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AY & ZE capacitorg® TETh FALE AL coaxial cable® EAEH Zo)

gl =8 Rojrh[1-3]
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probedl A 4mm & 7Tmme AR &
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A7 Azt Qo] dAE Eole
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T
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Gy s C

1 > VWV I T < 15N
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¥

\l
L

g 1. 1H3} 15N%71A B% 2 tuning ¥ matching® & 9% probed] FE2=E Y
eldic}, Cl, C2, C3, C4& variable capacitorg WEM L C5, C6, C72 fixed capacitor,
L1& A}Z+e] flat coil, 1/4% coaxial cable® T+&9lA 1H frequency filter 4&& %

o}.
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19 2% probe circuit®] HA E¥E JEldY. ALz coil2 €] A F
Aol Fo] A 87tcoild] FAd £9-& W magnetic field®] homogeneity®& §% &
NEZ 3t £ F 7 coaxial cable power line®} % & Zo] th¥ tuning
3} matching® B2 4709 variable capacitore A 3& ©o|] %z @3 RF
power®] £4o] HAE7E & 5 AA wixHA ok = A FLF nHAE ol

19 2. probe circuit®] A =¥

¢]% housing2 aluminum< AF£3l%, 400MHz NMR probeo] A ] magnet W
22 Eo7te FEY sizeE 49X A7), ringing problemo] 471X FES 2
SEAl A &etA] o cape ¢HEF & taflon sheetE EHAA ringing FAE W
2 g},

A/4 line< coaxial cable® A}-8&3 1H frequency® filter 9 8& do). A4
WL Heo] £x9 teflontllA He] &xeo] ZAE(0667) L 94T
magnet<toll A 1H 9] frequency$l 400MHzE Al-£3to] ZolE AR ol"k A
HEA A/4 line2 FF 9 % H& BAUIL grounding AlZlth ol F
circuitel power line# 37 #3831 network analyzerE A3l tunning®
matching#} B2 thA] deolg ZA g AR A& o9} 2o,

Av =¢
A/4 = c/dy

= 3X1010 (cm/sec) X 0.667
4X 400X 106 (sec™)
= 125 (cm)

A 2o Pag capacitor®t Inductances o}efie] A3 Zo| AAF==Z o}
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g F2& o83t fixed capacitors} coil®] sizeE ZAA S},

Capacitance Inductance
Series Series
1/Citar = 1/C1 + 1/Cy + 1/C3 + - Ltotal = Ly + L o + Lg +
Parallel Parallel
Ciota = C1 + Cp + Cg + Vit = /Ly + /Ly + 1/Lg + -

Xc¢ = 172TfC XL = 2T{L

X=X
2Nl = 1/2T4C
£ = 1/M2MALC

f = 12u0J/LC

% f = frequency in kilohertz (k)
L = inductance in microhenrys (uH)
C = capacitance in picofarads (pF)

A A capacitor®t coil size?t 2R /4 lineg £&3+= 1H sidel'?—E'l AAsta
network analyzer® AM&3}4 tuning® matchingg A =3lx, 9483 Sy
15N side® 9238t % tunning® matchingg vk F #F4 EH‘E} circuit®]
tuning® matching®] E4Y9A 1/4 sized fixed capacitor(ATC 6.0pF)¢} &
inductance® 15N side®l ground® 923l 1HHF 9 frequency’} 15N F 2]
frequency channel$& %H3stx] Z3=F & F3 ol “high frequency tra
p” o8t B &t ol isolationgte ¥ W3(Higha Low, LowaHigh)o 2 H&
25dBE Hojof sitd, HFHOoE AL probed YW BE parameterES 1Y
3% #E1d] eI

Coil Dimension 11x20x4mm (5 Tums)

Inductance 49 W

Probe Q: 1H; 220, 15N; 105

Isolation High 34 Low; 20 dB, Low a High; 296 dB
Power Capability 1H Dec; 2.3ms 90 °, 15N 90 °; 45ms

¥ Q¥ quality factor® YERATH

¥1. AAE probed specification
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Thermodynamics of step—wise hydration in the
ion—-mediated aerosol formation

Hyung-Rae Kim!

Abstract
Semi-empirical and ab initio calculations on the hydroniumion-water
complexes have been performed in order to obtain step-wiseenthalpy,
entropy and free energy of cluster formation. Theresults are interpreted in
terms of structure and the relative enthalpy and entropy contributions to
the free energy are discussed.

1. Introduction

Atmospheric aerosols are very important chemical species in both the troposphere and
the stratosphere. The successive processes of nucleation, coagulation and condensation
lead to the formation of aerosol particles. However the chemical detail of the critical
nucleus formation has not been elucidated clearly. Recently a proposal that ions, both
positive and negative, can serve as efficient cores for the nucleus formation, eventually
leading to aerosol formation, has been made. Many experimental measurements support
the proposal.

In this work we present the results of quantum mechanical structure calculations on
hydronium ion - water clusters with 1 - 10 water ligands. Along with optimized
geometrical structures, thermodynamical quantities (enthalpy, entropy and free energy)
were obtained. These were used to calculate stepwise enthalpy of hydration, stepwise
entropy of hydration and stepwise free energy of hydration. The results are discussed
in terms of available experimental data and are used to suggest nucleation mechanism.

2. Computation

Quantum mechanal structure calculation packages have been used to obtain optimized
geometrical structure and thermodynamic quantities. For small size clusters ab initio
calculations could be used with relatively large basis sets. However, for clusters that
had more than ten water ligands, Ab initio computations were impractical due to
excessive computation time. Spartan was used to do semi-empirical calculation and
Gaussian 98 was used to perform ab initio computations. Each method uses molecular
mechanics model building to find initial geometry to be input into quantum chemical
calculations. Graphic user interfaces were utilized to view initial and final geometrical

) #=siSoimsta ek n4
2 EEL 20023dE $ITolstm FedTH Ao o] 0Tl R,
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structures.

Figure 1. Optimized PM3 structure for H3O (H20)1-4

Several semi-empirical methods were tested. PM3, MNDQO and AMI1 methods were
compared and PM3 vyielded structures most similar to the results of ab initio
calculations. MNDO and AMI1 sometimes did not yield optimized structures for the
hydronium ion water clusters. PM3 method never failed in this respect even with a

large size cluster.

For ab initio computations, both Hartree Fock (HF) and density functional theory
(DFT) were used. For HF, medium sized basis set (6-31G*) was used while for DFT
large size basis 6-311+G(d,p) was used.

3. Results

Some of the optimized structures are shown in Figs 1-2 for DFT, Figs 3-4 for HF
and Figure 5 for PM3. It is seen that different methods give similar geometrical
structures. - However different methods yield very different vibrational frequencies, which
will have great effect on the calculated thermodynamic values. As the number of
ligands increase, many different configurations exist. In contrast to what can be done
for PM3, it was almost impossible to find all possible configurations of a large size
cluster for DFT and HF due to excessive computation time. HF and DFT computations
were done only for those configurations that yielded lowest energy for PM3 computation.
Unfortunately some clusters had different configurations from the initial configuration
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when geometrically optimized.

Figure 2. Optimized PM3 structure for H30 (H20)s5-¢

Figure 3. Optimized DFT structure for HsO (Hz0)p-3

25
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Figure 4. Optimized HF structure for HzO'(Hz0)s-6

All the clusters had structures that have hydronium ion at the center and water
ligands surround the core by hydrogen bonds. Therefore hydrogen bonds determine the
shape of a configuration. Clustering of a water ligand is possible only when a
hydrogen bonding is possible between a hydrogen donor and a hydrogen acceptor. It is
clear that positive charge of the ion core (hydronium ion) has a role of capturing a
water ligand nearby but it does not actually hold the water ligand in place by ion-dipole
interaction. There are many ways a given ligand attaches diré'ctly to an ion core or to
another water ligand “that is already attached, hence a large number of possible
configurations.

According to the position of attachment point the geometrical structure, rotational
constants and vibrational frequencies differ, and therefore the thermodynamic quantities
vary.

For n (the number of water ligands) of 1, the PM3, HF and DFT give different
structures. Spectroscopic data favor DFT in this case. For larger clusters (n=2 and up)
both DFT ‘and HF . results show good agreement with spectroscopic results.
Unfortunately spectroscopic results are available only for clusters up to around n=6.
For clusters with n=10 and up only PM3 calculations have been done. As n approaches
20 the structure tends to have globular form as had been suggested by many
experiments.

FORCE option was used to compute vibrational frequencies as well as thermodynamic
quantities. The following table show the changes of thermodynamic quantities with
increasing cluster size for HF calculation. PM3 and DFT results were not as good as
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HF.

Note the sharp drop of dH in going from (2,3) to (3,4). Also it is seen that entropy
changes are not affected greatly with the cluster size.

As n becomes large (from n=10 to n=20), the entropy effect becomes dominant
according to our PM3 computation.

n ~-dH(n-1,n) -dS(n-1,n) -dG(n-1,n)
(Kcal/mole) (cal/mole-K) (Kcal/mol)

1 32.776 22.799 25978

2 23.192 26.428 15.312

3 19.350 26.548 11.423

4 11.839 25.482 4.242

5 11.140 24.548 3.820

6 10.455 23.795 3.360

7 8.6846 21612 2.240

8 8.0640 22212 1.441

Table 1. HF thermodynamic Quantities

There are three contributions to entropy : translational, rotational and vibrational. Both
Translational entropy is always a constant and rotational entropy increases only by a
small amount as n increases and its effect is almost negligible. Vibrational entropy is
the most dominant contributor to the successive entropy of clustering. Entropy effect is
not high in determining successive free energy of clustering for relatively small n (n=1
to n=7). Therefore enthalpy effect is dominant in this case. However as n becomes
large (higher than 10) entropic effect becomes significant and eventually becomes a
dominant factor in determining the seccessive free energy of cluster formation and the
size of critical nucleation.

5. Discussion

Compared to experimental results, HF gave the best result. “The sharp drop in dH,
and no change in dS are reproduced. The sharp drop in dH is due to the formation of
new hydration sphere. The near plateau of dS is due to the small contribution by
vibration.

