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Optimum Conditions of Freezing Lyophilization and Bioluminescence Activity
Recovery for Environmental Applications Using a Recombinant Strain

Kyung-Seok Ko' - Myunghee Kim? - In Chul Kong”*
'Geological & Environmental Hazards Division, Korea Institute of Geoscience & Mineral Resources (KIGAM)
2School of Construction and Environmental Engineering, Yeungnam University

ABSTRACT

Bioreporter bacteria, such as recombinant bioluminescent bacteria, have been used for the detection of specific compounds
in complex environmental media. In this study, optimum conditions for the preparation and application of deep-freezed
and lyophilized recombinant bioluminescent strain KG1206 were investigated for the future application on contaminated
environmental sites. Genetically engineered microorganism, Pseudomonas putida mt-2 KG1206, contains TOL plasmid
and the plasmid inserted P, promoter on the upper part of Jux gene in vector pUCD615, and m-toluate and benzoate are
considered direct inducers for bioluminescence. Optimum conditions determined for the preparation and application of the
deep-freezed and lyophilized strain were followings: cryoprotective agent (24% sucrose), lyophilization time (12 hrs),
strain concentration (ODgg= 0.6), reconstitution for freezed strain (quick reconstitution at 35°C), reconstitution for
lyophilized strain (3~6 hrs exposure on LB medium), carrying conditions (keep at 20°C after reconstitution). These results
demonstrate the feasibility of deep-freezed or lyophilized state of genetically engineered bioluminescent strain for
environmental usage. ‘
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S7HE ZEEln, o)z <ls) WE QdEA &
1F3}3HE (xenobiotics )y AAAYEAle] BHE
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“d #7131 (volatile organic compounds; VOCs)
EH AFEhE A (petroleum  hydrocarbons; PHCs)
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al., 1993; Chatterjee and Meighen, 1995). 53] AJ&Ed+
B ARG 2 AEU 9] slshikgol ojsf] AJEFHE]
Ugshs We JdHow F)AFF B (firefly Photinuspy-
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Mealson and Hastings, 1979; King et al, 1990). o]&
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A3 Jele wask gl ol WeelolE sl 9
% e WEe] ALgH] S, BE Fo| slEe]

ArE el FHEle fARE #18-2 UEpliE AL of
Ut 22 Zo] &3k 9¥ FFERAE TUs 34
& XA U2 29E Jehlir)s i) Zekars &
2 A=FE DNAE 714 deglole] Ao B3] &
T HE WPHe] Aoyt A-E vix)el vk wby oo
HEE uje] 7 A DA 5ol 9L vkt HEs
RS Adeslke die Aule] 018 JVeA, A I 1
Y1 =H@E 7|e o) B JFS 73tk #EE v
sk Wl B2 WHO R 23} Wi (subeulture),
F W 3Z(immersing in oil), YRt 52 (ordinary free-

zing), A5 (deep-freezing), A (drying) S| 91,
71 o g X5 A(ultrafreezing) T SAAZ
(freeze-drying, lyophilization)g©] UTHGherna, 1994).
HAFEE SHeAY 18 XA Z1FAY 2 A Zlo g
WAL AR oS AT 719 148}
(Tyagi and Vembu, 1990) S| #FE HAs= £
o] # 4= Qi)

B A7E 98l e f31A A2g 352 Pseudo-
monas putida mt-2 KG12065 ©]83}]c}. KG1206 T
= 7 AL AFEEFA, Add, MBA) 2 Fa
23l AHE-(m-toluate, benzoate)o] “=EES AL, AR
slot A wegs AsteRe BAE 7R QokFig. 1
TR 5, 2003). B AFelME #2E oA JRE B
3la &7 2nksle] Aol Fgslr] gst &8 (freezing)
! F AR (freeze-drying; lyophilization) W3} B
o] B4 35 9 84 A8y Ao Bag HH =
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Fig. 1. Regulation of TOL catabolic and recombinated P,,-fux

genes(P: positive control, @: regulatory protein) (5918 £,
2003).
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Table 1. Components of LB broth and minimum salt medium
(MSM)

LB Broth medium Minimum salt medium (MSM)

