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Table 1. L-Lysine 3%
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Table 2. L-Lysine Maker® Capacity(1991d) (ke B/, %)
3 A =493 A absd “f-A3u] vl 4l
D) A E(F) & = 40,000 27.1
o) $ o B 13,000 8.8
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Fig. 1. #i082] L-Lysine ‘£ % (Diaminopimelic acid #88). &4v8: (1) Aspartokinase (2 Asparaginic acid
semialdehydrogenase (3 Dihydrodipicolinic acid 4 &4 @ Dihydroxypipecolinic acid reductase 5
N-Succinyl-e-keto-L-a-aminopimelic acid §4.& 4 6 Succinyldiaminopimelic acid transferminase (7; Suc-
cinyldiaminopimelic acid deamilase (8) Diaminopimelic acid epimerase .9: Diaminopimelic acid decarboxy-
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Asp ASA Hsg~—» —Thr
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Fig. 2. 2to]Al k (ynk ) FiiBrevibacterium lactofermentum). ASA, aspartate-B-semialdehyde; DDP, dihydrodipi-
colinate; DAP, a, e-Diaminopimelate; Hse, homoserine.

rine BURMHEE, Brev. flavum©] Threonine, Methio- MR sle) BREA|ZCE o] H-2 Homoserine
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Table 3. tloln|-z)el| At ik 2] FRAN

0|83} L-Lycine A4t

23 E M ot W Repressor Inhibitor v OB

Aspartokinase Escherichia coli (D Thr+1le (O Thr a) 6, 7
Servatia marcescens 2 Met b) 8 9

3 Lys 3> Lys

Brevibacterium flavnum Thr+ Lys 10-12
Corynebacterium glutamicum 13
Bacillus polymixa 14
Rhodopseudomonas capsulatus 15
Brev. lactofermentum Thr+ Lys, 5, 16
Bacillus brevis Lys 17,18
Pseudomonas putida 19,20
Bacillus subtilis Lys Thr+Lys, Lys 21, 22

Asparaginic acid

semisemialdehyde Escherichia coli Lys 23

dehydrogenase

Hydroxypicolinic Escherichia coli Lys 24

acid AL Pseudomonas putida 19, 20
Pseudomonas acidovorans
Streptococcus faecalis Lys 25
Staphylococcus aureus 26
Brev. lactofermentum Leu 27, 28

Dihydroxypicolinic Staphylococeus aureus Lys 26

acid reductase

Diaminopimelic Escherichia coli Lys 29

acid decarboxylase Bacillus subtilis Lys 30

Table 4. o-opr|motr)ul4l {&Rge] M

[ S M o+ B Repressor Inhibitor w #

Homocitrate Neurospora crassa Lys Lys 31, 32, 33

AL Saccharomy cevevisia 34, 35

Saccharomycopsi lipolytica Lys 36, 37, 38

candida pelliculosa

penicillium chrysogenum

Lys + Benzyl-penicillin 39

A 3¢ Analog fiH4#EKT KB Sol )3t
glel4l opdE 1l S-(2-o}w|izellA)-L-A|2dgl
(AEC) mitetk=s HFEAldcHFig 4.

Brev. flavum 2] B¥-2 AECe]| 2)3le] sz
Threonines #FEiNEHA 1% a7} AlsiAl dout
o} o] £F Al ol mmE o= mHEs
th o] FEREFE WS #MEBE A2 H94 %
#2 S|4l g Bt AS d9low, aF of~
Z4E 7] b4+ Threonine®} Lysineoll 213+ HHIEA]

goll tisle] 150whe] MttES Aok W A2
2 A Fol| 25led Thialysine W4 #RKEE
wEe] Aoz Prolined AHE3ISS s}
Ammonium sulfated Al43& oo FrE5x Y
i ek S HESICh

F2e] shab Wol 2olal gly BEME 481
HEEREY oE 2 S ¥ o 7T e
R ko)t (Table 6 #3).
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Table 5. "] EE o] 83 L-lysines] A4t
Accumulation
Mutant Microorganism Genetic markers of lysine-HCl Ref.
(g/liter)
Auxotrophic Corynebacterium Homoser™ 13 40
mutants Slutamicum
Brevibacterium flavum Thr~ Met~ 34 41, 42
Regulatory Brevibacterium flavum Thr®* Met* 25 43
mutants Brevibacterium flavum AECT 32 11, 44
Brevibacterium AEC" AHV" 29 16
lactofermentum
Candida pelliculosa AECT 3.2 45
Pseudomonas acidovorans AEC 1.8 20
Escherichia coli AEC 0.03 46, 47
Auxotrophic Brevibacterium AEC" Ala~ CCL- ML- 60 48
regulatory lactofermentum
mutants Brevibacterium AEC" Ala+CCL" ML’ 70 49
lactofermentum FP*
Corynebacterium AEC" Homoser™ Leu 42
Slutamicum Pant” 50

AEC, S-(B-aminoethyl)L-cysteine; AHV, a-amino-B-hydroxyvaleric acid; CCL, a-chlorocaprolactam; ML, y-methyl-

L-lysine; FP, B-fluoropyruvate; Pant, pantotheic acid.
Superscripts: ", resistant to compound indicated:;
indicated.

