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The expression of Deinococcus radiodurans dr1558 and pprM genes was examined for enhanced lysine pro-
duction in recombinant Corynebacterium glutamicum. These genes are known to confer high tolerance to
pH and osmotic shock in Escherichia coli. D. radiodurans dr1558 and pprM genes were expressed in C.
glutamicum by using 6 synthetic promoters of different strengths, to evaluate the effect of expression effi-
ciency on lysine production. Recombinant C. glutamicum expressing DR1558 under the L.26 and 164 pro-
moters showed higher lysine production than that expressing DR1558 under other promoters. Similarly,
recombinant C. glutamicum expressing PprM under same promoters (L26 and 164) showed a higher
increase in lysine production compared to that expressing PprM under other promoters. In the absence of
CaCQOg; in the medium, the expression of DR1558 or PprM also increased lysine concentration in C. glutamicum
depending on the promoter used. Together, these results suggest that genes involved in radiation tolerance
in D. radiodurans can be used to enhance production of amino acids and their derivatives.
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o =g, A9, BAAE, ABAS TG AT 27
2o Aol B FOo2 T delA Yrh10-13]. thopat

BAZ, B 5AZ FgAkst A 2" T th=0] DNA 4 Al A

do] D. radiodurans®] &2 Ao FF& FA4t, o]

St DAY EAR ] dist &3t HAYES S EYsHA 9
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At Azt R QcH16]. D. radioduransol| A S-efEk vt
S ZHADR1558)Y% A2ATHE DA (cold shock
protein, CSP) AA5A Z4] DNA &4} W8 2AZ (PprM)S
ol A ol F@sto] 4hska AEH Ao T3t A3 o]
FAE AT, 16]. v E TETF APHH PibEolL; B
AhEo] SAEHA w2 & pHY 4HFY 5ol HatE o
2 95t A 88 AAEA "k Corynebacterium )
735 gol4l o AAte] whE AFEdel it vk A 2
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Fdol S7HE T, ol gt Ha oA LAt &
2 AAE + UdS AL 7jgEn

olo £ AFANE FUH R Fa3 opu|iil F9 3}
el gto]Al AAF #3521 C. glutamocum®| D. radiodurans
oA {5t A6 Tl d PprMi} two component
regulatory transduction system®] response regulator?l
DR1558 F-HAE Ztzt W@ sto] ghol Al Aol A=
FF= Bristginh B3, 2ol Aol WA= fAAY
FFE AR AR = IA &S] Heo] & A+
ANME 71&0l Bug Td A717F o2 6749 FAE F4
Z 25 H (PLio, PrLos, Pris, Pres, Prso, Prse)E ©1-838k] 74
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Al A S v aLsk gl

e

|

Of

| AE 9L ujg uiA]

B AN AHE C. glutamicum KCTC18572 KCTC
A EZ- A E] (Korean Collection for Type Culture, Jeongeup,
South Korea)ol| /] EoF worom, gto]Al AAS &3t =5
2 AEESUY. XS Z2EE(PLio, Pros Pre Piess Prso,
Puse) S E 33t pCES208GFP H E| 52 lysine decarboxylase
o H@S Fof okl Y Ag4tol| o] &= T4, 5]. D.
radiodurans @45+ T3 UAH A1 Y ATPAA AT L
(ARTI, Korea)o| Al &gttt -84 225 3 i+
2 LB HjA(1 L F 10 g tryptone, 5 g yeast extract, 5 g
NaCl)E o]&3te 37TolA w3t C. glutamicum
KCTC1857+= RG HjA|(1 L & 10 g glucose, 30 g sorbitol,
10 g beef extract, 40 g brain heart infusion)®]] %3}
250 rpm, 30T A 2447k F<t v st At
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A =3t C. glutamicum A%}

dr1558% pprM FAAE D. radiodurans®] A DNA
ZE¥E ZIZ DR1558-F (5-TAA GCA GGA TCC GTG
ACT CTG CCT CAA GGA-3'), DR1558-R (5-TAA GCA
GCG GCC GCT CAC AAC TCC ACG CCC TC-3"<
pprM-F (5-TAA GCA GGA TCC GTG TGC CGA GTT
TCG ATT-3), pprM-R (5-TAA GCA GCG GCC GCT
TAC CAG CGG TCG TC-3)& o] £3fo] ZEE|gly 2%
H §A3AE= AtaE A BamHI (Promega, USA)T} Notl
(Promega)2. 2 Aalct. FAH ZZREHE EF3
pCES208GFP Z&Au| =52 BamHIT NotIo 2 Aetst
T 22 FAY AaLrEE AGE pprMIt dris58 §
AAE 47 225 fi 272 GFP7 AoE pCES-
Py EStAP|ER AASTH BE Y2 EgtAm|Es =
Fof HuE 9 wabA C. glutamicum KCTC1857& 3
AAgst=t °] &= $AL[4, 5], colony PCR, °|F Algta s
A 2|2} DNA sequencings &3l AE<& st