We will continue our work for larger water clusters of hydronium and clusters of
other ion cores such as nitrate and bisulfate.
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NFERENE T AFTAEEA] $49
A GEFF 780l U@ A7

o g HD

8 ¢ AFAERAE 2 BANIE FHse EviNEn F F8F 3
Heolth. 2y, FY AV UF ZAE ASdE Fy HEvtEls (AR)E A
sed U B H ol 247 HB2, o83 A= (Binomial Count)® °) &3 IYE
ZA7 gast B dFdAE o B¢ o3 ARE FF U=AEY FAHEL
Bt FRLEFFE ol 4T ARE WHE ANSuA d. o] WHE By,
AELEFALY] AEEn 284 2 3L ol + A 2 Aoyt

1.4 &

THENA o3 ARE AMEFE XEZAE dFY UEE AXsEd H
FAoz AHEEH gt oo wE £33 FEIALY AT qF

< H&F HD ALl FHE £ 7] WEd AIFe & A= /\V“°]‘3]-.
(Pedigo and Buntin, 1994) o]&]¢ o]@ A5 2] Al&L &HF9 £8 A

A2 9 (enumeration method)ell ]3] ¥]-& WA fE]3t, W ]5&1}3
7h Zk3 e AR A wid, AF-A Py o dxFARdg gy & A
T2 7HA Aok wEbA, olEd MEFY Frle 2 BEY FE FUMAE °—d’
gS sted, 2ddE ETFen #59 ol Wi olgxs AEL AFFH
wel ®lE] HEHe o Aot EE, oldF AEE AIEFoEHN, A5 H
ﬁLZ’—‘I, E2 932 LA d3] 2H2EZ BNAAE /O ¢+ A HE
ol@&am A&¢ olFelgtn & 4 vt

AsE 87 B4 Qo] s diddA n A AAE Adgstd, o F
7R e AMASF, a8 AN F A E (Infested Probability),

ot

S od
H‘l

o
o o2t

1

)
ofw

-a
P(D="

D g3 Folgstn A4}y FuEAGY 7
B RS g TogehE 20024 E mnq A7H] Aol 9@ APAT,
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& AldstA Bot. 971 FF pr=P() & 7}A 3, Kono ¢ Sugino 7} %A
i:‘l.

m=expa‘[-ln(1-PT)]b’
£

Intm)=a’ +b'In(-In[1-p4])

AdsA Ak ol W, @, b & AYARIN QL

+, Bliss 9} Fisher (1953) 7} l°“§‘l’ A 3 %Ol o dHHER(FHZ

olgt FAEA Atk AVl m & TEHF, §°

Bliss ¢} Fisher £ Binomial A8 A K& &A= L2 zLS A7 3
t}, o)A Fe K Z 7|80 2 negative binomial ¥

)-K

p(0)=(1+%

pr=P()=1-p(0)
£ o834, prE 7ML mE Adste A Y24,

A7A, prE ANSE FHE RE 247 ZEZA (sequential sampling)o]
SEE RS )
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o o

4= (Un)+ v

i+ stop-line ©] AAHEIA (Karandinos, 1976), x5 FEEZAld 3% p,
g AdstA gk, 9714, BEFAF nol FUHEY WA, ZEAASF q,L F
7vatA Hed 9o Ao A% & 2FddteE & AEFL FUISA Ha, NF
A a, # ng A8, prE ANSA "o
2.8 £
A MEANA AFF PHS ZAUAGY 2RY] AT infested rateE 71A 1L
AehE 7HRANA 28 Aotk oAl TEA, Al A" A EC] YAF H
&, pr2 ZEIAATE FBAA prts FAT Aotk a3y, AAR FEE
o A5 U= A FFFAL UF, 25, F4, AYF F7], JIFHEA)
el £33 92 5o 2L 9FL w1 J3 (Davis and Pedigo, 1989; Taylor,
1974) wetA, F dx m, £ A5 AEE, pr, T olHT JPHS B2
¥ Fcovariate)l FFE T3 Utk AL A FE2E F 9L Aolth

olZ| g WiHoR HIZd FALZIFE o3 THFY HFWE Count Data
of 83l 97 (Park and Cho, 2002) 7} o] FoX 31 Y1, £ AFE o] Aagd
TE Binomial Data o H-&A71= QAN 2z Jo. FRNL=HS
(Quasilikelihood)= Wedderburn (1974)e] 9j38] A& 478 FAWHPo2A A&
A7b ¢ 2w BES 9 RIAE, 1 BEAY PEAR 24 = 1#, 23
ERES] AR e s R4E FASE WYl Park® Cho: Count A& olA]
£4te] power of the mean #4238 E 714 E FejdlA £AFRIHS A &R
=3

o] =AM, olgAFEANAM JEA 2B WEL FLY § JEAE A4HR
=3

oA, x;& FWE HEgn 3, pE oo wE 24EE Fdu sMgER
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Var(p,-)=pl-(1—pi)

I zelE Holx A" p<l/R WY E SAHoE UXeE q, b #
7H # dde 7HEE 8 5 U wEgA, #3A
T8 F, FARA cv # i,

tile

—{o
n?,i',
al
|
L
oo
_?L
2
R

[wpy
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-—

_Vala/n)n
- a./n

o

o] &34,

log (cv? Za

loga,= b2 b 2 logn

@++= sequential sampling® stop-line ©] Y o.A #r}.
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3. 2 19

ol AtE AR S ETdSFE T g b9 AL Carroll 7 Ruppert (198),
Carroll, Ruppert, hw -1 Stefanski (1996) 1 A At
quasilikelihood/pseudolikelihood ¥¥ &£ Quasilikelihood and Variance Function
Modeling ©ol&gtx 42+ W& FHs)

o]Z 98, count data oA Park®} Cho (2002) & ¥ 709 proc genmod (SAS
Institute) & iterative 3tAl FAFAITIHA & A<tste HE At Yok o
AFANME 2L dnHEFE AHESHEA, HAagsE 2085 giil 2ATFE o
AsteE AL AL

thA] D3]], mean 5ol it

proc genmod data=work:

class <<covariates> ;

make ‘obstat’ out=Ai

make ‘parmest’ out=meanests:
aal=_mean_: aaZ=_resp_;

variance var=&a*(aal**(&b))

mode! y=<<covariates> / link=logit:
run;

S 8813, variance $H<Roll o8,
proc genmod data=work:
make ‘obstats’ out=C:
make ‘parmest’ out=varests:

model rsqure=pred /dist=gamma link=log obstats:
run;

& A8&3t, mean F59] deviance 7} converge & wWj7}x] 8 A 71
3.4 &

AFAA ARAA AEH €H EREAY Aeo =

i

#9REL 9B
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# pr2 ARsgEd, AA AFBIN2P AgHE &
7 1.

w &
2
oft
N

uzt ZEEgE] Wel tEve el AZHIUT. o AT HAAE T

28 /AL €23 ZEXAIE AR LR YT £ e PTHE 44 HRen,
ole FA x4 HddHd FAY EPIE T THFY ARE FHHIA
AFEF O ZN o]Fo] FH}, olg L AFE CPYRERE T AF @Y £4F
2 iR ALE e Aeolty. Y, ekl infested rate 7 1/2& ZH& &
deie] ZEEV AAS A (HFEEY A5, olv Ao e JeEHEn 9A
Azt &9 F@ASFE WS B2 B9 o] wye E84L A "o

A Aoz oAAL
Aau B3

[1] Bliss, C.I. and Fisher, R.A. (1953) "Fitting the negative binomial distribution
to biological data”, Biometrics, 9, 176.

[2]1 Carroll, R.J. and Ruppert, D. (1988) "Transformation and Weighting in
Regression”, Chapman and Hall, London.

3] Carroll, R.J., Ruppert, D. and Stefanski, L.A. (1995) "Measurement Error in
Nonlinear Models”, Chapman & Hall, London.
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Microarray 2 @A Fog dd S Bl
AR gAY oo

A o 40

£ ¢F : Microarray A8 43 Hgoz AdAdd g FAF 244
& f@Ale]l nzFH vk 53 EAZcR §osiA LEE HIAS LEIAE BA
L NzHolAA J1F F83F Ao B EAUYE 77 A"z I agn
high-throughput AA84FE 9] E8AE B8 microarray 284 3¢ B4 e
=837 1% A9 EF3 (normalization) 7% #93] APH3 Yok B dF
= frelstA 2Ed FAA By F b 49 AMEHT lE SAME microarray
Az BEAAA L BAEr] 918 normalization #FA37¢ FAESE AW Rt o}&¥
false positive rate ZHe HAH3E F73 5= SAMYA false negative rateS H4
st wete AAstg .

1.A &

cDAN microarray & ©]-43% f-AAEY 7|5dTE AEHE 2F HolHe &
AFAd e == EFsta FHLE FE3] Frtstn ok FuUldE B
713 AgAeA 10K F& 2 9449 clone®] A ¥ human chip 52 Ao
T glom © volrp 3] ol wtEAY] AAHIL vt o9 Fo] o
Fol volgrt &N Fo3tA LHE (significantly expressed) FHA L&
< A% #eH BEMugol de RFHAEH, 23 WHE F st sz
SAM (Significant Analysis of Microarray)®]t}.

SAME Tusher et al. (2001)e] 2l3] :<t=o] Microsoft Excelol 4] A EHE =
2335 /4 BRI A MARLZ AHEHT vk, SAMo] UFsE olf=
AbEet7] 43 A8 FFo we AdEFHE g JHo Ags BAYE £ 9
e ZAH, 2893 SAME AFFHo=® 3:etg Stanford W EAS aF
Tibshirani7} Pat Brown 5 2843 FE5ATE A5ty o= A4 g
oltt. Fuldlx 2001d HHE 20023 Zo] AT AVEI] ARt @A
g dPAsel A4sn gk 2 SAME &0l AR EEH J5e
AFex gong B AHEAESL HRE Terry Speed?] &dol= dHoly EF

D #s9Fojgzta Adanstd AugA e
o] =& 20029 E #FoFoloistn A TH Ao st o] FoiH g
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3 Uy A8 F SAM RS AL 4ok orlA Fo e BEsel 44
were] meh SAMSl A3 @2hd & Qoke Aol

B =RoAxE SAM#A data pre-processing HAHQ Egol=

xE3
(between-slide-normalization) 32l #AE A gdolA AFEE o] &3l AT
st th. 183l false negative rate® 1#lde #9F FAAE dIFdtes WA=

L
2. SAM<] 9+

SAME #AA &gol= AEE 7|FoE 9 (permutation)d AA3Y, 7
q

sgold TAHE TAF BTFH € A8 (raw data)d A A" TAZ
Mg B3 Fod FAAE E2eE Aot A7IH £l A% FAZE F
AN 4dF gud AEZREH AgHoAdd o3 A B2y FAAH & F
Ak F, g FReA Y] BEAE Yudnt. o] HFA S} 7 AR AR
23RE Add® FAFE vusd, I 2r AAY FE& FS BolF EHo
old Ao 7hFFe FoF LHEE Y FAAR AZAde= Aot

delta value - 3

10

absarved relatve difference
o

-10
'

2 g 1. SAM 2=

<3 1>& SAM == x2 2 &g o8 FE BAFY AEE, yFS
9 Az EAZE vidy, zgm F FE sy FAAE oFlEE A i
AN YERE y=x+3, y=x, y=x-3°] HFEt. 7A cut-off AHA y=x+33
y=x-3 A7 s YA FAAES P 2o o A FL ¢ FAA LHH
o] BAL 3y AHETE FF FARelE FEh. SAME <a2F 1>9



