T
SDH 1A E W2 AR E FHEERY . 2015 4E,
Wan %5 & B # K E\ (Nilaparvata lugens) ) SDH
(NlysSDH) ¥ 5 FHopAk Py g A 1 — 8l f 3 A
I (yeast like symbiotes, YLS), JFAEHA & & A
SDH; HAHFFr 45 R & NlysSDH 7E# K E i

R A I B R R 4 LA VE L T 2 R A R
AR B AR PG EEAA AP, LysW N
WA MEE 5N AAA FAb IR AL R P A
WEEA ISR AY), S - LA R ER,
T AE & BT A dR Je — N SDH. il b AH BLAR
FAAE SR LysW B BRebR 25 g 4 i 22 R A\
LysW-y-Lys & &Wh Rk, 5EEw &
1P, BN SDH ALY G — 4 RN AE 451
KA T HE— A%

3 Y

15 20 Th22, B 32 e i (R 6 s O
PRICTE BB R E SR R R R AAA e AT
W s IS BER T AALEOR B R, TH A B
TIEOEAR, a4 B DS A 00 (e AT e R PR
TE RS TR G BB AR LA KAz P I A 2 5 5L TN

UTLEAERS a-Z A C T RRIBAR B AR YL L
FWTENRA, RX T2 5@ RN
PR TRED o RIS ) ] U i e R A 1
P14 JEG 0 288 R -4 o) BT D A ) 2 4 LB R P
(EB IR SU(EVSE -y NN p ) N D S R AN (W e
A g FLAE AT A 201 T BOR AR T AR LAY
LR, ) iz s B A e A i s T
TEEMET, R e s e ol LR A
THae, LI R . 0 TKF EE
R 2 R AR 5 A VA 47 AL el 1
i) e SR 7 1) AR, T A T 2 S R B TR R
TEAET DT AT, MR N L [ B A= B RE) iz
Frakh, BRI , Y. A
M) R DR T AR AR 77 e 0 e P T o 2 A G i
1111 L B R ) R 2 R R R A 7 1 AL T BB, [
AT LA AR TR T Beah & A W ke i
HR PR RN &, IR IRE Y & ikt
St e

REFERENCES

[1] Zabriskie TM, Jackson MD. Lysine biosynthesis and
metabolism in fungi[J]. Natural Product Reports, 2000,
17(1): 85-97

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



920

TEY I8

Microbiol. China

(2]

[10]

(1]

[12]

[13]

Kosuge T, Hoshino T. Lysine is synthesized through the
a-aminoadipate pathway in Thermus thermophilus[J]. FEMS
Microbiology Letters, 1998, 169(2): 361-367

Xu HY, Andi B, Qian JH, et al. The a-aminoadipate pathway
for lysine biosynthesis in fungi[J]. Cell Biochemistry and
Biophysics, 2006, 46(1): 43-64

Liu JY, Wang RJ, Zhang D, et al. Analysis of genes related
to lysine biosynthesis based on whole genome of
Flammulina velutipes[J]. Microbiology China, 2016, 43(10):
2225-2233 (in Chinese)

XU, EhuhR, St & BTS2 LR A MR
M R G HER T (0], il 2016, 43(10):
2225-2233

Urrestarazu LA, Borell CW, Bhattacharjee JK. General and
specific controls of lysine biosynthesis in Saccharomyces
cerevisiae[J]. Current Genetics, 1985, 9(5): 341-344
Nishida H, Nishiyama M, Kobashi N, et al. A prokaryotic
gene cluster involved in synthesis of lysine through the
amino adipate pathway: a key to the evolution of amino acid
biosynthesis[J]. Genome Research, 1999, 9(12): 1175-1183
Wulandari AP, Kobashi N, et al
Characterization of bacterial homocitrate synthase involved
in lysine biosynthesis[J]. FEBS Letters, 2002, 522(1/3):
35-40

Miyazaki J, Kobashi N, Nishiyama M, et al.
Characterization of homoisocitrate dehydrogenase involved

Miyazaki ],

in lysine biosynthesis of an extremely thermophilic
bacterium, Thermus thermophilus HB27, and evolutionary
implication of B-decarboxylating dehydrogenase[J]. Journal
of Biological Chemistry, 2003, 278(3): 1864-1871