ot

ZolAl A4 8 24

FAASE H23 C. glutamicum KCTC1857%= 30 mg/l
kanamycin®] Z3% 2 ml RG v A o] H£35}9] 250 rpm,
30T Al 24A17F FF ettt wiFA(10% viv)=
30 mg/l kanamycin®] Z3¢H 20 ml CG 1L & 50 g
glucose, 15 g yeast extract, 15 g ammonium sulfate, 0.5 g
KHyPO,, 0.5 g MgS0,47H0, 0.01 g MnSO4H50 and 0.01 g
FeSO047H,0, 0.6 g CaCOy, pH 7.0) &8 2] o] A2 5}¢]
250 rpm, 30C oA 48417t FeF vl gt At v F N2 4T
oA 8,000 xgo & 10& T A& sto] Fojfit
A&t g o] e olil} TG FEE 573
3}7] ¢J3) high performance liquid chromatography (HPLC)
(Agilent 1260 HPLC series, USA) 48 4~3J3} %t}

gto]dl =S S48 s ARSE Z-2 ZORBAX SB-
C18 5 um column (Agilent, 4.6 X 250 mm)©°] 1L, 3Z = 2]
& %X+ Aminex HPX-87H ion exclusion 300 mm X 7.8 mm
column (Bio-rad, USA)E A}&35to] 2431t HA, vk
ol 9] 0] Al-S diethyl ethoxymethylenemalonate (DEEMM)
(Sigma-Aldrich, USA)YE o|-§3to] =43t 817] 913l wiek
ot 100 wlo] DEEMM 6 ul, 240 mM methanol 200 ul,
borate buffer pH 9.0 600 ul, 3%} 54 94 ulE 7}s}e]
70TColA 2A17F ¢t BESAIFTH18]. T &, ¥4 2 um
membrane filter (Advantec, Japan)S ©|-&35}¢] o} ).
®Z EZ= 0.01, 0.05, 0.1, 0.5, 1 g/12] &o]4l EHE A&
s}t). o]F5AF A= 25 mM sodium acetate buffer pH 4.8

£, 9] 54 BE acetonitrile& AFE-3} 1L gradient= T



T} Zro] AAEATH: 0-28, 20%; 2-328, 25%; 32-35,
60% B. Z+ A]&= 10 mI¥ FY3 o HPLC 4L ¢
S 3} Zro] AA3+4 T} Flow rate 1.0 ml/min, stop time 36
min, optimum temperature 35T, UV detection wavelength
284 nm, maximum pressure 400 bar. £ = =4S
93t & 222 0.025, 0.05, 0.1, 0.25, 0.5 g/1®] E= &
oG ALge ATt 2 ARE 10 m4 28O 5 mM
sulfuric acidg ©]-&3 580 32 E= ot HPLC =
AL oS3} Zo] A3t ): Flow rate 0.6 ml/min, stop
time 20 min, RID optimum temperature 50C, maximum
pressure 400 bar.
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DR1558%} PprMe| 'Hdof w2 zjolil At G
thoFst A71E zt= =2 R L10, 126, 116, 164, H30,
H363})| D. radiodurans dr15583}F pprM GAAE drd st
= Azs HE 2 JAASE C. glutamicum= Z2k23 Hj
Folol Ui 2ol le] FES 2K Table 1. 2}
23 B g Fof oj o] T=F2 gle= AL Y
Aot ARZAY 2202 AEH 64 ZERETS X
AN 23 C. glutamicumo| A= 9.83 g/l2] gho]Alo] AJALE Q]
A9k, DR15580] WA A =3 C. glutamicumo| A= 2o
30% o] Al H=7} Z7}=9)th. DR15580] L2629 =2 R E
Shof A WA E o= 2hol4lo] 12.76 g9 =2 At
Hlon, 1649 Z2REZ HHE H Lol 2ho]ilo]
11.79 g2 AAIFo] Z7h5 9l ol ehol Al AT B

Table 1. Concentration of the lysine after growth of recombi-
nant C. glutamicum KCTC1857 at 30 ‘C with CaCOs for 48 h.

Promoter/gene Lysine (g/1)
loa 9.83 + 0.53?
Hso/DR1558 11.62 £ 0.25
Hs¢/DR1558 1135 + 0.38
l1/DR1558 9.24 + 1.81
lea/DR1558 11.79 £ 0.50
L1o/DR1558 10.77 £ 0.14
L,¢/DR1558 12.76 £ 1.07
Hso/PprM 11.25+1.39
Hse/PprM 10.86 + 0.85
l6/Pprm 824 +1.85
lea/PprM 1249 £ 1.16
L1o/PprM 7.79 £ 091
Loe/PprM 12.65 + 0.46

2Values represent the mean =+ SD of three independent replicates.
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U 2 FARE 1167} L10 Z2R2E koA PprMe] &
AE AS o4y 5% F7t= o] FAAA gt o] HE
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Table 2. Concentration of the lysine after growth of recombi-
nant C. glutamicum KCTC1857 at 30 C without CaCO; for 48 h.