Microarray A8 #o 282 B F14 B4yl dste 49

cut-off AHAE F 39 siFstE 29 delta & 2AHI}Y KT FHA Hy2E
2 Zz3 4, deltadl AAL SAMAA AF3d+= FDR (False Discovery Rate)
FAANE Fadly ALEAZE A9t Rl

2. Problems

3.1 £dol=2t EFES Wt

SAMS %#33d &ol= A8E BHEse EA3=Z SAM AHeAe & €
gole 2@ &gtol=37te] X F 3 (Within- and Between-Slide normalization)& 4
Agtejof deh, g9 AAE FAH4QA BES B wel SAMe] 2d3rt edd
F gt oA ¥ BES S SAMY #AE oFsta oud HFES
wgo] b HAEZ AUA Lofof gt

EASAe Speed= Yang et al (2000)2 FIH HESFFH IARFY
(nonparametric regression) 7|H& o]€39 F4 X AT F4£F FTFEI W
¢t (localized normalization method)® 289 HAQJE AEE TFFI}E
AABHTE 28} Speede] EEI HHEHL J[EFQ] HAE BEIV] 9§ AR
o AAg HAHoz HA AYe] /1AL Agsed FYIF ook . B AF
dqME o=zt EESE FHLE AT 7Y F XEE I wE SAM
o] A7t LA WIsEstE AHHE ST

3.2 False negative rateE 1L 3 cut-off AL 2] $1X

28 o] SAME] cut-off AFA9 ZA, F delta #<2 false positive rate gtoll 3
2= F4¥ FDRS #Fu=2 HA3 20 AFd4ch 28 B8 SAM
o] AMEAEL APYOZRE {Fo3A LT FAAES WAl H=s2 9
Aoltk, &, FDRY A3 Ko ¥ false negative rateE A|F 3t cut-off AF
el A7 FFE Aotk Cut-off AHde AXE 71&e x=y2FE IAA,
% delta WHE A3t2 2ASE Wt 9o FdE wWetg Folrolop & Fojr}
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3. Simulated data 4143}

4.1 &gol=7t XFE3} B

= 259 AgHA ARE YFoz X &TPol= EEH FHE Hed
Q. 2 Agdold AE sHo|=7 HEH AWWE L <EI>TH <E2>
s 2.

F 849 sdol= (7 484 wradE sdel=)e 1,000709) &
AR 748 volEZ, IMYE 43 &ol=d Fee Awve
Simulated Data-1 | & 0, 24 19 AL G5 Z2agdA BEAHJAL v
HA 5HUEEH 84 &dolE AT BT 0, ¥ 29 AWFEEE
med. 28y SHRH 839 B, vhAT 10078 FARE B
ol 32 AFEXAA FESHAG

% 8719 SeelE (47 454 WRY EelS)sh 1000749 #

A2 FHY ARE AFEEAA 2EH901, BEY FS &

gol= 5ARE gWolA mAT 10049 FHAE BT 3¢ W=

I, s BE g7 0 AFEh £4E 5 SFelEE |,
+ #dolet 28 BE

Simulated Data-2

1 AEded Az 444N

W R-1 gehol= 7t BESE AAEA gEY

<E1>9 AlEHIA REAY YHAN & F dKe] £Fgol= 1¥MEH 49, 1
g SHEE gHe 747 439 wiEdE Adgoez AHAAFE Aoltk.  Simulated
data-29] 7§, ¥EE A¥ YA E £4ite] 94AA &2 AFe 23F Aot
zk NEYolH AR LI delta & 1S ALY FA4F FHAAES =T 2
g AR <HE3ID>TH <FE4> Zr}
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Simulated Data~-1 Simulated Data-2
No. of No. No. No. of No. No.
Z & ¥ | genes out |unexpected| expected | genes out |unexpected| expected
of line genes genes of line genes genes
w1 69 9 60 38 2 36
-2 38 8 30 71 12 59
7 $-3 69 9 60 89 14 75

E 3. FA% #8274 (delta=D)

Simulated Data-1 Simulated Data-2

A9 ul¥ | False Positive Rate | False Negative Rate | False Positive Rate | False Negative Rate

W -1 15% 4.3% 5.6% 6.6%
W -2 26.7% 7.2% 20.3% 4.4%
W -3 15% 4.3% 18.7% 2.71%

# 4. EE eAuE

4.2 False negative rateE 1# 3 cut-off ALA 9 X

A71M AREE AlEH I AR 1,000/ & 42}7} R sefol=d i 4
3 HEAY Ads AT AeE, AF 800/ fAAE #HEF 0, £ 19 AT
TN AdE Aol yeiA] 20070 BE 3, B4k 19 % ﬁ%i% hate 7}
A stol M AMlEHID ARE BASAT. ol "X 200709 FAATE g F
oz FostA ¢dd 4FE MAE Aotk

SAMOIA cut-off A Hre] RAAEL FFo] 02 diREe FAAET 27
0°] obd BE& X & WEx, F o]ZA EXE WEE fiAHGE groaz 9
2H Exe AAE SAM IHE oA x=y & o UdE FEA dF3H

).

o)

EH“*SPF: ARz & = Q. o= EATS Quantile-Quantile plotd A 45
= ALY S S83 Aol

<IEE>E AlEHelH AEE SAM IHEZ2 FHI Aoz WMITHLE y=07 =

>,\!
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e g, WMZFE A ANA cut-off AHAE WIA] 7)™ false positived} false
negative rate® T3H <FE6>F #r},

upper cut-point ; 1.5 lower cut-point : 1.5

observed relative difference

-10 05 oo 05 10
oxpecled relativs difference

2 g 5 AEHA AR WF SAM IH=

Delta No. of unexpected genes | No. of genes out of line FPR FNR
1.5 0% 40% 0% 16.67%
10 0% 185% 0% 1.84%
0.75 0% 199% 0% 0.124%
0.73 1% 200% 0.5% 0.125%
0.7 1% 201% 0.498% 0%
0.6 2% 202% 0.99% 0%
04 142 214% 6.542%6 0%
0.3 31% 231% 13.42% 0%

¥ 6. Delta ¥3lo] & False Positive Rate¥} False Negative Rate

2.4 &

Edtol= 7te EF3te] A B glo] £Fol= Tt 9] XA (degree of
dispersion)7} H]$:8}H &Elo] =t scale EESE A gart gley Az
NAEE Eo} BE F9 FAAESO] cut-off AL gol $1x8A I, 8y

oo M
(]
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E‘l 439 3 FEBa & 5 9de

iy

FolEEd Uslds FUF EFIE A

o

| 22" FeE HECl ydEHo] false
negative ¥ false positive rateo] 2% & }‘3]' A "o 7P AAGE et wkE
Aol i &Etol=7t scale EFFE A Aoy AAR &eol= T
ERE7 UF Zolrt Yt EESE fa
Aol & £ Y.

Cut-off AlH9] fx& B AFdAM Agtsie W3y RIL Aad e
SAMA M= FAES Type-l &7 Fste FDRe A3 #Hol gloyt
Aol FFo] ARg FAA T AU B2 FARES HF annotationo] vt
g9 A¥ Fo] 7tsstthd false negative rate?] HA3E T oF & Aol

B AFME B EA7EC] 1YUsE 43S 4Asd 2 7HX 7lel= #<l
= 11]"]3]'93\“*} 259 AlEYA ARE B4sY 4L Zggs Ao 2
7t &€ 79 72 npr

rlr r,é

Ise positive rateE I E&A F7HAF

2

Zx 74

{11 Yang, Y. H. , Dudoit, S., Luu, P. , Speed, T. P. (2001), Normalization for
cDNA Microarray Data, SPIE BiOS, San Jose, California.
[2] Tusher, V., Tibshirani, R., Chu, G. (2001), Significance Analysis of

Microarrays applied to ionizing radiation response (2001), PNAS 98,
5116-5124.
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SHP29| FATadd] o AxX £4 oA

AA4%, Add, eFHAD

8 ¢ : cytoplasmic protein tyrosine phosphatase?! SHP2¥ growth factor®}
cytokine® T8 A% AL HAd I £ =FdAE SHP27} serumdl] 8@ 4
X 29 £3 A4 positive regulator®z Z88E 1S 2AME7] 98k dominant
negative phenotyped A% catalytically inactive SHP2 mutant® 2 SHP2¢] SH2
domaing vt LA, of B9 I} L@ C2C12¢F 293 cell®] AXE Lo 9A
= 982 ZA1EY Y. wild type SHP2, SHP2C/S, SHP24P4) It} 2#E L2 serumol
8% C2C12 B 293 celld) AXE £4E& 9AsHen, SHP2¢ SH2(N)-SH2(O),
SH2(N) ¥+ SH2(C) domain®] 1} @3 =& AX Ed& AAsIHT o188 AX
499 oAl ¥42 SH2 domain®] vl %de] MXE g 4oz a75E 4
A9 UAE squelchingdty veld Aoz F=5n, 53] integrin signaling
pathway7} SHP2-SH2 domaine] 8¢ EHo g ogich

X
e

1o o ox
ol
hs!

3= JREZHE Ay e 328 EE
A 2ddY. A X &A= receptors TE
2t 2 &te] A9 tyrosine F71E auto-phosphorylationA]#A &3 = A &
d], o] w} phosphorylation® tyrosine® src homolology region (SH2)& Ad
dillde)] i3 AFEHE AFTHA € A27KF IS AzAG Z2E 4
3}A] 7= SH2-containing protein®] growth factor receptordl] Ag3tE Ro= ut
Ftt. dE EW SH2 domaing Ad adaptor protein?! Grb2: Ras pathway
£, PLCE calcium pathway3, 283X PI3K+¥ membrane-bound lipid messenger
pathwayE B/443A17]= Aoz &34 Ul
SHP2+= 5 /M9 SH2 domaing XA tyrosine phosphatase£4], PDGF
receptor, EGF receptor, insulin receptor substrate 1 5| SH2 domaing %39
SgoHl]l d#HE SHP2w= ¥43l® platelet-derived growth factor (PDGF)
receptor?] autophosphorylation site®] a9l Tyr'™e] A¥se] PDGF receptor
o] 23t tyrosine phosphorylation®=H[2], ¢] o] SHP2¥ PDGF receptort} ©]
receptor?] substrateE-2 dephoshorylation A]# PDGF receptor 7]%°] gt
negative regulator® 25 3tAY, W& Grb2¢} %2 adaptor proteino] ©d &

rtr

A o

A 233z
2 e AExATxAE

17

ng

rlr rz K-}
mlm

) #FoFoinstm ARt AyFsy g
2 Ee @R TNGR 20024E TSEATH Aol 9 AFAHY,
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3 BoZE A Fle positive regulator® FFF Aoz FAHAL, o9 FAT
H o2 SHP2E EGF, insulin 53 2Z& t 49 growth factor®] mitogenic
signal transduction 7% 2 cytokineol 2]3 signaling pathwayell ™ positive
regulator® &% RAo=E FEHHI glow(3], A= SHP2o| dig 3 SHP2
o] GST-SH2 fusion proteing HIRcB Al ¥ microinjection WHOoE F313519
insulin, IGF-1, EGFel &3] f=HE AE o] A gl #AHUTH4]. ¢
U o] Ao SHP-24 th3 &xu SHP29] GST-SH2 fusion proteing serum
o g8 FrHe AX B2ES JAtA &urt

B =R A E SHP27} AlE 494 Q23 mitogenic signal transduction #3%
of ¥ positive regulator2 AL 7FAHALE F d AAI FAsEaAl,
dominant-negative phenotype® ZYE  catalytically inactive SHP2 mutant$!
SHP2C/S$} SHP24P, 21383 hemagglutinin (HA)EZ EA¥ HA-SH2 proteing
2Es= plasmidE A 23 em, o] E9 FHof Ldo]l serumel 9§ C2CI2
myogenic cell®} 293 celld] AZTE Y ZAd v A= TS A4

I. 294 2 24

A v &

C2C12¢} 293 AET 10% fetal bovine serum, 50 U/ml penicillin, 50 ug/ml
streptomycing X33+ Dulbecco’s modified Eagle’s medium (DMEM) uj <<l
oA 37C, 5% COz 7 3ol A v Fal .