MgSO, + 7H,0 02 g

Tryptone 10 g
Yeast extract 5 g CaCl, 0.1 g
NaCl 5 g FeSO, - 7TH,0 0.05 mg
2N NaOH 0.5 mL NaMoO, * 2H,0 0.25 mg
Distilled water 1000 mL K;HPO, 043 g

KH,PO, 023 g

pH 7.2 Distilled water 1000 mL

2 KGI1206°]™, KG12062 TOL-plasmid®} AZFE =
gfzr=g Bgsla glon AR Zelzn=e 542
o237 2t} TOL-plasmid xyl-gene 3% promoter<!
P.°] #E puUCD615 ZERV=9] lux-gene’d ol =%
H ==, AR AEske sigkEel o) A4

= ZHUAHregulatory factory’} PS FAHo=Z 24
sl WA €53tES o QthHoltel et al,
1994; Burlage et al., 1994). KG1206& tolueneAlE 3}
3lE-o] Z7FAMEQ) benzoate, toluate = x&E A
2o} Al AEHEEAS JHXTHAssinder and
Williams, 1990). ZA&31(-70°C)ll EFAH KG1206
HaA] LB EHR)el] Al wieksted ALt 58
LBElAoY] 27, 130 rpm O 2 overnight Bl 3 LB
HiA[S] ODgo=0.60] B ®i7EAl 1:20 34 vigstd
MSM(minimal salt medium)©Z ODggp= 0322 ZAs}
o] AFo) o]R3IYTt. KG1206& kanamycin A&-7A}
(KmHE HA34L Qo2 2 Hix]] kanamycing 50 mg/
L Frlste] A3kt uiR|e] 242 Table 13} 2.

34 W7 2 AzIelA 1 &4 HAshL &
24 - ARIEE EAS fASIFE 49 SAR A
S A7) 98] ODgyo= 0.62-Z IS 7520 mLYE
AAEEI(3000 pm, 15%) 39T F5AS AAS F5
HFES 10 mL A SFA(pH=72)0F ZH2Y
A Eslar o] GARE F 45de AAAT. &
Zq 10 mLe} 2A} Uide] FEEE A9k 24% sucrose
9} trehalose® ZHb 10 mL & Wil 2A2HA E§5)
o viXg T4 BRI FEI) 12% STE GAul
T EFY 5 mLE EHisk -70°C AL @Al 7]
7], 24 DFo0070l 52 RA3G} Aold 5ERE
Aeko g T4 FFE9 B4 IES vl ¢
27°ColA wEA et F HE T 1 mMo| HES
m-toluateS Y] WFEAIE STt

Aot BHARS Al (sucrose?} trehalose)> 2 AT T
TE T4 UF3AE v g s vlasigst -70°C
oA T3 FEE TTE -50°CoM FAEAZREEA 7
7], 241 FD5505)5190k. §7] Eeka= ol 9IS &
A W ] AR F E 10 m torr ©J8k] 7
Foz FYUHO] —50°CE FA=+= cold chamber W
cold trapell 2o)A HE double-vial WS wt 54

nlAiE Qe EARRL A4 AR 2 S 2SI

23. 84 ¥ LU oF g4 35 U
54 2 $A0x 1 &4 350 da3 HH =2
A I 84 3B A8% sl 2=

4 AZhe ZALITE T2 TFE Aol 21 (27°c
A wWEA, 27°ColA 2A17E, 35°ColA] whE A, 18]an
35°ColA] 2XZhpelA SliE & WA S Hlawslltt. B

ol

[e]
g AR ARl B0 HHoE IEHEE 3t
7] 913t SiEAIRbe 2RI TANR s AR F
HAF #5o| LB A RS Arisle] A48k (recon-
stitution) AR, 1A1X~12417he] =gAddl] m|z|=
9gkS- HlwEH.

o

0.6y °l&3aL, the 4
F AAE| Al F5 40 mLE U AHHEF FE 2
sttt Zbzke] s £ 9.9 mLE FAwdl Fuf
afaL -70°ColM B4 sk, sk & 27 95 w0,
2ufyel] w2 WIS3EAS HlsksT).