Promoter/gene Lysine (g/1)
loa 3.06 + 0.05°
Hso/DR1558 3.48 +0.27
Hs¢/DR1558 413 +0.64
l,6/DR1558 3.02 + 0.09
lea/DR1558 288 +0.10
L1o/DR1558 3.23+0.24
L,¢/DR1558 291 +0.14
H3o/PprM 345+ 1.02
Hs¢/PprM 3.55 + 0.97
li¢/PprM 242 +0.81
lea/PprM 2.96 + 0.09
Lio/PprM 3.00 + 0.09
Loe/PprM 298+ 0.17

3Values represent the mean + SD of three independent replicates.

A7FE A& 7%, 48X 7 v F Fof WA 2] pHE 8 AEE
FRl= oot 429, CaCOs7} v Aol H7tEA] ¢S -2,
w2 9] pH7} 7 ZAE FA = A ZotaL, vjA] 9 pH7F Hjek
o] Yol et wrotx]A "Hrt. CaCOs7F F7HE A F<
785 48A17F ¥ ol v A &) pH= 4-5 AR Ropxl o
™, CaCOs7} FA7FEA] G 7 48A]7F ujF Fof| 2ol Al
9] s HUME iR oA Bt d& e T g2
o7 A gH I64 T2 EET 9= XS C. glutamicum®]
73 9F 3.06 g/19] to]Alo] AYAFE| Gt 48417t Fof o}
e TP % 26.59 g2 Lx=Fo] vjg F A2
2 E % 2519 H303 H36 T2 H 3ho 4] DR1558
o] HdH A= ET Hrh &2 3.48 g9} 4.13 g9
gtolAl st Zbzk dojFt. o2t A= PprMol UE
of w2 glo]Alo] RYAL FFol| A= Bl = it H30Z H36
Z2RE stofA PprMo] HEH Foe 2 Bt &
3.43 g/1¢} 3.55 g/19] gto]Al =7} ZkzF dojF ok H30
H36+= ©|A 9] CaCOs7} H7He A olA &2 o]l 4=
ZU1E B¢l L2637} [64Eth= ZERE A7IE %
Ao dA .

2 Aol A= D. radioduransoll A A W/l 714
3t AR dr15583} pprME 0183t ol Al Akt
A C. glutamicum AZF #+35 A Zste] WAk, 1 9
FE e 2 A 2R A B8 B &
EYA HH AR ddo] ik #F2 WS if-§
A& FHAA EM" 59 EHAESY] BAEE Sl #
L35 o] 89 £ S Z o2 FwoHc} 2o C. glutamwum
KCTC1857 —7,‘—3 o] 835l UUdE 59 mL-m9l

fr mo & rlo
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aminovalreric acid (FAVA)E | Z HE -P,—EHQ gags
o]-g3to] AArSE AF7F R F QI ch21]. ¥ AF+AIE ok
oFe B AE) BEATH, TFE vlo| Az R &
A8 wagozie vole 49 Aviz, Eelvl, 4R 5

= BEF0E A & Qe AL Jdidn22].

Acknowledgments

This research was supported by Golden Seed Project, Ministry of
Oceans and Fisheries (213008-05-1-SB910), by a the National
Research Foundation of Korea (NRF) grant funded by the Korea gov-
ernment (MSIP) (No. NRF-2015R1A2A2A01004733) and by the
Nuclear R&D program of the Ministry of Science, ICT and Future Plan-
ning.

References

1. Woo HM, Park JB. 2014. Recent progress in development of syn-
thetic biology platforms and metabolic engineering of Coryne-
bacterium glutamicum. J. Biotechnol. 180: 43-51.

2. Lee JK. 2010. Carbon metabolism and its global regulation in
Corynebacterium glutamicum. Korean J. Microbiol. Biotechnol. 38:
349-361.

3. Lee JY, Seo J, Kim ES, Lee HS, Kim P. 2013. Adaptive evolution of
Corynebacterium glutamicum resistant to oxidative stress and its
global gene expression profiling. Biotechnol. Lett. 35: 709-717.

4.Yim SS, An SJ, Kang M, Lee J, Jeong KJ. 2013. Isolation of fully
synthetic promoters for high-level gene expression in Coryne-
bacterium glutamicum. Biotechnol. Bioeng. 110: 2959-2969.