SHP2 mutant®] A=

SHP29] d43 2l catalytic cysteined] Cysdb9E serinelE X #3}7] 9slo o}
£-9] site-directed mutagensis& 354 th. SHP2E Ad pBluescript SK (-)¢]
single-stranded, uracil-containing phagemid® E. coli strain CJ236 (dut ung )l
helper phage MCSM13& #AAA #A=3Ath SHP2¢] Cysd598 Sero & x| %
3l FAlo| Pstl restriction siteE A A 3¥ mutagenic oligonucleotides primer
(5'-GTGGTGCACTCCAGTGCTGGA-3')E8 single-stranded, uracil-containing
pBluescript SK (=) SHP2¢] anneal A7l ¥ extenddtith. ©] double-stranded
mismatch plasmidE E. coliol transformAl?] mutated plasmidE A1t H oM,
mutated plasmid¥ restriction® DNA sequence analysis& <33 #1314t

SHP29] phosphatase domain®] ©3dF 93 nucleotide in-frame deletion %=+
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PCR-generated overlap extension W o2 F83H )

primer 5'-GATGCTCTCAAGCTTATGGT-3'# 5-GTGATTGATAAGCTTA
TTGACA-3'E A}-83te N-terminal®} C-terminal fragmentE PCR WHOoZ F
Z3 & PCR-AAY ANES HindllI$ EcoRIS.E H@3 9 pcDNA3°| three-way
ligation W o2 Adsut.

SHP2¢] HA-tagged SH2(N), SH2(N)-SH2(C), SH2(C)E& A=x37] st
SHP2] SH2(N), SH2(N)-SH2(C), SH2(C) domain€  primer  set
5 -AACATGAATTCGGGAGATGGTT-3"/ 5 -CTGCACAGTCTAGAGGATATTT-3,

5 -AACATGAATTCGGGAGATGGTT-3'/ 5 ~-GCTTAGTTCTAGACTCTGCTTT-3',
5-ATGGAGATATCATTGGCTTAAAT-3/ 5-GCTTAGTTCTAGACTCTGCTTT-3'
2 Ztz} Ag3lel PCR "oz FE3 ¥, PCR-AA4 AEE SH2N
SH2(N)-SH2(C) fragment®] 73 $-olt EcoRIZ Xbal®. 2, SH2(C) fragment®] 73
$o= EcoRVSt Xball.2 Awdle] pcDNA3-HAlCl Aol

transfection proliferation assay

cell transfection< =#|ZAl (GIBCO-BRL)Y Al&%ol wet LipofectAMINE
reagentE® Abg3le] 3Pl transfection ¥ 24A17Fe] ZA 3k F BrdUrdg
#7bste] 18417+ o widstgoh. BrdUrd2 EX® M E$} transfection® AEE
indirect-immunofluorescence analysisE 33t A TH5]. st BrdUrdol
g g4 dAs AsMe veH 22 1A I chromosomal DNAS
denaturation 3L AZ F £PFsHt. AEE PBSE A W HL& F 70%
ethanol2 10%37F nAsIHETH PBSel 587 5 ¥ €7} rehydration A7) th&,
0.1% Triton X-100& X %3 PBSE A ¥E permeabilization 3%t 2N HCIZ
10% A d3l9 chromosomal DNAE denaturation A]7]3 0.IM sodium borate
(pH 85)2 1087t 39 neutralization A Zt}.

m. 43 2 »3&

SHP2:= target ©¥W Ao SH2 domaing AHgstd ZAZE & tyrosine
phosphatase® #5322, #4o] AAH mutantE endogenous wild type SHP2
o] th3$ dominant negative phenotype® oA ®r} FAL 4& SHP2 mutant
g A|Z37] 9439 tyrosine phaphatase Ao W3 o2 QFHE Cysdros
Sere.2 &% SHP2C/S mutant®} phosphatase domain®l 317} amino acid& 2
& A7l SHP24PE AZ3¥TH(Fig. 1A). AA A2 mutante] 2@ 435 &
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1&8t7] 95k}, plasmid construct® C2C12 A X  transfection* A
immunoblotting analysis® <3838l tHFig. 1B). transfection ¥ 48A]7tol = wild
typed SHP2C/Se] ¢@& 70 kDa @¥de] F712, 183 SHP24PY ¥
endogenous wild type SHP2 Bt} =7)7} & duizel @gdo= AU
a#g ¢4 wro 2 subculture FAE AR transfection F 9641l & wild type
SHP2, SHP2C/S, Z.8la SHP24P¢ w@do] #&=A et o] A3+ wild
type SHP2, SHP2C/S, =& SHP24P9 it} @do] AX £4& JAAY A
¥ AEL #FAANE /HeAE A EER, e YUSLE wild type SHPZ
SHP2C/S, ®& SHP24P9 It} Zdo] DNA #48d vixs F%FE BrdUrd
labeling & 433l Z A3 o

proliferating C2C12 Al £ & wild type SHP2, SHP2C/S, =+ SHP24P plasmid
2 7}Z+ transfection A7 ThE, 24X ko] BB Al7te] BrdUrdE #i g A7t
gt o] F 18 A B F/IE wFe F transfection F= anti-SHP2
antibody & AF&3ted, 283 BrdUrd?] DNA 44 %< anti-BrdU antibody&
Apgdted AL AT (Fig. 2). 24X 78 A B4 FU1E #E C2C12 A2 7
£ 18X B¢t BrdUrd &4 st wigstd £Estes AXE A 2] 100% BrdUrd
o os BEAET AT Zo] A9 EE MEZ anti-BrdU antibodyell ¢l3f
AEgdh. 28U anti-SHP2 antibody2 7Z8Al §4=E SHP2E #o 2¥se
transfection® A ¥ anti-BrdU antibodyel <& A& #3E & JUTH
olg]3t #Ae wild type SHP2, SHP2C/S, £ SHP24PE FHohegd Az 2+
A GAFEA dolytth. o] AIE SHP29 phosphatase E47E A& {0l
SHP2¢] FHirde] DNA AL JATE gvdd. o]
microinjection WY o2 FY@ SHP2e| didt A} SHP2¢ GST-SHZ fusion
proteine insulin, IGF-1, EGFl 2|3 # %5+ DNA #§42 JAstR2Y serum
o] 23 DNA §X & AR Rate Aoz HAHATH4 w&tA serume] 9
stel ZAHE C2C12 A¥e DNA #Ael wild type SHP2, SHP2C/S, Ex
SHP24P2] It} #de] o) dAEE 2 ZHE o ol & = 3d. &
3] dominant-negative phenotype®] 45 SHP2C/S$} SHP24P ¥ ofye}
wild type SHP2E fAME oA 78 RYog, o AdE 5A F& ojde=
ZAs= SHP29 SH2 domaino] A E o HFHo=2 Q7HE factorE
squelching@ 7} S F58A o

o] 7t5AL A7) 95te] SHP2¢ SH2 domain$®e ##3tE plasmidE Al
z3to], SHP2-SH2 domain®] FHtido] AxE g wXe 4FE AR
SHP2: N-terminal 202 5 719 SH2 domaing Adth uwelrs HAZ EAE

2
(5
-
=2
R
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HA-SH2(N), HA-SH2(N)-SH2(C), HA-SH2(C)& Ztz} 23 3slE plasmidg A=
9909, o] plasmidE 293 cellol transfection Al#A I dE =3 H(Fig.
3A). HA-SH2(N), HA-SH2(N)-SH2(C), HA-SH2(C)9] ¥8< anti-HA
antibody & AH& 3 immunoblotting analysis& 4338l 27} o4 =+ 11 kDa, 25
kDa, 15kDa =7]¢} wwizdo] wHEPE FAFHAR(Fig. 3B). gog
HA-SH2(N), HA-SH2(N)-SH2(C), HA-SH2(C)9] FHuh@r@e] 293 Ax e AEE
go] wxE 9L anti-HA antibody® AHE¥  indirect-immunofluorescence
analysis& 88 ZAIYS. Al 7FA fragment ZtZhe] 7 $-o A transfection
T 24N E BlA L Y AEZI BEEHIJ oY, 4BAEF AR AT
o] AFste] uwet @A L W AEI FAGAT ES o] B LHEGE
plasmidE transfection A7) 7% cell viability7} Z A #& ]-9&2@, E3] SH2(C)
domaing Ad HA-SH2(N)-SH2(C)$} HA-SH2(C)¢] 74 $-l+ SH2(N) domain
ghe Ad HA-SH2(N) Bt} cell viability®] #47F WJ }711 vebsttH(Fig. 30).
o] ZdilE SHP29 SH2 domain® Hridde] AE EEd FFHe=2 8TFHE
AFAYG AAE squelching® 7FsAE& AXEFT.  =E3 SH2(C) domain©]
SH2(N) domain®l| Bl 3}e] squelching @4 o] Rt} a3 Ho=E 283 Ao d
4Ed F Uk

B =82 SHP2¢ SH2 domaino] #clt #dE S, AX g3 Ax AL
AR ES 2Ptk 53] wild type SHP2E Fo} HHAZ A% FAE 77t
2 E Ao Hol, SH2 domaine IFhLdd o oA &= SHP2Y
phosphatase activity®}e= S#HA o2 Jeg AeZ Hr  SHP2& PDGF
receptor, EGF receptor, insulin receptor substrate 1 %, ©W¥3% growth factor
receptordl] 23l AE EYE fX3E A3 AL A positive regulatorZ 2}
=3}, wela SHP2¢9 SH2 domainsdl —434 squelching &3+ ©]2] 3 growth
factor receptordl] ©idte] F&dvtn ¢4 FE5F + Uk, AAE GST-SH2
fusion protein®] microinjectiono] 2% /‘1]2 U $£U2 insulin, IGF-1, EGF 9
& AE 2d 23 zHE dAsts Az BnEYu4]. o GST-SH2