g FAdZ AE A1 F(l, 2, ) FE)S
ZABIEE. (1) A #1540 mLE gHEEsi <l
2 o AlA, 22 EEE AR F, p-buffer
9} 24% sucroseZ 1:1 HIEZ F 40 mL Y3l &3}
ackaEn). ) 94 Fes Al TF 40 mLE p-
buffer= A3t 23} YAEEE AZ H, p-bufferet
24% sucrose= 1:1 BHISE F 20 mL Yol E3819tH
@M. (3) 40 mL A 4] B2t 757 5] = 27
o] Y4BT ZF 10 mL p-bufferS 2o 752 A
5 AR H 2l ERES delan. 23k gAHEREE A
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Fig. 2. Effects of sucrose and trehalose on the freezing process of
KG1206.

Z =, p-buffer?} 24% sucroseE 1:1 HIEE F 20
mL7} HA ¥ E3tstErh4Hn). O]E & t}*’—l—a— 5 mL
ol B —70°Cell A B2 F, —50°CellM 5AA
At B FA1AZ #5905 mL LB 4] 8ijA|
91 27°C, 130 rpmeE 4-5A17F B & s
248 H|wskt) ~

54 oo B4 35 F G AES S8l
£ FAoAe] & tﬂi}('4°c 10°C &2 20°C) & Az
(A7 2 3A1Zh o] T EEEA| viXE FEl o
3 ATt

o), A8l AFNA sucrose”} Al ek (glycerol,
DMSO, skim milk 2 GrHlx|e} s]AH | Bl 2dgH
Aoz ZAEY7)(ERE, 2001) 2o, B2 BHEAF
o2 ARBET YE sucrose(24%)2} trehalose(24%)E Hl
WEATH(Fig. 2). vt o= JAES T vIe F
A B3 Aok ekgEaow F3F 5 _70°Co| &4

AR

sla sfs & g 24E HRslt(Fig. 2). 945 %
o] 27] 247 Ame] AIRE A3 Fol= trehalose
Arkol ot we W S HAARY, WAHom

sucrose 70| 3 A8 Jept), wlelba
g 24 35 éﬂ"’ﬂ o3t M AT EFFE 24%
trehalose®} sucrose B AR 7VEdkA|RE, B2 E344<0
E4R3E Aok sucrosed! AOE FARERITE SucroseZt
trehalose B0 931 Aok thel A3ty o= B9
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Fig. 3. Effects of sucrose and trehalose on the lyophilization of
KG1206.

5129, Miura et al. (1998)°] 218 sucrose A3E°]
TOL Z&k2r)=9] xyl-promoterd] FH 02 TS v
)= rpo FAAE A8kt xR promotere] L
e FAANZITA gt

Eé f% EA71% Z4 (lyophilizationy& AZ Bz
Ho] #Fe AVRE R 9 3 8ol ¢S 8o
dejoltt. wEpA FAAGAAN ZARE $YU3 FHAES
Alek(sucroseS} trehalose)2 S2E T 4 X ¥
o] 4380 A FFE 2ARIHCKFig. 3). B4
B8-S 93 sMAe Hrt & oF 2A3] uldell=
sucrose?} trehalose2 718 27l F813k =ol7} A%
o1} o]zl w7 AT sucrose 7oA FElE)

A e o] ZAMERIOR, g sk 2o] %

O
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3 ¢5BAL HrElA o= F(SB, TBPIAE Wsgo]
25 BEEA ottt wep AR A0S 9

24%2] sucroseZ 84N F FYU HIEE ks Ao
AF3t Aoz FAEYANE, trehalose A AR 753F
Aoz FARE T

WSFFE 3 oA FAR TGS FY M
$2 53 3 T4 9 3AAZ 3L A N
it fEly] FEHE F viAE 9
grol| sl ARSI Sucrose(24%)9—]- LB 44 wjA| =
el g8 E0XE Ay, sEdx 3 T A

F7F =3 A% Aol ‘2‘30}93\2@, o= HE Azto]
zEx} el Alsrt S O]“: T8 FE
A4 (Moms et al, 1983y} bubbling =2 ‘boiling over’
ko g AZEE, o] A AEE —7,‘—1:1]0}-; o] £ of
o] WEThs B ATHGu et al, 2001). £ A3l

