Y ETI A A18E A4z
Korean J. Biotechnol. Bioeng.
Vol. 18, No. 4, 312-317(2003)

Glycine &0l OI8t Pseudomonas aurantiaca S-4380 el
IHZSG* levansucrase 849 MIE 2] 2H|SX it

-
N
ol
ot
M
ro
Y
N
el
F.l‘.’l

CEmb s - 2o - BEY

[=] o [=] [ = [ - o o o =2
(3 2lgujo|28, "MHrystD ulo| 2AZB BT, *Hs|t) SAjo|siysty
(M4 : 2003. 6. 30. AR5l : 2003. 8. 27))

Effect of Glycine Supplement on Extracellular Secretion
of Levansucrase from Aseudomonas aurantiaca S-4380
in Recombinant £scherichia coli

Seung-Hwan Kimt , Eun-Kyung Jang, In-Hwan Kim, Ki-Hyo Jang', Soon Ah Kang®, and Byung-il Chang
RealBioTech Co. Ltd, 6-13 Walsan-ri, Nam-myeon, Yeongi-gun, Chungnam 339-820, Korea
'Department of Bio-Food Science and Technology, Samcheok National University, Kangwon 245-711, Korea

ZDepartment of Medical Nutrition, Graduate School of East-West Medical Science, Kyung-Hee University, Hoeki-Dong 1,
Dongdanemoon-Ku, Seoul 130-701, Korea

(Received : 2003. 6. 30. Accepted : 2003. 8. 27.)

The addition of glycine up to 0.5% (w/v) to Luria broth (LB) media on the secretion of levansucrase in a recombinant strain
Escherichia coli JM109/pUPLK1 was observed to enhance the release of periplasmic proteins from the cell to the broth,
without significantly affecting the cell growth rate and protein productivity. However, the glycine concentration at 1% (wjv),
the cell density attainable at the stationary phase fell to about 50% and the extracellular activity of levansucrase
corresponded to about 80% of the total (extracellular plus intracellular) activity and increased by 2.6-fold, comparing to the
cells grown in the absence of glycine. The increased pH at stationary phase accelerated the degradation of levansucrase.
Maximal extracellular activity was attained when 1% glycine was supplemented at the onset of strain growth.
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N B2 FTUA, BAFAAZ o]&d 5 ULl HuHAK). ¥
H 71ES] AE RaHS o &% QI FL we g
Levansucrase (sucrase:2,6-B-D-fructan 6-B-D-fructotransferase; &7 WL levansucrase®] e, FAHE< ’%“‘é ol EAH
EC 24.1.10)= #FAojutg-S Sulste] AFo 2 HE levan (3). old FAE FE3] 8 B Id7AEL Z mobilis(d),
& YAsle Faolth Levand o] B2,6 22 A% R aquatilis(5), Z18]3 Pseudomonas auranttaca(é)&il?—Ei
TEA O9HE uBE  (Zymomonas mobilis, Bacillus levansucrase geneS ®E|3td UlFmolA FHAA A4S
subtilis, Bacillus polymyxa, Rahnella aquatilis, Pseudomonas sl on, olg o|&3ld #Whe MAshe AZE Eh
syringae, Erwinia amylovora $)o|u A& (vlz, 2% %) L WLSATHA-6). R aquatilisSt Z. mobilis} wild type
A BHARCHL). Levane AL AEAANZ AT HE TFEL levansucraseE A ¥ (outer membrane)©]L} Hj oFoR
A, AR NAA, Holdf UR, AAEHIA o2 A} oi ZHSARKL, 7), olF FAAE E colidlA] TEAR
|2 = 3o, Loyl 8§ ArAEA EF HEA, & S W levansucrase W-E FA o) EAEATE Yk
2, E colid) A= toxins¥} hemolysinsd} 2 FFo] thul
12 A A2F duAL HX R BHEHR gu
A el FH=rHd, 8, 9. FA W S AXE 9z &
371 A3t B U E 878l milling, sonication ¥HH
o2 ATE AT Wl gel ARHI it gE
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dHoZE FA 3 FAHJ) HHE F uiddoz B
Al7171 A3 sEdsiAE MEge] FaiAde ZUiAA G
4g FHlAFle A9t Holsith10-12). A3 gl
oA 9 AeE, glycineg Ao} HrIEALK13-16),
Bacillus species?] THA HulA)AsS o]&3h= W30,
17) 5ol A7 Kk GlycineZ w=|o] A lsle Wy
vy 7 A48 & Je ¥HOE, aamylase 59 A=
g 2idol T 9 AAbel ALF ot QIri1s). B A7
AMe E colidlX AZF levansucrased] T & BH|E &
AX717] A8 glycine AH7be] a3 & Frp 274 g
H2AE AR
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B A AFS TF= P. aurantiaca S-4380 9]
levansucrase S A48l @A IscAE 7FA plasmid
pUPLKIO] E% E coli JM109/pUPLK 10|t} E. coli A5
Wi 2+ LB HiAE 7)E u)jA 2 50 mg/Le] ampicillin 37}
3l AREE g Had wa glycined}t BAYOE glycerol
< H71sksh

