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L-Lysine Production by Amplification of the ddh Gene in a Lysine-producing Brevibacterium
lactofermentum. Kim, Ok-Mi, Sun-Hee Park, Sung-On Lee, Jun-Tae Bae, Hyun-Jung Kim, By-
ul-La Lee', and Kap-Rang Lee*. Deparfment of Food and Nutrition, Yeungnam University,
Gyeungsan 712-749, Korea, 'Department of Food and Nitrifion, Taegu Technical College, Taegu
704-350, Korea—The ddh gene encoding meso-DAP-dehydrogenase (DDH) involved in the dehydrogen-
ase pathway is essential for high-level lysine production in Brevibacterium lactofermentum. To investigate
the effect of the ddh gene amplification on lysine production by B. lactofermentum, we constructed two E.
coli - B. lactofermentum shuttle vector, pEB1 and pEB2. The recombinant plasmids, pRK1 and pRK2, car-
rying the ddh gene were introduced into B. lactofermentum by electroporation. The specific activity of
DDH by amplification of the ddh gene was incresed 7-fold, and also i-lysine production of B. lactofer-
mentum strains harboring recombinant plasmids were 18~20% higher than that of the control.
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Brevibacterium lactofermentum, Corynebacterium glu-
tamicum, 12]3L Brevibacterium flavums AFQH2E
lysine¥} 22 ofr| Al HhEAN ol 2] o] &5 it
[7]. ol&igt F5F9] o)At A S E S8t 2
¢l mutagenesis®} genetic engineering 5 thFgl 7]
<o) o]84-5 1 9l 2™[6], o] & mutantel] 2|&t lysine A
AreEE @7} 250,000 tons o] 4ol 2aha oleH8).

AP EA AN L-lysine 7R A2 o} AZE
3l A= Y AESE o F WA A
25 o] 83} lysines APAFsh= AR &4 St
[21]. 2=} ol=i’ AP A2l Wit HAL chekst
3 Aol glo, FATol= acetylst I F7F dALE
[23] ¥ succinyl® & F7F HAFE(2, 1118 T2 AA
lysine2 A= 2712 ©}E  diaminopimelate
(DAP) 7 E[22]5 acetylase 2 ¥ succinylase %2
2 793tz de[20], meso-DAP-dehydrogenase
(DDH) 74 2[25]+ dehydrogenase A2 E&|oIX]x
SAeH 20].

At © 2 Escherichia colig ¥)F¥ ZE Gram(-)
45 2 d5-22] Gram(+) v EEL succinylase 73
22 lysined A§AE[13], dehydrogenase AZE
53l lysines A= HEAJ FF<= Bacillus
sphaericuso1tH[24]. 121} lysine A4t F52 C. glu-
tamicum = B. lactofermentumN < F7HX A=, &
succinylase 74 22} dehydrogense 727} 37 283}
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o lysined AFASIH AIdA S F lysine HFEAM )
de] o]&=m U5, 13, 16]. 2] 22 lysine A
Foll F71H 2 &2 ZEA3= dehydrogenase A E2E &
T lysines A3k 7|98 AL AlREH, &
3k 71 534l tetrahydrodipicolinate( THDPA) 2 5-¢
meso-DAPR.2] Aol glo] acetylase HE & suc-
cinylase 3 29] 494 498 AR 21 3YA]7]7]
u Foll @2 AHo] & Aoz FAHAH(Fig. 1).