J
ft

fusion protein® serumol 2% ME R € X adE= JAGFA Eote A2 H
nERoY B =EdAe serumd] &3 AE £E & &3 3 SHP2 HA
duld = SHP29 SH2 domaing o} @&

=

o dAEE THIAL 9
He AEd Ao EYX9 HAdL A FFE] ¢ 5 oy, otvix FHAo wH
Azl FH zold) 7A¥ Aoz F5E & JUth

SHP2 mutant fibroblast® cell migration® spreadingell £A4F& Hold, focal

adhesion®] 7} F718A FuH6]l. ©] A§ Src family PTK® integrin-induced
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activation, ¥¥] %9 focal adhesion protein® tyrosyl phosphorylation, MAPK
activationol ©igk A dAdo] HAlel yebdd{7]. w&bA SHP2E integrin
signaling @-golA Z7)el positive regulator® ZEE st Ao)l AT
SHP2% PDGF$ Heregulin®} Z-& growth factortt Eph family$} ephrin 2 %)
]3] Fr ==+ cell migration @734 F23F positive regulator® ¥3 % TH8, 9].
ECMel gt Ade] els] RuUX]& focal adhesion site® 53 A3 AgLe

growth factore] 93] f+E¥HE AX 9 migration B9 o} AX BFL =23
7l 98 T8 AA Zdd gt wEbx] SHP29] SH2 domainel & &

¢

squelching &3+ focal adhesion site® 3 A& A HAdA FF5E 7154
T 488 & . B =8oA A3 SH2 domains HARZ EAHO ooz
go 2 HAY digt 33AE AL3 immunoprecipitation analysis® 433t SH2
domain®ll Z %3t phosphotyrosyl proteing BAICHHE AX 24 A @
¥ SHP29] g H9& 798 & & Aoz 7ddr.
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AAF-AaA-28

A
SH2(N)  SH2(C) PTP
SHP2WT VHCSAG —
SHP2C/S VHSSAG —
SHP2AP
B8

48 hr 96 hr

. SHP2

SHP2AP

Figure 1. Schematic representation of wild type and mutant SHP2 and their
expression in C2C12 cells using transient transfection. (A) SH2(N), N-terminal SH2
domain; SH2(C), C-terminal SH2 domain; SHP2C/S, cystein-to serine point
mutation at amino acid 459 within the conserved catalytic motif (VHCSAG); SHP2
4P, internal 31-amino acid deletion encompassing the conserved catalytic motif
within the PTP domain of SHP2. (C) The constructs were transfected into C2C12
cells using LipofecAMINE. The cell lysates were prepared at indicated time after
transfection, separated by SDS-PAGE, and followed by immunoblotting with
anti-SHP2 antibody. Lanes 1 and 5, vector only; lanes 2 and 6, wild type SHP2;
lanes 3 and 7, SHP2C/S; lanes 3 and 8, SHP24P.



SHP2¢] Hridde] olg Ax £4 A4

WB8: aSHP2 aBrdUrd

Figure 2. Effects of SHP2 transfection into C2C12 cells on cell proliferation by
BrdUrd staining. C2C12 cells were transfected with wild type and mutant SHPZs.
At 24 hr after transfection, the cells were transferred into the medium containing
BrdUrd and further cultivated for 18 hrs. The cells were prepared for double
immunofluoresecence microscopy. Transfected C2C12 cells were identified with an
anti-SHP2 antibody, and BrdUrd-positive cells were identified with an anti-BrdUrd
antibody.
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AAG-dd3-48T

A SH2(N) SH2(C) PTP
SHP2WT
HA-SH2(N)
HA-SH2(C)
HA-SH2(N)-SH2(C)
B C
1 2 3 4
- - M SHP2 viability
o s s HA-SH2(N}-SH2(C) -

n HA-SH2(C) -
* < HA-SH2(N}-SH2(C)

HA-SH2(N) -
% < HA-SH2(C)

“ & HA-SH2(N)

Figure 3. Effects of SHP2-SH2 domains on cell viability of 293 cells. (A)
Schematic representations of HA-tagged SHP2-SH2 domains. (B) Expression of the
HA-tagged SHP2-SH2 domains in 293 cells. After transfection, cell lysates were
analyzed by immunoblotting analysis using anti-HA antibody. Lane 1, no
transfection; lane 2, HA-SH2(N); lane 3, HA-SH2(N)-SH2(C), lane 4, HA-SH2(C).
(C) Effects of the overexpression of SHP2-SH2 domains on cell viability of 293
cells. After transfection, the cells expressing HA-tagged SHP2-SH2 domains were
followed by immunofluoresence microscopy using anti-HA antibody. The survival
of the cells expressing HA~tagged SHP2-SH2 domains were counted. Viability --,

very low; -, low.
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vl A olv] =42 Suppressor tRNA9] A3 = ARS
g8 938 Positive Selection System?] 72

2 9 : Orthogonal suppressor tRNA$} aminoacyl-tRNA synthetase(ARS) %42 H]
HE olvlxit-g g EAYR A 4gste $He MRS fgte 4593 Yk
dAwolE #2g ARS library25E suppressor tRNAO] H AN oS A s
= $Ax AYPP ARSE P87 9% screening systemE AZEr] 9lslq 8
-lactamase §AA Y Phe?l, Glubl, 283 Hisl56 codong = % FEEHA
amber codon® # site-directed mutagenesis %t} Amber mutation ® 3
-lactamase gene® supEE 71A 1 ¥ DH5aF'# 71X YA ¢¥-& DHIOBS Zz
PR RS T ampicilling EFE WX oA wiFEt colonys] AL vlwstgth 2
Z3 DH5aF )Mt B -lactamase’} @ Ho] ME7F Aston] DHI0B| A& colony
7F A=A &sktl. £ -lactamases] 4 ¥ amber codon®l 7} Foldel w& DHS
eFIAE HAEHE colonyd F7F £321, 3719l amber codon®] 4YHIE B¢
£ colony7t Vet A] @oktt. olejdt AdE B -lactamase®) amber mutant?t B]H A
o}u) ;2 AL-8 suppressor tRNAYl Z§8E mutant ARSE @& =d #8314 A&
F J&E BRojFa g
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EAd wetxd dld uRE, &5 EEAA, #F labeling, cross-linking, 5 Ul
2 TgF BEopolA F8E 4 e HoA AdHYU A E ws aga & &
AT},

HHA olmx=2e dWlde] EAYR 49 s+s (Site-specific Incorporation
of Artificial Amino acid, SSIAA) 7]€2 4 HIWEE o] &8d AEFHJU
4 g astn AFEAQ WHez dwag FgEgHoz FAsE TS
solid-phase peptide synthesis #A oA v]HA ol eits EAH X4 setxon
AgAIE Wl Aok AT o] WYE AdwkH o Z 10071 °]ste] ofm:Ait T
NZ o]FR dl el Aitwt 84E ¢ glte dde] k. ® & wyo
EM in vitro translation system& ©|&3}& HWgo] /LA  amber stop
codong X 4 Q& suppressor tRNAS] Bl HA ojv|x=itg dstydoz AY
A7 & ol in vitro translation systemol amber codon® 41§ mRNAS #
A Hrbs FoEA 7|4 g w¥lde EAYA Y HjHA ofviito]
AAEEE g dhgoln. HIE o] Wo] 100 7 o] e] ofm =il AR o] F
o wiide] AIAHAE E8&E F Ude HdA FE8H FAde] A AT
g44& FEE £ o translation FF AN AR E HHA olmslo] AF
¥ suppressor tRNA7Z} AAEHA gGeths HoA Axrd df @] ofo] g A
s vteE ddE MR Aok (D). H2E in vitro SSIAA 71€$ in vivo
M &&3E In vivo SSIAA 7l el AxHI Yvh AEUHAA
suppressor tRNAE T @A7IZ o7]d BlHA ov=2bE AFAZE & Ae 73
A HEE ARSE UEY o] EL AT UdA ZHANFALEZN ANEA TEARAE
g A ] coding sequence o QU¢FH o g AQISE amber stop codond Ao H
A ofvlitel HIMHEE st ATH2-6). In vivo SSIAA 71&9) ALHA
g o2 1) AT endogenous ARSY ¢34 2= R ¥+ orthogonal
suppressor tRNAS 2T ¢ endogenous tRNAE ¢4 3A ¢+ ARS pairg A
A3t 2) AR Y ARSE mutagenesis ¥F iii) mutant ARS library2 %€ H]HA
o}n| = A& suppressor tRNAY] Z33= ARSE AT 2ZHN o]Fojxch, we
A o] 71&e AL A= ARS screening systemo] Dol o] =F A
= HHA oluxAtS AFgstE ARSE library2HE AWEd7] YF positive
selection system NS B sz o

Positive selection system& @A A ampicillindl A3 A &= TEM-1 8
-lactamase®& encoding 3t A A}o] amber stop codong AYFOEMN olE 7}
A Aol uHAQA ofv:ate] EolE iR oA amber suppressiono] ¥l
A% A5, dojuRA €€ AsE A Fo=2M 8P A obrwAbE suppressor

fo 2



HdA oful:itS Suppressor tRNAS] ZA# s ARS ¥4¢& 9§ Positive Selection System®] A% 67

tRNA Z2FE F J& F3x Agd ARSE AEE & AA 3t Aok, o]
£ 93t TEM-1 B-lactamase #ZAAF9] Phe2l, Glu6l, 2831 Hisl568 coding
e d7IMEe @5 £ FEA 22 amber mutation A UF o]E9 EAL =

AFshSi T
O 48 Als € Uy

a5, g 24, 2 plasmids

2 =EdA AHEE #5F % plasmidsE table 10] &=l gt e wok
< {13ted LB W7t o] & o, e wikA 1004 g/mle ampicilin & 20
rg/ml kanamycing wjAo] Frlstdok. wlFLEE 37 T oin, ZgujdA 200
- 250 rpmE AHE-EkT.