HY 2FFH

ANZ% E coli IM109/pULK1E 50 mg/L. ampicilling
3 LB ufx|e| A} 37°C, 150 rpm F7A0 2 Aguielr]o]A] 10
At A ks Atk A wigked-g 500 mL baffled flask®]
ik} 150 mLo} 2% (viv) F23 & 33T, 150 ipm 2L
& wjoFslgeh wER wj%e 5 L wEZE (KF-S5L, §=tdda
NE AHEIET, 29E%F 3 Lo, A wigd 2% 4F
on ZF/E 1 wmod TFIAY. IWETE 300 rpm,
pHE 2N HCI® 28% NH,OHE 69~7.0 #H2 S AR
Antiform (Sigma, USA)& 7)o <F 50 yl/L2 H7tet] A
AL dANHeH, Bao w wiek F glycined 7}
3kodch

ElAiHFté"l

o

Levansucrase?] /32 O'Mullan 59 ®W#H(19)o] w2} A
2 (sucrose) VIR E AGHT T AAEEE e
AT AT 9z BWE Gre AARAT F A5AY &
A28HE SASMeH, AE O 54 84S 1 mLY WY
< 5% s dARHsd FAE F5ex, 20 mM
sodium phosphate buffer (pH 6.5)Z 23] A3 & FHF<]
buffers A F 2F9 FH72 FAE A A
g H-E 1000 pmo|A AR F ATHE BAEHSE
o AMRSEIETE BAEA =4L 98k, 50 mM sodium
acetate buffer (pH 6.0), 1% A&, A3 5 900 uL
o] THAE 37TCA 308 ¢ HAIAG WHEFE F
FeEd Exg FEe EET EA kit (510-A, Glucose,
Sigma, USA)S ALg3le] BEA39ct E4EA 1 uit 1F
9 1 umold] EEFS A E FA dom Aoty
o} iAol AL ovalbuming TERAEZ & A 2
¢l Bio-Rad protein assay kit (Bio-Rad, USA)Z A Fs}4ic}.

A|& 100 yLo| Coomassie Blue &< 5 mL-& 7}3l Hojz
F 2087 Ao WAEAL 595 nmollM FFEE A
EEZHAT vwste] HAsPrh. Eie BHEIFS FHI)
9] SDS-PAGEE Laemmli (20)o] oj3ho] sk,