B A7} 52 B. lactofermentum®] lysine AFA 7
2| 914 dehydrogenase 74 2ol ¥ A& 71X
tpdZy A7+E sPEA B lactofermentumoll X dehy-
drogenase 422 EAE ASo2 HE2H[16],
w3t dehydrogenase 72| #HoIste ddh FAAE
cloningd}2Z 19 sequenced R v} 9], o8
2] F 2ol £ AFA}F 5ol B. lactofermentum®] ddh -
ZAZ disruptiond}e] dehydrogenase 74 2& AtA|Z1
A=}, B. lactofermentum ddh mutant®] 47 2 lysine
Akl 9ol AL FAAE 2B E B, lactofer-
mentum| 4 2] dehydrogenase 732+ meso-DAP 2
lysine Al slo] 4E7143 HARE ARg3ve=
A& #lsksieH10].

wepa] B AT AE lysine WEAN O] o]-8-F 12 gl
+ B. lactofermentum®) lysine A4S FdlA]17]7] 1%
dsto 2 E. coli-B. lactofermentum shuttle vectorE |
Z3}a o] & o83t B. lactofermentum® lysine 343
o glelr Ao 2H83l= dehydrogenase 7 2ol
B3l ddh FAAE SZA7 024 B. lactofermen-
tum®] lysine AJA#Fel| 71X = F3-& AT




Table 1. Bacterial strains and plasmids used

Strain/plasmid Genotype Source or
reference
B. lactofermentum
KCTC1846 AEC" Nx' ser KCTC, 19
E. coli
IM109
recAl supFA4 endAl hsdR17 Promega
gyrA96 relAl thi\(lac-proAB)F.
[traD36 proA’ proB’ lacl’
lacZ/AM15)
plasmid
pBL1 B. lactofermentum 18
cryptic plasmid
pHSG299 Km' Takara
pJUBO1 AP Cm' 1
pXX14 Ap' ddn’ 9, 16
pEB1 Km' This work
pEB2 AP" Cm' This work
pRK1 Km' ddh’ This work
pRK2 AP’ Cm' ddh’ This work

Abbreviations : AEC, S-2-aminoethyl-L-cysteine; Nx, nalidixic
acid; Km, kanamycin; Ap, ampicillin; Cm, chloramphenicol;
KCTC, Korean Collection for Type Cultures.

Mz 3 ey

A 2l plasmids

Brevibacterium  lactofermentum KCTC1846(ATCC
21798)[19]% S-2-aminoethyl-L-cysteine(AEC) WAl
WolF2 4] cryptic plasmid pBL1{18]8] Ao g A}
43193, E. coli JM109+ plasmid DNAE <FA 1A B
A 7= d52 AHSsIg )

Plasmid pXX14& ©]A2] =%[9, 16]¢14 23 o
2 ddh FAAE T A=xF plasmid2 AHE-319 2>
o, pHSG299 2 Dr ]J. TimkoZ23¥ Fofure pJUB01
[11 E. coli-B. lactofermentum shuttle vector HA|FE
&3} E. coli replicon®- 2 ARE-8}gth B AF o] A&7
T 4 plasmids®] 542 Table 13} 2},

HHKI X HHQF =2

Aol A3 BE 5= vljofoll= LB(Luria-Bertani)
vix)[1718 AH&slgl e, ol we} ampicillin(Ap),
kanamycin(Km), chloramphenicol(Cm) Z2li1. nali-
dixic acid(Nx)E #H7lsted vjFsladrt. Lysine A=
A& vzl [21]1 2= A x| 241 CGIIIHNA] & AHE-313d
o, 4l ZA CGCHIA|E modificationdte] AH-
sttt 2 Aol X838 B. lactofermentum X E. colit=
3714 &7} ellA] Zhz} 30°c e 37TANA s oFstadch

A%

oge
o
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B. lactofermentum®] cryptic plasmid+ Santamaria
Z[18]9] vk o2 E. coliz ¥ plasmid DNAE Birn-
boim and Doly[3]¢] alkaline lysis #} el w2} F&5
sich AgEA At 2 ligation HH~2 Sambrook &
[17]¢] whell &3le] =333l 2= DNA 282 F4
28 0] 83} agarose gel AollA] Hl =),

E. coli®] 3343 Sambrook 11719 wha ol ule}
s3ystd.ew, B. lactofermentums] 3732 Bonnas-
sie 5[412] Wl F3Fed 2500 voltagedllA] electro-
porationA] Zt}.