Acatyl-CoA

aKetoglutarats o Homaocitrate

- Lysine N o
NADH: ® Cis- Homonconu:{m
NAD+H:0 w\/ 10
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NADPH; - €0
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PPy ®
ATP
L- «-Amincadipate ) oW
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Fig. 3. B3, #IRES) Lysine 485 &#so-o})x
ott]jH 4t AR). O Homocitrate synthase 2
Homoaconitate hydratase (3 Homoaconitate
synthase (4> Homoisocitrate dehydrogenase
a-Aminoadipate aminotransferase (&) a-ami-
noadipate reductase (7) Aminoadipate semial-
dehyde dehydrogenase 8 Saccharopinedehy-
drogenase

4. Lysine BRE¥sYII2] Mechanism
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b, i,
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Fig. 4. Lysine ¥ Lysine analog AEC

(54,55) % Al(56) oJsted 2k ZHBHE A 9lr).
2holal AR S] HREE o] FHd] 7|22 el
T o] JRFRS] BHie] & RES o) wlo)Aly B
FVERL 717l hate] HER Q) mdlo ute} 7)s 3}

4.1 Feed back Hi#! RNy RERS

Brev. lactofermenlumoll A= lysine %ol 2)3}
) 7F Brev. flavum Rk ¥R 7Fsich 24 o)
A& E MY HAYS.2 AHV+Lysineol ittt



36 njl¥=2 0|83

Table 6. Lysine AEEEC 7L 8

. . Yield of Lysine-
Brevibacterium lactofermentum
HCl(%)

AJ1511 (wild) 0
A)3445 (AECYH) 16
Al3424 (AEC, Ala ) 33
AJ3796 (AECT, Ala', CCI) 39
AJ3990 (AEC:, Ala , CCI, ML") 43

AJ11204 (AEC', Ala , CCI, ML, FP*) 50

AEC, S-(B-aminoethyl)L-cysteine; CCL, a-chlorocap-
rolactam; ML, y-methyl-L-lysine; FP, B-fluoropyru-
vate.

Superscripts: ', resistant;

, requiring; °, sensitive,
Kk, A2 Lysine analog2 $}+= CCL 3 MLej
it SRk7F AEC MRk AJ344625-8H BHfE
Hol 1 RFEW7E 77t 29 P 43g/9) Lysined
LR} fi#e AKE Threonine+ Lysineo] 2]&t
A&l ®uk olz} Lysine kol 23k Hajolm
ﬂﬁﬁﬁr‘é" vebdc) olgl Lysineol 213k &) #

re HERESY Lysine & HOR 3= 1Y
iﬁ*ﬁdW—J Lysine B#fiFe] 2ot} w9 Fagh i
5 ek

42 % GR2l Bk

T 5Bl @ahke] A AT
HBE st a9 938 sk R Bk

Lysine, Threonine 4 &/%-2- = 524 Brev. fla-

vumol A& 5578kl 9le]A Threonineo] E5 &
ke o7& 4Bl A 2] Homoserine HiAKHK

A% (HDase) ¥4o] DDP &k (DDPase) 2|
gectk 155 2 ALE HepElch  ulebs
HDase®| @&A& Wl=jwl Lysine L& Sl
2 23 Threonine EBEE X F=o] 2holale] i
el dodria AjzE|ejzic).

4.3 Feed back HfHIEF2| &RZoll 2|5t HiHS|
MERR

Glutamic acid®] 4:# 8 C. glutamicumo|} Brev.
Aavum 2] Homoserine ZER#ke] 2%l Lysine2] 4
PE2 o] Jpiel utlc) &, fGHBIEE B mE el
EEEY BEE ABRS.Z Control 317] ¢lste] #
FTEgMol gl Wb MHE ol &3hs Hke] o7]
of sjg=ick

AK?®| Threonines?t Lysineoll &J3+ #H3kA )<
f#ExE el 4= Threonine BEE KTAIZI® F

L-Lycine AHAF

31 Homoserine Es:M#k(HDase §hBH) o T35

2] ¢F31 Homoserinekinase (HK) §tiB#kel 4% Ly-
sine-g Awded HfEITHA4],42).