Site—directed mutagenesis

dut (dUTPase), ung (uracil-N-glycosylase) strain?l RZ1032& 0.1M CaCl,&
©] 83ty competent cell2 TE F 7)o pGEM T-easy vectorE
transformationA| Ztt.  ©]& LB brothdl A 3F w%ed 3, A AQGEFs9
ODexoll A 0.10] 2 wj74x] wjk3slslch. Helper phage?! M13K07< 1x10" pfuw/ 5
x10° cells9] titer2 WOlFI 6 A7t wWjRFF & JA s FSoe Ha g}
20% PEG, 25M NaCl& o5 0TColA 1247 A3 4,000 xgollA 94 2
2§ttt pelletS TE buffer, pH7.601 Iola QAE sl A5 AL phenol®
extractiondt At} 5 H& 100% ethanol®} 0.3M sodium acetate® ©]&3] A A
% 70% ethanolZ washing 3ttt Pellete] vl2EE A0 Ftirsl TE
buffer® ¢ H, Sephadex-25 spun column chromatography & uracil-containing
single-stranded DNAE £ 34 th

TEM-1 A-lactamase (bla) gene®l Phe2l, Glu6l, =¥ i Hisl56<  amber
codon®.& 2| &3t7] Y3t ALEE primersE figure 191 YeY 9tk primerse]
5'-OHE <I48tA17171 9138] 200pmole primers] T4 polynucleotide kinase buffer,
10mM ATP, T4 polynuclectide kinase& H7}ste] 37CAA & AZE FF ¥HEA
ZAth. 10pmole®] <14t8tE primer$} 0.5pmole®] uracil-containing single-stranded
DNAZE PE buffer(20mM Tris-Cl, pH7.5, 10mM MgClz, 50mM NaCl, 10mM
DTDAAN 2EE 60CAA 30C7AA HAA35 28|W primerE annealingA] Z t}.
o 7]e] 10mM dNTPs mixture, T4 DNA ligase, T4 DNA polymerase® 3 7}3}o
Z+zy 0CoA 58, F&olA 5%, 37TolA 24z E<¢t wEAA  primers
extension$ ¥, DH5ae F'o] transformation3Qth. bla gened] EdWHol2 #els}
7] #18ted Aoz clones® dideoxynucleotide chain termination e <] a)A



,.
2

68 34343

ot
I"O
g_l;
38

sequencingg 33t ¥s ™ codon®] amber codono.E X %dH AL

=

Kanamycin A&4 4284 (Km®) ¢ cloning

pGEM Teasy vector?] bla gene®] amber mutation®el Wt MEE selection
marker® 27 9349 Km" §2AAE 4189k, pUT vector? Km" 825
Not 102 ZAHAFE 2L AFTE A siteE ©]83+ pGEM Teasy vectord] 4138}
Att. DHS5aF'o) transformation 3%, 20 pg/ml9 kanamycin ¥jX]e] =434
positive cloneg ARt Km® #3149 49e #493t7] 918t positive clonel.
232E plasmidE £23<9 Hind III/Nco I £4Hd o]&3te ¢F 1 kb insert
fragment 2] EAE Q1A

B -lactamase amber mutants®] @A A F L amber suppression #F

B -lactamase amber mutant7} @A WG HAA N suppressiondl) oA T
#ho) wel ampicilline] £3dE wlgmiRgA AXSL AAeAE QA7 A5d
mutant bla gene®] E9°]1+= expression vectorsE amber suppression #& 7}
2 strain®! DHSeFd 282 ¢-& DHIOBY Ztz} 50ng&  transformationd} <
LB/ampicilin® LB/Km agar plated] =283 37 C sig7lolA 3F wjgss
colony®] ¥3& #&3t4H

Table 1. Bacterial strains and plasmids used in this study

Strains/Plasmids Genotype/ Characteristic Source

E.coli strains

DH5aF' F', ©80d/acZAM15, recAt, endA1, gyrA98, thi-1, hsd R17(rk-, mk+), Gibco BRL
SupE4d4, reiA1, deoR, A(lacZYA-argF)U16

DH10B F-, merA, A(mrr-hsdRMS-mcerBC), ©80d lacZAM15, AlacX74, deoR, Gibco BRL
recA1, endA1, araD139, A(ara, leu)7697, galU, ga/K, A-rpst., nupG

Cj236 F, dut-, ung, thi-1,retA1, spoT1, mcrA

Plasmid

pGEM T-easy APR, T7P, f1 origin Promega

Phage

M13K07(helper phage) Mutated gene Il and onigin of replication, KmR Gibro BRL
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Phe2l aaa
Primer 1 5/-g cgt ttc tgg gtg agc gta aac agg aag gc-3' (30mer)
Glu6l ttc
Primer 2 5/~gg aaa acg ttc c_tt atc ccc cat gtt gtg c-3’ (30mer)
Hisl56 atg
Primer 3 5/-g gcg agt tac é atc ccc cat gtt gtg c=3’ (29mer)

Fig. 1. Sequences of primers that are used for site-directed mutagenesis of TEM-1
B-lactamase.

m. 23 ¢ 313

B -lactamase A A 2 site-directed amber mutation

B -lactamase¥ penicilline] Y} ampicillin® #& 34 Ale] p-lactam ring?
amide bondE HIFoZHN FAAY BAHELE HASNE FE4EA plasmide
selection markerZ d¥ AMEHI 3tk AFAA g FH9 B -lactamase
AR} GFS ATFFdA SAFHJLH, o]59 AAFFE HAE FAS 33 F
ZE /I3 e AeE vyt (7-9). E3 BT class A B -lactamase
¢l TEM-1 B -lactamaseT plasmidell d& &A3lx goy, A TEE F <
A Qs By olygE, B4 40 FFE HX = ofu|kAt 29 YA dig 4
T7F W & Hodoh (10). wEA olgd AFAEE EUE, & onwite
2 AZRHUE BN E 4 A 9F S FA gon, @A 33 Fxe g
o $1X3E o4t F7]E AASS amber codono.E X &FdHTE I ol fE
$27F ©rE 34 3t positive selection systemE o] &3t v]H A olm=Ahg 4
date FAA PP ARSE AEE u, amber suppressionc] ¢J#jx HHA o}
Ate]l amber codon®] YA HAUHUBE S-lactamase] FA FAo] )
ofof sttt HoA @lldel g4 Ao 9FL FA YE olnjxit
gatejop gty F A olgE s AYsnA stE HHA ofn =
Hog galgdAo] HL 2449 side chaing 7IXxz Q7| BEth= Fst
g 2 1449 side chaing 7R 1 Y& RolgtE dAtdA guld 33 F=
of ®EW HEYd A= olvx=d HJIE NCBI (National Center for
Biotechnology Information, USA)2] MMDB (Molecular Modeling DataBsae)& ©|
|5t ddstHrt. olFEA HYH ol A7) Phe2l, Glubl, =28 3 Hisl56
ojt}.
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AEd ofn x4t Z71¢] codong amber codon®® X &3] Y&ted figure 10
Yeld AFY  Zo] primerE AFsPon, o] o]8sle]  site-directed
mutagenesis® T3P0, A7IME EHE 539 amber codono. 29 X3
A3t (data not shown). pGEM Teasy vector®] A -lactamase -&Ax=}7}
amber mutant® X g @& mutant plasmidE F2 HAFAAE o), plasmide]
55 A7) $8t9 AE$ selection marker’t A ¥e] wel kanamycin A
T4 F34x% (KmR)& pGEM Teasy vectordl Not I siteg o] €3t cloning3t%
th.  positive clone®. Z5¥ plasmidE #T3Y insert® 13 A3 AP |
kb 2719 insert7l H9HATS ¢ + AJT (Fig. 2).

@=Hind3/Ncot

Fig. 2. Restriction digestion to confirm cloning
of KmP gene. lane 1, Phage A EcoRl/Hind3 marker;
lane 2, pBla#21; lane 3, pBla#61; lane4, pBla#156

B -lactamase fA A9 amber suppression

%A A ZE amber mutation® bla FARVF ©¥d WARA Fo] amber
suppression ¥} B -lactamase?} Y@@l whel A Eo AE oW JFS 7
AAE7tE Yoliy] $3te] expression vectorel] cloning ¥ S -lactamase amber
mutants® amber suppression FEE 7} straingl E  coli DH5aF'F
suppression 3] ¢l DHIOBY 22 <9 plasmid DNAE transformation A
2%, kanamycin =¥ ampicillin® ¥£%3l& LB plated] =%&o] colony A E
Al st BTl (Table 2). = A, supE strain ¢ DHSaF'elME= 8
-lactamase amber mutants& ¥ &3}E vectorsE transformation A|AFI L o
kanamycin H{ Aol A #E¥E olvel, ampicillin MAIANME  colony’t YEF O,
amber suppression F#o] §1 DHI0BY A+ suppression®] E 8 §l¥ kanamycin
]z A= colony7t BASHNA T, suppression®] "L 3 ampicillin ¥} o A =
qAeA &Pk, E3F amber suppression THE 71F DHSaF' oA amber
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suppression®] E&& ##37] #4389 kanamycin ¥R ¢} ampicillin Wi 2] oA A
¥ colony®] & ¥l2d A}, B-lactamased] AYE amber codong F7+ F
1&gl wel AAAET colony® F7F ZAdE AL #FE 4 JYT. ©@d
amber codon® 7FHS 7% 68 - 89 %2 suppression E& L Hgoed, 2719
amber codon®. 29} A &o] 918 H$ 12 - 49 %9 suppression B&E, 281 3
7hel amber codon®] A& AL colony7t AAHHA Lt ol &AM L7t
B -galactosidase amber mutants& ©]83td RT3 DH5aF'olA<9 amber
suppression &3 FAS AFAE RHolm Qv (11). ol ¥ HAAEL amber
suppression 5l w&A ampicillin B XA dZE9] colony Aol ZAHG
= AJA $-87F 5333 positive selection systemz22] #FLo] 715FTE =
QF3 k. EZ f-lactamase F A Ao amber codon®] N7t T we)
B =€ colony 71 ZAseE AE & W, amber codond] & WA A u}
B4 & ZX9 stringencyZ amber suppression® HAE £ YL Ao oA}
A=y

Table 2. Suppression efficiency of amber mutant
B-lactamasein E. coli strains DH&F and DH10B

LB/Km plate® L|.B/AP plate Suppression eff.c (%)

SaF’ 10B 5aF’ 10B SaF’ 10B

WT(control)® 0 0 433 157

Phe21 157 42 141 0 89 0
Glué1 184 52 125 0 68 0
His156 240 185 214 0 89 0
#21,61 284 102 94 0 33 0
#21,156 347 112 171 0 49 0
#61,156 354 148 45 0 12 0
#21,61,156 243 159 0 0 0 0

2 Number of colonies on LB/Km and LB/AP plates after spreading 50u
of 1/10-diluted transformants

b WT(control) ; original pPGEM Teasy vector without having KmR gene

¢ Suppression efficiency was calculated by dividing numbers of cdonies
from AP plates with those from Km plates.
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Z59A AAde A lactoferring)

229 o8 o8 Futold 2y AT
o] & v

8 9% : A} lactoferrine] ©HF ¥ ZAA HAY AR lactoferring A7) H 3
o, %ole ABnEIYIHY FHor HAY AY lactoferring BT F, o]& 9
23t J9 lactoferrin® Vero cell] thd EMCV ule]2)&¢] cytophatic effect A 5l
Arz delygitl ZAx Ao ALY lactoferrin® EMCV ulol} 9] cytophatic
effect® AP, o8 lactoferrin® Futol#A£H4L EMCV  nvio]g|z )
adsorption®]l 8% cell membrane receptor$t lactoferrin®] AFol & nlolgx
attachment A3 7128 ol 44T ¢ Uth