meso-DAP-dehydrogenase(DDH) E/M=A

DDH #4342 Yeh 5[25]°] AMg-& vl ole}
weofsl #AE 0.2 M glycine-KCI-KOH  buffer(pH
10.5)0l 3l AXE =9g F YAalLelste] 43
A& crude extractZ AHE3IiTh AAEAL 7]A=
10 mM diaminopimelic acidZ AHE-3}H 2 FHEAZA
0.1 mM NADP7} %% 0.2 M glycine-KCI-KOH
bufferell crude extract® FH7}slod mix|=t B3E 1
ml2 2 ohg, 37°CellA 3087 HHS-A1A 340 nmell A
sl NADPHS o &A3kdcth. 1 unite 149 1
pmole NADPH<®] A& ZFvlshe 49 ooz A9
e, BjEAL A mgd units®E ZAEAT
i Aeke Lowry $112]1¢) v el uk=} 750 nmell
A FRE=2 EA31929 bovine serum albumin(0.3
mg/ml)-& standard 2 AHg-s}aich.

L-Lysine 2! glucose A&}

Schrumpf 512119 ¥l wel A7 7=
CGIIMR| oA wjekAIZ] FAE QARSI 24w
0.9% NaCl=Z 23] A& vhy, 2 sample®] ODgo T2
Ed3}A dle] modification® CGCHIR| 2 2| # £5)o]
9617k &<t vl sl et AlZAA(0Dgy), glucose 48]
2 3 lysine A 2] £4& 918l 347 vlc} sam-
ple 2 ml&& F3}s]2H, w53t 10N NH,OHE %7}
sted pH 7.45 #-A13Flc). Lysine A3 wfofel-g ¢
Al&g]sle] ol.o Al=dlS () 45 um membrane filter®
filtrationt ¥ HPLC(Waters)2 ¥-43lg 2w 33 o]
A MrEAYsle] Fagtez ehgigdc). =8 glucose
A glucose oxidased AHE-3le] SigmaibellA =4

3k 2] Aol F3to] 243},
dut U nFE
E. coli-B. lactofermentum shuttle vector X=X 2! B.

lactofermentum@| &&I&St
B. lactofermentum S Z5E] 4.4kb cryptic plasmid
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Fig. 1. Construction of shuttle vector pEB1(A) and pEB2(B).

Plasmid pBL1 was digested with HindIIl and ligated with pHSG299 partially digested with Hindlll, yielding pEB1. Plasmid pBL1 and
pJUBO1 were digested with HindIIl and ligated, yielding pEB2. B, BamHI; E, EcoRl; H, Hindlll; S,, Sall; S,, Sphl; X, Xbal.

pBL1[18]% #&]3sld Hindlll2 Axtsly T4 Ix
2 REAgE 2.7kbe pHSG2999 ligationAlA 7.1
kb®] pEBl& Alz3slsle=(Fig. 1A), =3 HindllI=
#2]%}F cryptic plasmid pBL13%} U3 A|FELE A
2§t 5.5 kb2l pJUBOL[1]3# ligationA|A wH# 10 kb=
71¢] pEB2¢& AlZ3}3ith(Fig. 1B). Shuttle vector A3
o] AH&-¥ pHSG299 2 pJUB01-> E. coli replicon®
multicloning site 55 X3 3J.2™ high-copy plasmid
o]t}. 53] pJUBO1- promoter”}t $A+ neomycin *1%
4AAHE §3lar 9l promoter probe vectorE o4&
2 5 de= AHe] 9ley B A7AF 52 shuttle vec-
tor AZ ol9% ddh A2 promoter 4 A S
23k o)E ARgsldth(data not shown). ZHe] li-
gation mixturedl]l &3}t E. coli ]IM1095 324 3Hs)
3, FAAZAE Km =& ApE &#3 LB wix|<lA
Awt=Eldc}, AR 25 E29 plasmid DNA=
HindlI12 A<HA)A agarose geldllA] 7|35 A7
pEB1 % pEB27} A= A58 #AE 5 At
Shuttle vector pEB1 ¥ pEB2e| €& B. lactofer-
mentum2] 3 A 32 electroporationol]l 23l o] F14