5. Oh YH, Choi JW, Kim EY, Park K, Song BK, Jeong KJ, et al. 2015.
Construction of synthetic promoter-based expression cassettes
for the production of cadaverine in recombinant Corynebacte-
rium glutamicum. Appl. Biochem. Biotechnol. 176: 2065-2075.

6. Si M, Wang J, Xiao X, Guan J, Zhang Y, Ding W, et al. 2015. Ohr
protects Corynebacterium glutamicum against organic hydrop-
eroxide induced oxidative stress. PLoS One. 10: e0131634.

7. Zhang Y, Zhu Y, Zhu Y, Li Y. 2009. The importance of engineering
physiological functionality into microbes. Trends. Biotechnol. 27:
664-672.

8. Fu RY, Bongers RS, Van Swam I, Chen J, Molenaar D, Kleere-
bezem M, et al. 2006. Introducing glutathione biosynthetic
capability into Lactococcus lactis subsp. cremoris NZ9000 improves
the oxidative-stress resistance of the host. Metab. Eng. 8: 662-
671.

9. Zhang J, Fu RY, Hugenholtz J, Li Y, Chen J. 2007. Glutathione pro-
tects Lactococcus lactis against acid stress. Appl. Environ. Micro-
biol. 73: 5268-5275.

10. Krisko A, Radman M. 2013. Biology of extreme radiation resis-
tance: the way of Deinococcus radiodurans. Cold. Spring. Harb.
Perspect. Boil. 5:a012765.

11. Appukuttan D, Singh H, Park SH, Jung JH, Jeong S, Seo HS, et al.



2016. Engineering synthetic multistress tolerance in Escherichia
coli by using a deinococcal response regulator, DR1558. Appl.
Environ. Microbiol. 82: 1154-1166.

. Ohba H, Satoh K, Sghaier H, Yanagisawa T, Narumi . 2009. Identi-

fication of PprM: a modulator of the Pprl-dependent DNA dam-
age response in Deinococcus radiodurans. Extremophiles 13: 471-
479.

. Slade D, Radman M. 2011. Oxidative stress resistance in Deino-

coccus radiodurans. Microbiol. Mol. Biol. Rev. 75: 133-191.

. Ishino Y, Narumi I. 2015. DNA repair in hyperthermophilic and

hyperradioresistant microorganisms. Curr. Opin. Microbiol. 25:
103-112.

. Munteanu AC, Uivarosi V, Andries A. 2015. Recent progress in

understanding the molecular mechanisms of radioresistance in
Deinococcus. Extremophiles. 19: 707-719.

. Park SH, Singh H, Appukuttan D, Jeong S, Choi YJ, Jung JH, et al.

2016. PprM, a cold shock domain-containing protein from
Deinococcus radiodurans, confers oxidative stress tolerance to
Escherichia coli. Front. Microbiol. 7: 2124.

. Varela CA, Baez ME, Agosin E. 2004. Osmotic Stress Response:

Quantification of cell maintenance and metabolic fluxes in a
Lysine-Overproducing Strain of Corynebacterium glutamicum.
Appl. Environ. Microbiol. 70: 4222-4229.

20.

21.

22.

Effect of DR1558 and PprM on Lysine Production 275

. Kim YH, Kim HJ, Shin JH, Bhatia SK, Seo HM, Kim YG, et al. 2015.

Application of diethyl ethoxymethylenemalonate (DEEMM)
derivatization for monitoring of lysine decarboxylase activity. J.
Mol. Catal. B: Enzymatic. 115: 151-154.

. Choi JW, Yim SS, Lee SH, Kang TJ, Park SJ, Jeong KJ. 2015.

Enhanced production of gamma-aminobutyrate (GABA) in
recombinant Corynebacterium glutamicum by expressing gluta-
mate decarboxylase active in expanded pH range. Microb. Cell
Fact. 14:21.

Razak MA, Viswanath B. 2015. Optimization of fermentation
upstream parameters and immobilization of Corynebacterium
glutamicum MH 20-22 B cells to enhance the production of I-
lysine. 3 Biotech 5: 531-540.

Joo JC, Oh YH, Yu JH, Hyun SM, Khang TU, Kang KH, et al. 2017.
Production of 5-aminovaleric acid in recombinant Corynebacte-
rium glutamicum strains from a Miscanthus hydrolysate solution
prepared by a newly developed Miscanthus hydrolysis process.
Bioresour. Technol. DOI: 10.1016/j.biortech.2017.05.131.

Oh YH, Eom 1Y, Joo JC, Yu JH, Song BK, Lee SH, et al. 2015. Recent
advances in development of biomass pretreatment technolo-
gies used in biorefinery for the production of bio-based fuels,
chemicals and polymers. Korean J. Chem. Eng. 32: 1945-1959.

September 2017 | Vol. 45 | No. 3