L4 &

T

Human lactoferrin(hLf) transferrin®] & iron¥ A%3te 7 @¥de dFo
2 A, lactotransferrine} g% ¥},

F2 2HY 9%, A, ¥E, HYEYEF polymorpho-nuclear leucocytess]
secondary granulesE ol £A38 =4, 19393 Peter Sorenson®l 23] A& WAHA
or z7|dE ¢ ‘red protein' .2 HHIANNT9). Az Liv 429 FF
ozHE AA, FAHHNAL F FHY 44, E7, A, AE § A9 EREFEY FF
NM= £, FA=HJ
hLf& Ex}go] 78kDal 2 691709 amino acid® ¥ single polypeptide chain®

T4 5o itk o] single polypeptide chain® N-terminal #&#& FA3lz

N-lobe$} C-terminal %<& FA81 J+ C-lobeZ FHoIgtk o] F lobes

]9 FALG FZRE JMA 3T ¢lolA, N-terminal®} C-terminal AbolollE <+ 40%
9] amino acid sequence homologyE ZEth(1,2). Lfe] &3 RFAA 3
z i%tﬂ’ 53 2% 7IAFddE BF 6-8mg/mld] FFE FATL o
AR BHFEA o2 E 2mg/ml AEE AT wd o] 3
#Fdel HASA HYE Liv BA4AHQA =9 308 ooz FF30

lo

;_(%
21}
ot

4 m\m

% m

Aﬂ
@},

Lactoferrin® 9] #1)4 (exocrine glands)olA] #4833 non-immunoglobulin

ldom_u;‘dzrlrrlrku

1) #3egeldsa AdFetos ATk s
B EEe SE9FolYE 0024 wusteaTE Ade 98 dpasl,
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protective proteinZ¢] 3UzA HAFP T 7HHoEZ FTAE (anti-bacterial
action)& Yoy e, olEd FAIFEoR Q39 Aol nlelEiaFdorR
g dAdgo nu&3 AAotE XNAFE 9EE Frh(4,13,14).

EF 2o e lactoferrin®] FAFA T gufol) o] WA ol wigd A
< "W FUtEn de FAed. 3 HIV, HCV, HSV-1, Human
cytomegalovirus 59 AlFoA w9 WA wlolz{id] g Fulole2Ado]
wE Ao wel o8 virusoll o F71HA XNBAZAMY lactoferrindl] i A
Tt 2] o]FAA 1 e AAITH3,6,7,810,11).

UM AFE uie}t Zo] Zfole thEFe AL lactoferrine] SAd L 17 WE
o, Q2 AL lactoferrin®] Fupolgi 24 AT E HstY, 2fFd TEH Ue
A& lactoferring  #3 - AASFHY.  lactoferrin®  basic charge® ©] &34
ion-exchange chromatography(%°]2 A ZvlEIZHH)E Y3l JAA AlF
lactoferring ¢ ¥, 289 AlY lactoferrin® Fulolgl 2 & &A% 7] 93td
Vero cello] tig EMCV upolg} (4 gute]2]2)9] cytophatic effect A3 o
BE ZASIA T

EMCV ulelel&aE AAAoz de #2d Jov, diriEs v 458
U dR7tE A5l 2 ARAARE AEE & de A2 gEA o o] niol

Pag Fa 2L AN 4% zEEVR AsEAdd T & Aok
EMCV dolglst ofd AdsA £¢ 3993 sz gtk & A5 Wyo)
Q.

A+ 23 lacoferring] %o F7Heol wel Vero celld] gt EMCV o] 2
cytophatic effect’} Z4%S AT + AU

I A4 2 3y

Zf oA AHE lactoferrin®] ¥

2% 30mlE 4000rpmol Al 6087+ centrifugationg $33te], 5 AL &3t
o] %, Lactoferrin®] pl=8.5"9.0 A}¢]2] basic protein®]#tE &R 2= 0.02M sodium
phosphate buffer(pH 7.2)Z equilibration® negative charged CM-Sepharose Fast
Flow& ©]£3%¢] ion-exchange chromatographyE& $33%3, OM™IM NaCl
gradient® 839 elutiondtgth. B A ¥ lactoferrin® SDS-PAGEE %3l9 &
913} 31, A FL Lowry methodE ©]-&31%1H5,12).
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TE AXZH blolyg 2
Vero(African green monkey kidney) cell line2 anti-EMCV assayE 3 A&
HAk celle 37CelA 5% FBS¢ antibiotic-antimycotic solution® X &%k
RPMI 1640 w21l A v %3159 o}, Encephalomyocaditis virus(EMCV) £ Vero cell
oA FHA713, wpolE 29 FXEE plaque assayE 33t ARSI ATl
AHE-® Animal cell line®} virus¥ Table 1.3} 2t}

Strains/Virus Genotype/Characteristics References

Animal Cell line

Cercopithecus aethiops
Vero cell {(monkey, african green),
kidney

Y. Yasumura et al.,
(1962)

Virus

Encephalomyocaditis virus
EMCV Piconaviridae, positive
sense ssRNA

the VIth ICTV Report
by Minor PD et al

Table 1. Animal Cell line and Virus

grol 24 574

Cytopathic effect (CPE) inhibition assay+ 96-well tissue culture microplates]
A FPFHAT. dEH R 4% A HFA lactoferring celldt 37Tl 1
A5 ¢E  pre-incubationAlZ]l ¥, pre-exposed cell monolayere] 0.05¢ 0.1
PFU/cell %2 EMCV Hlolgi2E ZFAIIIE 299, d&302 4% A4
H H4 lactoferrin® 0.05¢} 0.1 PFU/cell =29 EMCV ulolgi2E 37Tl A 1A]
ZF5 ¢t pre-incubationA]Z1 ¥, o] A& cell monolayerdll ZFAINE= AL, F 71X
o B4 o] ddsach :

AEAD A 20AAAM 22A2F FFHAFE F, non-radioactive quantitative
colorimetric assay (CytoTox 96 non-Radioactive Cytotoxicity assay, Promega
c0)E ©°l&3t celld FHH} AEPE AU, AIdE wo|H2E A eA
B2 &4 U2 8o cytophatic effect inhibition®] percentageZ ¥ A1&+4
ok ZtZh o]l A 33 o)A HAjt
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27 2%Y F9A9 A lactoferrin®] A A

2%z2HE dd AMF lactoferrin®] AAE ¢ CM-Sepharose Fast Flow
resing ©]£3 ion-exchange chromatographyE <33t Lo Zhzthe]
fraction® ODgollA FZEE &4 3, SDS-PAGEE F3& F, coomassie
blue @423 80kDa ¢ 19 lactoferrine] ] HASE A& H(Figure 1).
&0 2 lactoferring X3 Y fractiong Eo} ultrafiltrationg &3t ¥
g % 0.02 M sodium phosphate buffer (pH 7.2)Z desalting3t™. 23, X5
2RE o 20mg/mle] HA AlF lactoferring ¥& & AT olZA AAL A
Z lacoferrin® antiviral assayd] AH&H At}

<4— 80kDa
hLf protein

3&%%‘# .

Figure 1. Ion-exchange chromatography 3 ¥, SDS-PAGEE ¥ lactoferrin B Al <% &<1
Lane 1 : Protein size marker Lane 2 : Colostral supernatant
Lane 3 : hLf standard protein Lane 4 : Flow through

Lane 5-7, : Major peak recovered from ion exchange chromatography

AA A lactoferrin®] FujolgP A AT

ou] A¥e g Vero celldl FFE vAA FE lactoferrin®] F=F FH 37
8t] 20mg/mle] AAE ALE lactoferrin® RPMI #l X o] 5-fold A&l 34
E3tlo] Vero celld] 37ColA 1A]12H5¢t incubationdt o, 2 A3 Vero cell
g XA LE lactoferrin® FEE ¢ 2mg/mig] Aoz ZAHH
o]3 A AF lactoferrin®] Vero celld] F&E v 3% & HHNA Vero celldl
g EMCV ®lolg] 22| cytophatic effect A8 AFE ZA}stsirh

£ o Lo
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Figure 2. Vero cello] ™ A3 lactoferrin®] anti-EMCV activity

(A) cell® lactoferrin pre-incubation, (B) Virus$} lactoferrin pre-incubation

77

EMCV #Zdel digt A3 lactoferrin® &3+ Figure 2914 Ex dle #od
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HE g Zo] Abg lactoferrin®] ¥ol F71gel uwEl Vero celldl thd EMCV
vlo]#] 2 9] cytophatic effect’} ZAES AT 5 AUt = A lactoferrin
& ulo]g) o) pre-treatd A -$HT} celldl treatd ¢ 125ng/mie] ¥& o
M= 60%°]4 cytophatic effect® A3 AT ol AAE st HAY A}
#  lactoferrin® EMCV  uteo]gize] dig ulojzl2gd L& AYzm glon,
lactoferrin®] anti-EMCV activity¥ lactoferrin® ulo] 2|2 particlezte] A A
A % Aolztr|Eube ulo]# 29| adsorption®] WL I cell membrane
receptor$} lactoferrin®] Ago) &3 vlo]2l A attachment A o) 7|2 & RAold}
A% ¢ grh

Figure 32 o|8id ZA#E EUY=Z lactoferrin® EMCV ulolgjxe] s
cytophatic effect A3 mechanism$ d93a v, EMCV niolgixed] oisiA
lactoferrin® A} B A $-X 7 effect® vA AT, 2 FolAE B e waoz
FEFS vXE ASR o= A,

Memibrane

Figure 3. vho]#8i2¢] ™3k lactoferrin® ¢}8] 7}A antiviral action mode lactoferrin®
host cell®ll virus particle®] &< binding€ =ETHA). HSPGsd binding&te} cell
%} virus9 dockingg #HalEAU(B), £ virusy} celld]l 01717 Y& L virus
receptorel HAAA S E binding3tI(C), o}& AR &L lactoferring intracellular

activity = ¢} 4= o} A (D).