20, pEBlY 9% FAAFA T KmS i3 vz

3Pz
A colonyE A3+ 7 pEB29 23 R Cme 4
gk wAelA s AT ApE TR A A=
Wl 51x] E3lginh ol E. coli®) Ap® gene®| B. lac-
tofermentumol A HE 3R] FRoh= Ozaki 511418 2
29} dxslen}. Shuttle vectorell €& B. lactofer-
mentum] AL Table 204 Bt vle} o]
pEB1ol £J3F &-go] pEB2¢l| <& Arr}t 9315t
A|Z¥ pEB1 2 pEB29] B. lactofermentum®] replicon
2 25 4.4 kb cryptic plasmid pBL12%8] f-l35F93#]
ut FAAFg-o)| 4] 2po|E ¥l & pEB2K.r} pEB19]
vector 2717t 2 kb o1 27w o2 FA e}

=8} plasmid K= 2 B. lactofermentum®| DDH
g

Al z% shuttle vector pEB1 ¥ pEB2E o]43}e
ddh FAAE FF3 AEF plasmidE Ax3b7] $13}
o, pXX1425E9 ddh F+AAE T/ 2.4 kb Xhol
GH-& 3]43ke] pEB19] Sall sitelZ 4F3l3led pRK
1& AxstHF.20 (Fig. 2A), =3 pEB2E Sallo2 3



Table 2. Transformation efficiency and DDH activity of B.
lactofermentum KCTC1846 with plasmids

transformation
plasmid recipient efficiency DDH sp. act.’
(transformants/ (U/mg)
Hg DNA)
None B. lactofermentum 1846 0.15
pEB1 B. lactofermentum 1846  7.5x10° 0.14
pEB2  B. lactofermentum 1846  2.5x10° 0.11
pRK1 B. lactofermentum 1846 20.0x10° 1.09
pRK2  B. lactofermentum 1846  2.0x10° 0.78

*The specific activities of DDH (DDH sp. act.) were expressed
as units per milligram of protein.

AtAA diZF 9 kbehHS agarose geldtollA] 3|48 &
2.4 kb Xhol =83} ligationdle] pRK2E AlZ3}ich
(Fig. 2B). E. coli JM1092] A3 24E plasmid
DNAE #213la of2) 7HA) Agiars AAA ag-
arose gelellA] A7]45A17 A3 9.5 kbe] pRK1 ¥
11.4 kb®] pRK27} AIZHHE-E #AE 5 ek
#}z3} plasmid pRK1 2 pRK2el €8+ B. lactofer-

7133bp

o
£%a

sall+ Xho! cut B
l Ligation
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mentum®] FAAZ-EL pRK2x T} pRK14123 7o)
10813 = =9ktH(Table 2).

ddh F3AAS] FEol A3’ B. lactofermentum® meso-
DAP-dehydrogenase(DDH) 48 &Als}7] 913},
AEC WA+ B. lactofermentum KCTC1846 =
shuttle vector ¥-& A=Z¥ plasmids FFI B. lac-
tofermentum KCTC184622%€] DDHe| A& &A
315ith. Table 2614 B A A d2FgF2 A143
AECUHIA #52} shuttle vectorE 33k a7kl A
2 83 59 248 Jehligl e, Az plasmid
pRK1 % pRK2& 27+ 333t B. lactofermentum®
DDHe| &AL dizdFrr} 7v) A% Z7}1sidct.