ME it S5 A7Ig 739l Hls) LBHAIE A
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Fig. 4. Effects of temperature and time for the thawing process on
the bioluminescence activity of frozen KG1206.
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ThFig 4). 35°C7} 27°CHT} & E4& Hole ZL
25 ZR7E 5 840 mA= dds) 53k 27°CcH
aEoll F2 AlZlo] A9 EY] wEo g AleHT) wat
A g BAS Al = B % WA sE
AIRME TFse WA she Ao) g3Holglal AlREH,
T4 KGI12062 35°ColM w2 siEale] g7ol 28
& US Folok ayy 27°CelM wEA FAT=
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Fig. 5. Effect of freeze-drying time on the bioluminescence
activity.
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Fig. 6. Effect of rehydration time on the bicluminescence activity of lyophilized KG1206: a) presumptive test, b) confirmed test.
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Fig. 7. Comparison of the strain concentration for lyophilization
on the bioluminescence activity.

Fal KG1206 %%ﬁ(luﬂ)sz}

A7 5‘_0]—9&
(o]

A

E7ﬂ ok

2110~

\:}(Fig 7). ODggo= 0.67F4] Bi%Y
27 TF BEE 2, MIE 553 958
o} BAAZRe] Ao T vEE %7]'
3l W Ao gasle dde) TEAEHUTHES
o] Wbl 84 3lEw AT W 35y H]¢§l’
é—‘*y} AT, A ODgg= 0.6
el Agshe 0] A0 Ao Ameich 52
L—n‘«] 4 3E-L 7] dHths 20 AMSSH

jﬁ

1__‘—"

o] Z7] @Al oal & dFS wena T v
(Gherna, 1994).

T2 2 5EA% 455 a3 8 o sE =4

= 0% B4l GBS FAY, @ AF F ol
gl () AR D () LEE 9 B4
g 2 & A& Aol olHT FFL A 9

A 3ES 3FE ol (B 2

z730] Wk vxl= JEFS ZARSITHFig. 8). Fig
8& shEslel Bde SN ¥, $4E /WT ol &

= 3 AREAE AR Fo Fee Wlsta
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Fig. 8. Effects of different temperature and storage time
following rehydration of lyophilized KG1206 on the biolu-
minesence activity.

%%%“ zolt}. Blanke= 3l ¥ ik

& 7o), thET (controly> 3
A7k Aotk UmAlE WE
5 40co1]x1 1NZH4°C, 1417, 3AIZHA4CC,
371D, 10°coﬂ*1 INZHI0°C, 12178, 3AIRH10°C, 3417,
20°ColA] 1A1ZHQ20°C, 1A1Zh), 3X17HQ20°C, 3A1%E) B3t
BHE o wh RS Wkl ¥ /= &
2 FY F 3AZ A Ao BEEAEs vlagk A3,
4°c} 10°ColA BAst 3¢ sllE SA
A3 AHTE o] AR, T 2
& 4 S AR TS Her) 20°Col BHE S
£ ARl wEi & AelE BolA] FUAARE: 9202
721 RLU, 3A17F:>9999 RLU), 35 HA] ¥R
—% ZAZ0e w)(7731 £2535 RLUYS SAKGH whagady
Bk webd 54 755 e § A2l B
o @Foz Skl FPAIR) HET 5 AT A
9o, w3 AL guleld Bu A= ok 5000
RLU 59| whgo] ZAlEQlom g o]f Jhssitial &

/\ 011;],

OE

)

Ol mlo my +

il



FA Az e B A8

27°C and 130rpm

]

1:30 dilution and culture again
(0.De00=0.6}

( subculture KG1206 {O.De0o=0.6)

!

centrifuge and suspend with p-buiter
discard supernatant (x2)

gentle mix with 10mé of 24%
sucrose and p-buffer

distribute 5m¢ into serum vial {vol. 10m€)
deep-freeze (~70°C) until use

iyophilization for 12 hrs]
e 4

(-50C and 10 torr)

v

Rehydration (recover strain bioluminescence activity)

rapidly thaw add LB and store for
e
(35%) 3-6 hrs

transfer for field application (20°C. 1~3 hrs) or
directly use on samples

Fig. 9. Protocol for the application of recombinant strain on
contaminated environments.
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