Jia YH, Tomita T, Yamauchi K, et al. Kinetics and product
of the
homoaconitase from Thermus thermophilus[J]. Biochemical
Journal, 2006, 396(3): 479-485

Miyazaki T, Miyazaki J, Yamane H, et al. a-aminoadipate

analysis reaction catalysed by recombinant

aminotransferase from an extremely thermophilic bacterium,

Thermus thermophilus[J]. Microbiology, 2004, 150(7):
2327-2334
Gabriel I, Rychlowski M. Consequences of lysine

auxotrophy for Candida albicans adherence and biofilm

formation[J]. Acta Biochimica Polonica, 2017, 64(2):
323-329

Schobel F, Jacobsen ID, Brock M. Evaluation of lysine
biosynthesis as an antifungal drug target: biochemical
characterization of Aspergillus fumigatus homocitrate
synthase and virulence studies[J]. Eukaryotic Cell, 2010,
9(6): 878-893

Jaklitsch WM, Kubicek CP. Homocitrate synthase from

Penicillium chrysogenum. Localization, purification of the

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

cytosolic and sensitivity to
Biochemical Journal, 1990, 269(1): 247-253

Andi B, Cook PF.
histidine-tagged homocitrate synthase from Saccharomyces

isoenzyme, lysine[J].

Regulatory  mechanism  of

cerevisiae. 11. Theory[J]. Journal of Biological Chemistry,
2005, 280(36): 31633-31640

Tracy JW, Kohlhaw GB. Reversible, coenzyme-A-mediated
inactivation of biosynthetic condensing enzymes in yeast: a
possible regulatory mechanism[J]. Proceedings of the
National Academy of Sciences of the United States of
America, 1975, 72(5): 1802-1806
Hampsey DM, Kohlhaw GB.

alpha-isopropylmalate

Inactivation of yeast
synthase by CoA. Antagonism
between CoA and adenylates and the mechanism of CoA
inactivation[J]. Journal of Biological Chemistry, 1981,
256(8): 3791-3796

Tracy JW, Kohlhaw GB. Evidence for two distinct CoA
binding sites on yeast a-isopropylmalate synthase[J].
Journal of Biological Chemistry, 1977, 252(12): 4085-4091
Kohlhaw GB. Leucine biosynthesis in fungi: entering
metabolism through the back door[J]. Microbiology and
Molecular Biology Reviews, 2003, 67(1): 1-15

Tao YX, Duan JY, Li YN, et al. Identification of genes in
Flammulina filiformis L-lysine biosynthesis pathway and
their expression in response to light conditions[J]. Acta
Edulis Fungi, 2018, 25(4): 1-8 (in Chinese)

sk, Bofa, KT, 55 &k L-BEmR G i g
ik R S8 E N kg A [m) 56 o #Y i R D). B T 2 I
2018, 25(4): 1-8

Velasco AM, Leguina JI, Lazcano A. Molecular evolution of
the lysine biosynthetic pathways[J]. Journal of Molecular
Evolution, 2002, 55(4): 445-449

JK. the
biosynthesis of lysine in lower eukaryotes[J]. CRC Ceritical
Reviews in Microbiology, 1985, 12(2): 131-151

Kalb D, Lackner G, Rappe M,
a-aminoadipate reductase depends on the N-terminally
ChemBioChem, 2015, 16(10):

Bhattacharjee a-aminoadipate pathway for

et al. Activity of
extending domain[J].
1426-1430

Nishida H, Nishiyama M. What is characteristic of fungal
lysine synthesis through the a-aminoadipate pathway?[J].
Journal of Molecular Evolution, 2000, 51(3): 299-302
Kobashi N, Nishiyama M, Tanokura M. Aspartate
kinase-independent lysine synthesis in an extremely
thermophilic bacterium, Thermus thermophilus: lysine is
synthesized via a-aminoadipic acid not via diaminopimelic
acid[J]. Journal of Bacteriology, 1999, 181(6): 1713-1718
Vogel HJ. Two modes of lysine synthesis among lower
fungi: Biochimica et

evolutionary  significance[J].