4.4 Metabolic Interlock2] #Ek&

A5 R Bolxe AR Agle] M
oli= fAAME A 13 Ul HIHE W= o= AT
gt of WEIS #bkslo A ERES MNAlT]=
A= web(57). Lysine £ 44E £485% 1-2] DDPase)
A8 Leucineo 3 AA]7] 7o g4 o]RE F
Higlel AEC mWft42! Lysine 7Egiol Leusine %
kS fLfEsle] Lysine bEERES 18 g/l2YE 41
gz L3 0H(58).

4.5 AilEM 4| 4Dt HIRME2 block

Brev. lactofermentum®] AEC ity Lysine EhY
el mEier Fetolv] At Foll+= Alanine®] BE 7}
#irg =t} transaminase LS SERENCE Fh
{88+ Lysine 4 F S Alanine ER#ES viehol,

71 Lysine &R Boktgel Fige) oste] 18 g/l
_l.—_TH #3239 g/Mx A=) alanine 2 z3Al
Lysine AR A aiaba] of7] wjfol 1 HHEm E
= Lysine AUBRS2) Pyruvic acid7} glRKES
blockell oJ3be] RIER] oFal FEEHAl FIHE 7
ol -0 2 #EpEsot

Fh, %2 Biotin(200-500 pg/l) S Kol s
akwl Lysine 53 o] #aEstA &=l 71E& ®ale}
(59).

Glucose 2] Lysine®| 4 M-8 asparaginihe]
3 fEo 2 xeigle] Bioting Oxaloacetic
acid®] &his f/@L?‘fPC’i asparaginite] &
217 Lysine 4 fit4-& fiffshe 7lo2 #EERIch

4.6 B &E& ﬁﬁ——l W&

Brev. lactofermentum 2] AEC 4 Lysine 45
poll el Lysine BFH-S GEEMRDS Rl o)5ted 33
A olgoh 2 BEE-S AR RS Seljol A
s iR F] lysine @Al SEbrbA sfsleiR]
sl (60).

ol Aol % Brevibacteriuml® el E. colivt
fEftoll mlasle] lvsine /bR HRES HEkE A
HFE e Hd & gk

Brev. flavum-S ©]-8-8F L-lysine 8ol L-ly-
sine £ &h%2] Key-enzymedl aspart okinase”} L-
lysine®} L-threonineel] 2]dled tHEAMHE ukalc}
(61). o] AshEAE ¢l L-Lys® L-Thre] BEE

aLto)



njd=2 0|8

GHAsl7] 98t BA o M EE TS g B 3=
7108 feed-back inhibition& #EHEHE 7S 4
%ol #alalydvh(62).

5. L-Lysine Bfc| RY

Glucose 25-E]  fi#ET#% (Embden-Meyerhop-Pa-
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Bol WHMCY, Energy Wi s itEslo] md g
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2578 HREhs AomM EHE oL 99 m@%;

e A9 3512 Glucose & 5E] 25579 L-
Lysineo] /EnkislE & o 4= olr)h

3C5H1305 + 4NH:; + 403 - 2C6H1402N2 + GCOZ +
10H,0

Z, mole M- 66.7% 7} HitBlZR o)), o
’ri-ﬁk% tﬂiﬁ?ﬁfﬂ Ao R Al ZAlslr)= 01
ek Bl Meke 2 ggsololnt 3 $e
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RS el BALEZ ok Aeldh

e
o} 3
9

e
.
&

°lEe Aw ThsAel ol fi, AL Fujs
TSl wEfeel] #a dprh dgely w R

st sleke olvh obwlxal A EE Coryne-
bacterium 3} Brevibacteriumo| £x5F= HIRAESE
ihtho] Welnl Sdwol £ S5 o] gaE(ket
HE L] 19 o] ZIMEy, S ofmw4l 4
VEES) SR RS 7she] & S gl & Helo
ol AL A3} Cornynebacterium2)] shuttle vec-
toroll &gk Aol o M Ro) EMTS MELE 5
BAA & drks AL 9Tz s1se o
sem, AAE elulleil R olele] EETE
Fatste] ofmmab A akeks Folim ol Fr) A)ztwy
the AHelvh EFEAY K& Mg Al o)=Lt ofe)
rikel Bl = PR B FAdsks TCA
[BlEk ) tHEEsF<l Phosphoenol pyruvic acid car-
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AL Threonine¥ Proline®] A 4bitol| %1417 7z}

8t L-Lycine Ay4t 37
o oprli Al BiES olid AL slyir). g4,
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. O. Tosaka and K. Takinami:

woli gledl, L-lysineo] #g
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