Zo o nFE
Glycineo| s HIIJ| HAHMZEO O|X[= HE
Glycine2 Hjzlol] H/IetH A2 AFg Adses &
glor}, glycineo] M Xl 2Hg-3ted cytoplasmol] &)
DAL periplasm = AE Bloz BEHAAZRE U5
Aok geiA UTh12-16). Jang F(6)9] AW AT 9]}
o, B Ao ARE3 AZFF FFE, levansucrase AR
promoter region¥} structural region o]9jo)x TP Tl Ad L
H|E Z A3} signal peptideE 7}R|1 Qlo} TFE7} A
A7) Hjdd oz En7t sbEsicta Rudiych B Ad
ANZEH TF9 A promoter ©]L5}] induction
BAE PR, glycineFEE 0% 1.5%71A4 3
7¥ste] AE AT} Ga4e] AEe FuIEE PolEtrh
Fig. 13} Table 19|49} Zo] glycineo] Sl ®iX|dA =
A ZAEAY] dFETe] A 92 BHlEY, W &
30 AZA AA GAEAT TA o AagAde] ¥4 Z0t
33 3047 o] Fdle ZHASE AHEFE el AFEA
Ao ARk TA YZ BEulE G40 ¥Ee ujA
2ol uhel F7he] ApolE Hoful, 24AIZEAME 42%, 30AJ7E
dXE 17%, 36X 7HME 15%, 48Xk 11%E Vet
U, BAE §49 tifEe]l A e EAsdch ol
A= E coli IM109/pULK19] Z&A)3l= ©lA secretion
T8o] AZF levansucrased] WHFEL TFA oz EujA
717l1de &S ek @38, FAY A
glycineS H71319S wle, #iA W glycine F=7} FoldS
2 5T EHOE #F AR At Jehtth A w
Al FFY Hd QAL glycineS HrFA] 4kE W=,
ODsp nmojlX A% 74 FFET 3.8°1A% 0.1%Y o
32, 05%Y o) 25, 1.0%¥ W= 1.5 Jebdrh Jang 5
(23)& glycined 05% FEZ A EEE o HE S0
= 9] gla 2% o) HIKE ul 90% ol ME F4
o] JAHETT B, ¥ A¥e ZAzset thi zolE: U
Rt o]l AP AREEF host celld] FHS AXHE
TR F5 wet glycine HU7E X FAA TGEA
A& F= AR AAHS Y. B AFdAE, ¥4 ¢
2 Bulg &4 4L glycine 571 FolA4E ¥4 A
g 0%Y wWie 25 UmL, 0.1%Y =¥ 55 UmL, 05%Y
W= 60 UmLolPa 1.0%Y¢ wWE 80 UmLIth 28
glycineo] 1.0% o] 7t Aldle AE7 A3 Wol 304
Zt o449 7 lag phases BN F 2FH 4AstT: u)
A Wl glycineS H7FetAl 94kg wiel] wlwsly, 1.0% 3
7H-& Wi 80 UmLo R &/do] 3] A% F713t92m ol
4L AR a4 80% Ao HF3AT A A
£ Aristidou E(15)0] BjA] Wl glycine 1% o} A7} Al
periplasmo]] ZA|3}= proteino] Hjgkh o2 Hu|HErok= U &
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Figure 1. Effect of glycine concentration on cell growth and extracellular protein excretion. Open symbol, protein concentration; close symbol, Optical

density. O; 0%, []; 0.1%, A; 0.5%, O; 1.0%, O; 1.5%
5 QA 2%E vehAt

Levansucrase2| ##|9| SH|

iAol glycine FEE 0%lA 1.5%7HA] A7lete &9
AE 9 BEATE Yo} B Adl(Table 1), glycine FE7}
1.0%77] ZolAd4-E AX 92 levansucrase EH|&Fo] Tolx]
v 2% 2FY 4 Utk 283 glycine F7F =7 *E
F2 e wjA e AE ol levansucrase’} EHHEE &
o1SET) AXo] o8] AMEE & T4 BAEE Table 13
Zo] glycine H7}o] 0%Y w 189.5 UmL, 0.5%Y o 1356
UmL, 1.5%¢Y ) 97.6 UmLE Zoj=e AL & & = 9]
ok wjF A} MIE 9] levansucrase Hd] AL glycine S
L0%E A7} A) "jok 30 Aj7te] E48Ado] 811 Umldl] =
231, M¥E WolME glycined H718MA 49ks o Y
30 A7bel 158 UmLZ I &E4s 84S UERUcK(Table 1).
o] A glycines H/ISHA ke W ITF 8L At

o] AAHog AEY F2d @ F B2EHYTIL S
e vehdich 249 AX9 2u] JTE SDS-PAGEE ]
g3led FEa7 AR Y2 RuEg eisigrkFg 2).
Glycine& 05% o]/ 7} Al, wjFAlzto] F7lshax Al X
o doldw o] mjgHez BulEE &+ Uk
Song 5(14)& A 7ro] F715H A levansucraseZ} -3 5 of
inclusion bodyZ A E 3, 5484 Z4HE AL Bust

‘Qnk B ARAFNE AT EAEAE AX U

inclusion body:= 4L #HAY & gdlow, WEAIZ]
£ wjgde] pHrt ¢7leld pHE Uehlle ZS Uit
Song (149 APAFolAe wigde] pHA et Aol
glonz, dgdse B Ao APAHY Hxe ofFATL,
E ol vehd(Table 1) Wik 3642 o]F &4 84
o] 373 aste AL wjdH e pHYF S FFeE 7]
A Aoz AtgdH.