ddh S8XIC| SZEE 56t B. lactofermentum?®| -
lysine 2444

B. lactofermentumNANA ddh 331 ZZFo 23
lysine A &-8- 2AV3}7] 838143, B. lactofermentum T
F5 ARl CGCellA 96417 wiFsled FAIAL
glucose AR|2F  lysine AMAIEFS v|x HA3kgich
Fig. 34 2+ 2 ¥ A=3 plasmidE 373 o

LSaIH- Xho ! cut
1 Ligation

HS,
17438,

Fig. 2. Construction of recombinant plasmid pRK1(A) and pRK2(B).
The pRK1 and pRK2 were constructed by inserting the 2.4 kb Xhol fragment of pXX14 at the Sall site of pEB1 and pEB2, respec-
tively. B, BamHI; B,, Bglll; E, EcoRl; H, HindIll; S, Sall; X,, Xbal; X,, Xhol.
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Fig. 3. Comparison of growth in B. lactofermentum KCTC
1846 harboring plasmid pEB1 (O), pEB2 (), pRK1 (@),
and pRK2 ().

OD, optical density.

o] AAe shuttle vectors -8 2T A9
A2 2 ddh gened] FE-2- B. lactofermentum®] A7
off 388 v|AR] e r AlgHct a2y lysine
AAdeke) vl B4 oAl Fig. 4A¢lA e A A)
%% plasmid pRK1E &/ 5 75 4843 o] F
BE] 2FFRe) lysine YA ko] F7Vab7] A absle]
72217 woll= HAAE Heplgl e 1 o] F= 23]
& Zrasisich HgAE vebd 7247 oY lysine A
Aeke diz=adF7} 4.38 g/l°]l 2™ pRK1E 38 &
T 5.34 g/lo)sich. =gk A =3 plasmid pRK2E 3
g FFel A= pRK19 -3 A {ARE ek v
gl en 7247F we] lysine AR d|E2FF7t
4.30 g/le]51 2w pRK2-& 3Hirgt &5+ 5.07 g/le1%ich
(Fig. 4B). o]A+e] AgAA=Z n|Fo] & o ddh gene]
ZZ 43t B. lactofermentum® lysine AAIsFE
pRK1 2 pRK2¢14 tizdFRc} 242t 20% L 18% %
7Vetg o

2 o

B AFE B. lactofermentumoN X ddh 3218 £F
o] lysine A=l vlx= ¢S ALl 95k, |
Z E. coli-B. lactofermentum shuttle vector pEB1 %
pEB2E A|x3lsd e, A=¥ shuttle vectoroll ddh -
A2 ligationdte] z}F3 plasmid pRK1 % pRK2E
T3t} B. lactofermentumell A ddh FAXE 2F
217171 $18te] A 23 plasmidE B. lactofermentum o2
=9i3le DDH 845 SAF A3} dzdFrel 7uily
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Fig. 4. Comparison of glucose consumption and lysine pro-
duction in B. lactofermentum KCTC1846 harboring plasmids.
(A) Glucose concentration () and lysine production (@) in B.
lactofermentum KCTC1846 harboring plasmid pEB1 (open sym-
bols) and pRK1 (filled symbols).

(B) Glucose concentration (A) and lysine production (M) in B.
lactofermentum KCTC1846 harboring plasmid pEB2 (open sym-
bols) and pRK2 (filled symbols).

T F7stgct. =3 lysine AL vl BAdAE
ANZ3 plasmidE T3 T2 ¢ 48417k o] FHE]
control TFHET} lysine AAsko] F71317] Alxtsle]
72217} el WA E ehglon 1 o]F = 23]
zhastdet. A E ekl 72417 €] lysine A3 3
& g 2FF7} 4.30~4.38 g/IZ vrehdlg)ow pRK1 2
pRK2E 3 o5+ 272 534 g/l 2 5.07 g/le] et
olate] A E wlRe] B 9 ddh FHALY] FFl o7
B. lactofermentum®) lysine AAd ek o) 2ol v}3}le]
18~20% A% Z7}sldch.
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