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



e

e

(ERSE: FCoM it FR A W5 U AR I T

A_H

921

[26]

[27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

[36]

[37]

Biophysica Acta, 1960, 41(1): 172-173

Jones EE, Broquist HP. Saccharopine, an intermediate of the
aminoadipic acid pathway of lysine biosynthesis. II. Studies
in Saccharomyces cereviseael[J]. Journal of Biological
Chemistry, 1965, 240: 2531-2536

Sinha  AK,
lysine-biosynthetic

JK.
two unlinked genes of

Bhattacharjee Control of a
step by
Saccharomyces[J]. Biochemical and Biophysical Research
Communications, 1970, 39(6): 1205-1210

Nango E, Yamamoto T, Kumasaka T, et al. Structure of
Thermus thermophilus homoisocitrate dehydrogenase in
complex with a designed inhibitor[J].
Biochemistry, 2011, 150(6): 607-614

Chen Y, Zuo RF, Zhu Q, et al. MoLys2 is necessary for

growth,

Journal of

conidiogenesis, lysine  biosynthesis, and
pathogenicity in Magnaporthe oryzae[J]. Fungal Genetics
and Biology, 2014, 67: 51-57

Yoshida A, Tomita T, Fujimura T, et al. Structural insight
into amino  group-carrier  protein-mediated lysine
biosynthesis. Crystal structure of the LysZ-LysW complex
from Thermus Journal
Chemistry, 2015, 290(1): 435-447

JK,
tricarboxylic acids related to lysine biosynthesis in a yeast
mutant[J]. Journal of Biological Chemistry, 1967, 242(10):
2542-2546

Hogg RW, Broquist

thermophilus(J]. of Biological

Bhattacharjee Strassman M. Accumulation of

HP. Homocitrate formation in
Neurospora crassa. Relation to lysine biosynthesis[J].
Journal of Biological Chemistry, 1968, 243(8): 1839-1845

Garrad RC, Bhattacharjee JK. Lysine biosynthesis in
characterization of

selected pathogenic fungi: lysine

auxotrophs and the cloned LYS! gene of Candida
albicans[J]. Journal of Bacteriology, 1992, 174(22):
7379-7384

Barnes DA, Thorner J. Genetic manipulation of

Saccharomyces cerevisiae by use of the LYS2 gene[J].
Molecular and Cellular Biology, 1986, 6(8): 2828-2838
O’Doherty PJ, Lyons V, Tun NM, et al. Transcriptomic and
biochemical evidence for the role of lysine biosynthesis
against linoleic acid hydroperoxide-induced stress in
Saccharomyces cerevisiae[J]. Free Radical Research, 2014,
48(12): 1454-1461
Briones-Martin-Del-Campo M, Orta-Zavalza E,
Cafias-Villamar I, et al. The superoxide dismutases of
Candida glabrata protect against oxidative damage and are
DNA
chronological life survival[J]. Microbiology, 2015, 161(2):
300-310

Priyadarshini

required for lysine biosynthesis, integrity and

Y, Natarajan K. Reconfiguration of

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

transcriptional control of lysine biosynthesis in Candida
albicans involves a central role for the Gen4 transcriptional
activator[J]. mSphere, 2016, 1(1): e¢00016-15

Wu YY, Bao DP, Wang RJ, et al. Amino acid composition
and nutritional evaluation of proteins in six samples of
cultivated Flammulina velutipes[J]. Food Science, 2018,
39(10): 263-268 (in Chinese)

RERE, KNS, EER, .6 FhiE T R
Tt ) S RE R AL I B B L BUE FRIFAN (], B REE, 2018,
39(10): 263-268

Liu F, Wang W, Chen BZ, et al. Homocitrate synthase
expression and lysine content in fruiting body of different
developmental stages in Flammulina velutipes[J]. Current
Microbiology, 2015, 70(6): 821-828

Xu HY. Mechanism of saccharopine dehydrogenase: the last
enzyme in the lysine

biosynthetic  pathway in

Saccharomyces Norman: Doctoral
Dissertation of the University of Oklahoma, 2007

Fujioka M, Nakatani Y. A kinetic study of saccharopine

cerevisiae[D].