Table 1. Effect of glycine supplement on levansucrase production and excretion to fermentation broth

Extracellular activity (U/mL)

Time(hr) 0%" 0.1% 05% 1.0% 15%
24 169 37.0 24.6 52.7 9.45
30 31.5 54.0 66.6 81.1 155
36 23.0 39.2 7.2 79.9 22.5
48 10.8 23 5.0 28.2 74.1

Intracellular activity (U/mL)
24 239 1421 109 478 6.48
30 158.0 118.3 68.5 16.3 25.7
36 128.2 74.7 12.4 54 28.2
48 92.0 30.3 25 13 23.5

" Cells were grown in the presence of various concentration(w/v) of glycine in the growth medium.
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Figure 2. SDS-PAGE analysis of levansucrase expressed in E. coli
IM109/pULK1 grown in glycine medium and harvested at 24 hr in
incubation (a) and 38 hr in incubation (b). Lanes 1,3,5,7, intracellular
fractions; lanes 2, 4, 6, 8, extracellular fractions. Lanes 1-2, 0%
glycine; lanes 3-4, 0.1% glycine; lanes 5-6, 0.5% glycine; lanes 7-8,
1.0% glycine. ST : protein standard maker.
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2 H37} A7 glycine©] nucleotide-activated peptidoglycan
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3t glycined A o2 A EAFA 7wt wjA] o)
H7vehaA @ide FAle] BuAEE RBASG E coli
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2.12, AA7]9)A4 ODgyp 3.150] E2a}Q0om, glycineo] #F
9 A%E A ANFE ¢ F JUUFig 3). AX 92
2ad] BHIATE ulY 27]9 glycineg #H7lElYS o) 80
UmZ 713 =4 vl

Induction g1}

E. coli IMI09/pUPLK1-2 P. aurantiaca 2<] levansucrase]
FHAE AR Q7] W&o IPTGY lactose®] induction )
ol EAE AAHEHC HuErKe). 183l P. aurantiaca
#2 promoter$} plasmid AA)7} 7} YE lac promoterS
7R3 17] wjFEo] IPTGY} lactose= induction S o T
N2} promoter’t FAl FFI HEi: BIAFE FUAZ
T A=EAE AR TR A7o] ODsw 0.64] =93}
F& W IPTG (0.5 mM) EE lactose (0.1%)E Hj=]o| 7}
39tk 1 A7 Fig. 49 g2o] AxX9 uig AHE A4S A
ST glycines V1A 44tg W F3E7F 2 ODew
40742 Z7FeI9 AT, UHA T (glycine 1%, glycine 1%
/IPTG, glycine 1% [lactose)o|X= A EASZ7} ODgpo 2.2
A=2 W FAE 292 B Induction EFE FAY
HHAFR ARG0] e RA2E Kol 27)9] promoterst FA]
o &FaA ¥v ALE {FFEHU. 4, glycine Hrle &
Ao TAY FHlo| JFE FolA, glycineS HIIEIA] ¥t
< Wi WSAIRE 6047k 22 UmL FEHAT, glycined
AFAE o W FRelA HE 90 UmL E4FHEE e}
Rk
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Figure 3. Effect of 1%(w/v) glycine supplement at different growth phase of cell on extracellular protein concentration and extracellular
levansucrase activity. open symbol : protein concentration., close symbol : dry cell weight. O : Control (cells grown in the absence of glycine),
A Exponential phase, <> : Stationary phase, [J : Lag phase. Arrow : Time of adding glycine at different growth phase.
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Figure 5. Production of levansucrase in batch culture using 5 L fermentor.
Conditions: Temperature, 33°C; pH 6.9~7.0; agitation, 300 rpm; airation,
lvvm.Symbol @ cell growth, H: protein concentration, O:
extracellular levansucrase activity
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