dehydrogenase  reaction[J].  European  Journal  of
Biochemistry, 1970, 16(1): 180-186

Xu HY, West AH, Cook PF. Overall kinetic mechanism of
saccharopine  dehydrogenase Saccharomyces
cerevisiae[J]. Biochemistry, 2006, 45(39): 12156-12166

Fujioka M, Nakatani Y. Saccharopine dehydrogenase. A

from

kinetic study of coenzyme binding[J]. Journal of Biological
Chemistry, 1974, 249(21): 6886-6891

Fujioka M, Tanaka M. Enzymic and chemical synthesis of
e-N-(L-propionyl-2)-L-lysine[J]. European Journal of
Biochemistry, 1978, 90(2): 297-300

Fujioka M.
inhibition studies[J]. Journal of Biological Chemistry, 1975,
250(23): 8986-8989

Ford RA, Bhattacharjee JK. Molecular properties of the

Saccharopine  dehydrogenase. Substrate

lysI" gene and the regulation of a-aminoadipate reductase in
Schizosaccharomyces pombe[J]. Current Genetics, 1995,
28(2): 131-137

Ogawa H, Okamoto M, Fujioka M. Chemical modification
sulthydryl
dehydrogenase (L-lysine-forming)[J]. Journal of Biological
Chemistry, 1979, 254(15): 7030-7035

Fujioka M, Nakatani Y. Saccharopine dehydrogenase.

of the active site group of saccharopine

Interaction with substrate analogues[J]. European Journal of
Biochemistry, 1972, 25(2): 301-307

M. Chemical
dehydrogenase (NAD", L-lysine-forming) as deduced from

Fujioka mechanism of saccharopine
initial rate pH studies[J]. Archives of Biochemistry and
Biophysics, 1984, 230(2): 553-559

Burk DL, Hwang J, Kwok E, et al. Structural studies of the

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



922

TEY I8

Microbiol. China

[51]

[52]

[53]

final enzyme in the a-aminoadipate pathway-saccharopine
dehydrogenase from Saccharomyces cerevisiae[J]. Journal
of Molecular Biology, 2007, 373(3): 745-754

Wan PJ, Yang L, Yuan SY, et al. RNA interference-aided
knockdown of a putative saccharopine dehydrogenase leads
to abnormal ecdysis in the brown planthopper, Nilaparvata
lugens (Stal) (Hemiptera: Delphacidae)[J]. Bulletin of
Entomological Research, 2015, 105(4): 390-398

Fujita S, Cho SH, Yoshida A, et al. Crystal structure of
LysK, an enzyme -catalyzing the last step of lysine
biosynthesis in Thermus thermophilus, in complex with
lysine: Insight into the mechanism for recognition of the
amino-group carrier protein, LysW[J]. Biochemical and
Biophysical Research Communications, 2017, 491(2):
409-415

Zhao DZ. Construction of Escherichia coli L-lysine
producing strain based on metabolic engineering[D].

Chongqing: Master’s Thesis of Chongqing University, 2017

[54]

[55]

[56]

(in Chinese)

RS S TAC TR R L2 = 7 14 D).
HP: HPRRAW 2R, 2017

Xu JZ, Yu HB, Han M, et al. Metabolic engineering of
glucose uptake systems in Corynebacterium glutamicum for
improving the efficiency of L-lysine production[J]. Journal
of Industrial Microbiology & Biotechnology, 2019, 46(7):
937-949

Xu JZ, Han M, Zhang JL, et al. Metabolic engineering
Corynebacterium glutamicum for the L-lysine production by
increasing the flux into L-lysine biosynthetic pathway[J].
Amino Acids, 2014, 46(9): 2165-2175

Chen JZ. Breeding and evaluation of pyramiding transgenic
rice with high lysine[D]. Yangzhou: Master’s Thesis of
Yangzhou University, 2014 (in Chinese)

WRERER. 250k IR 2R 1 i 0 24 BRI R IR /K R 9 16 75 B AT
MDY, P BRI L2 i 3, 2014

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