FlAs A7 AAE =dlz 2 @, 0mie 2HNA 0mg/mle] A Ab
lactoferring 9¢ 4 A3, A& 9 AL lactoferrine] W FE& Fupoleay
¢ AU Yee AAT 5 Yok oA FHE 2HE Pz $35m, o

o £ - AAE T3 2o HA A lactoferrine] A& ¥ & AEEd 2L g

AT}
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dtelgl = &S Jehdle #utolelx AAE wEA ol = AAFHL Aol

= 422 JteEA @o =3 dA7R dupolgx AAR g del 2olxu
+ interferon® &7 E3tA 9, o =& Infol A S A Fulo]g A A
2 9E & Y2 AeE yZ4HE

Aun B3
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Acid stress©l Wl d Saccharomyces cerevisiae®]
S ¥

#eq, FH40

£ ¢ : YEPD mediumolA 7]-& wild type?]l CY4a®] early exponentially grown
cellS9] 72 lethal concentration?! pH 2914 & 65%, nonlethal concentration®l pH
350 852%¢ AE&L BEArh.  TFF Y adaptation FAE FHEI 9
nonlethal dose$l pH 3591A 60 £3F Ags] F Felx lethal dosed! pH 264
639%2] WEE&E B4, acid stresso] ™3 adaptive response’} FE=E A& #¢ &
4 99l o® isogenic mutant strainol A acide} & adaptive response’t f-=5
=8 AFngrt, 2 AF girl, gshl, gsh2 59 straing lethal concentration?]
pH 2614 60 27 HEsE A 4z 14%, 0%, 0% FEEE BH 7 strain
o pH 3594 60 7+ AR A e @J—} 60 ¥ % girl€ 44%, gshl& 12%<] A
£8& Hd, adaptationo] YojubA FRE&& FAT 4 Ak WA gsmHE
20, 40 & A Fo 51.9%, 24.9%9] A@%%a Bo] okzhe] adaptatione] Lol%&E
#gos 4 Yt %3 respiratory competence mutant strain¢! cog3$t CY4pE pH
2044 60 £ A F A7 EF 0% AEEE BHYF, pH 35944 60 ¥ A4
A F FolE BF 0% H&&E AT

Introduction

AT FBLE 5 - AE3 microorganism®] A 7R &= stressE FH
HA Aoprtal ity Bacteria® FolAE olEl @ stressE oAU Hoprte
AEo] o] EAF. A B3 acid’l bacteria®l stress factorZ &3t
A o]t

Yeast® o2 71x] &7 QU0 ZRE stressE W2 ¢l Yeasto] stressE
F= Q<90 ZFE nutrient starvation, utilization of nonfermentable carbon
sources, oxygen©®]y} oxygen metabolites, high or low temperature, heavy metal
ions, high or low osmolarity, high or low pH, DNA-damaging agents, hight
ethanol concentrations, desiccation §9°] Uth(1). Yeast7} ©|21d stressE& o
AME Mol & £ dE olfE stressol ths] WA = A& factorsE /MR 3
7] WEeldl, ZA 371A factorsE Yo & F dvk. A HAE heat shock

1) B Toeta AQsstes ATk
B RS BFYTONHR 200245 TSI TH Lol 9B ATAAY.
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elements (HSEs)7} ©]th. ©]= yeast cell®] heat shocks ¥3tE o] ¢
Ao 2 heat shock transcription factors (HSF)7} binding®& o 24 H]AAE
proteins®] A& WAL cello] Foldg 4 UA ok F WARE stress
response elements (STREs)7} $1tk. STREsE nitrogen starvation, osmotic and
oxidative stress, low external pH, weak organic acids$®} ethanol 58 &
stressZ2HH Wolsle=d HQ3 factoro]B A high osmolarity glycerol (HOG)
pathway$t MAP kinaseg& %3t Z-&3tA @k, A HAZ AP-1 responsive
elements (AREs)”} 1th ©]= heavy metal ions®} Z2 toxic condition®]}
oxidative stressAlol]l L EEHE 8 ho|ThHb).

o]2] % acid stresso]l W3 ATt bacteria® F3) FEFLoZ o]Fojxr] Az}
393, AFZAAE A 37FA acid resistance (AR) systeme] &8 Atk E coli
7} pH 2~259 HIPYE ZHLol el 371A] AR system<  acid-induced
oxidative system, acid-induced glutamate dependent system3 acid-induced
arginine dependent system¢] W& A ltH4).

A A ) A bacteriat) yeastE cross adaptationg Fote EAL Xz gul
Nondamaging stress conditions &4 cell® 71813 stressol 9o o B2
stressoll tE WA E & 4 Ut factorsE FASA drd. a8d $Ux Eol
A2 & stressd 93| AE acid toleranceol] W3 F 2.3 inducer’t A H A
o1} acid stressoll 9diME O & stressol W WAL AUA "o AHolg(2
3).

A F7A = bacteria® ©] &3 acid stresso] W AFZATET] B R =
o 28y 7)&0) REHY =F FIA yeastd UM E acid7} stressE UL
1€ 3tve factor2 ZAEsoii @slne YA T FF yeasto] Wl AFEIAE
ot& githk ZgA B AL S cerevisizged acid® A& FLEZM, acid stress
o] dtlgh yeast cell®] adaptation ¥&& FH33L, oJW 3 systemd} factorEo] 2
|3teA #@e]7] A 4 acid stresso|l ©H§ adaptive response 59 ¥3& %

AT

§ o

MATERIAL AND METHODS

Yeast strains and growth conditions

B APl AlEH wild typed] yeast strain® CY4a (MATe wra3-52 leu2-3
leu2-112 trp 1-1 ade2-1 his3~11 canl-100)°]™ A}-€9 isogenic mutant strain2|
TFEL y -glutamyl-cysteine synthetase’} A ® gshl, glutathione synthetase
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7} A48 gsh2, glutathion reductase’} A ® girl, ubiquinone®] Z2YE cog3,
mitochondria’l 2o ¥ CY4pE A£G ).

79 WY& YEPD medium (1% yeast extract, 2% bacto peptone, 2%
glucose)l Al AN 3G, 2 9o acide ZZd 01 M9 sodium phosphatest
phophoric acid®& Al43t9 pHE ZZE3FPon 30T, 200mpmolA Agul &9
1=

Acid treatment

YEPD mediumol Al A gujekdt exponentially grown celle] OD 600nmell Al 1.0
] FR& 9 pH 22 AHgsdFE F 208 FFo= 608 F< celld viabilityS
Z3t), Adaptation experimentsi= exponentially grown cellel pH 358 60% %
ALAAE 3 T YA Edsld 4 cell pellet® pH 29} transferdt th& 208
Ao 2 viabilityE #&Est )

[¢]

I A )

Results and Discussion

1. Survival ratio of S.cerevisiae CY4a to acid

Wild typeq! CY4aE YEPD mediumolA 7]& early exponentially grown cell&
pH 2, pH 3, pH 35, pH 4, pH 58 A&3td, &2z 6.5%, 68.3%, 85.2%, 94.0%,
94.4%9 AELEL HPAHFig. 1). o8 F4E 589 pH 28 acid9 lethal
doseZ pH 3.5% acid® nonlethal dose® A% & t}& AL ALHA 3P}

2. Adaptation of CY4a to pH 35

YEPD medium®lA 7] early exponentially grown cell¥d 79 lethal
concentration?] pH 2& A3 FAL wol wild type?! CY4da:x 6.5%, nonlethal
concentration?] pH 358 A&l FU-& HolE 93.6%2 Y&=E L B AHFig. 2).

TF 9| adaptation F4& Yoli7] 918 nonlethal dosedl pH 358 60% =9
2 g Fof lethal doseql pH 28 A28l FATY wild type] CY4adlA 63.9%
o] JEEL BRHAY(Fig. 2). °©|E T3 nonlethal dose! pH 358 605 £ A
Tdomn AEE] 50%°]Y F718lE adaptationo] dojt&e & 4 Yo

3. Adaptation of mutant strain to pH 3.5
YEPD mediumelA 7] early exponentially grown cell®] Z<$ lethal
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concentration?] pH 22 A3 W, mutant strain girle] ZA$ol: 1.38%9)
NEEES HAI gshl, gsh2, coq3, CY4pollME= AEEFo] EF 0%z et
(Fig. 3,4).

TF 2] adaptation ¥4ES dolR 7] 93] nonlethal dose?l pH 3594 608 =
b A Fe lethal dose? pH 22 A FUEY mutant strain? girl,
gshl, gsh2, cog3, CY4poll Xl Z4Zr 4.4%, 0%, 1.2%, 0%, 12%% WEE S BAHT
(Fig. 34). Glutathione §/d¢] o]0l & FFU girl, gshlAAE acidel o)t
adaptation®] e} @2 Ao 2 Ro} glutathione®] acid stressE& olAWE ©
o ZL¥E F5E 4 Utk ¥H CY4ad] AEE v E T3] 2L F£x0o|7)
StA ", gsh29l A4l adaptation §1°] pH 28 A P& #HAdE 20, 0mincl A 0%<]
AEES Holil pH 352 adaptation® ANFE wWelle 74z 51.9%, 249%S A=
ES BEolt ALE Mol gsh29] gene productd] 7 -glutamylcysteine®)
glutathione®] 71 & A= A= FYP F Yot dT2AG) Y IXNTFL FAT

ATt Respiratory competence®] ©]4teol 1E #F5¢ cog3 (ubiquinoe©] &
)¢ CY4p (mitochondria®] functiono] ©14)olME acidel W& adaptation®] ¢
olux] & Ao g Hol amd stress& FEE = H o] respiratory competence %

& #AdH J&E F5E F U
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Fig. 1. Survival ratio of S. cerevisiae CY4a to acid.

Exponentially grown cells in YEPD medium were transfered to pH 2 (@), pH 3
(HD), pH 35 (A), pH 4 (X) and pH 5 (O). At 20min intervals, aliquots were taken
and plated on YEPD medium to monitor cell viability.
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Fig. 2. Adaptation of S. cerevisiae CY4a to acid.

Exponentially grown cells in YEPD medium were transfered to pH 2 () and pH
35 (HD. And exponentially grown cells in YEPD medium pretreated with pH 35
for 60min and then challenged with pH 2 (A). At 20min intervals, aliquots were
taken and plated on YEPD medium to monitor cell viability.
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Fig. 3. Adaptation of S. cerevisiae giri(a) and gshl(b), gsh2(c) to acid.

Exponentially grown cells in YEPD medium were transfered to pH 2 (-4-) and
pH 35 (-Hl-). And exponentially grown cells in YEPD medium pretreated with
pH 35 for 60min and then challenged with pH 2 (-A-). At 20min intervals,

. aliquots were taken and plated on YEPD medium to monitor cell viability.
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Fig. 4. Adaptation of S. cerevisige cog3(a) and CY4p(b) to acid.

Exponentially grown cells in YEPD medium were transfered to pH 2 (@) and pH
35 (D). And exponentially grown cells in YEPD medium pretreated with pH 35
for 60min and then challenged with pH 2 (A). At 20min intervals, aliquots were
taken and plated on YEPD medium to monitor cell viability.
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GFPZ o] £3 autoinducerE A& F ¢

M =& vector 7|t

ol

Aag, =74V

£ ¢ : Quorum sensing® Pl E] o)A dte) B4 GH) WAL 7o)
2+ autoinducer® A, autoinducer® A X ] o F signal® Z-g&3o] X 2
24 WEE dojuxE Fith B J4gL protease B4 TFE ¢4 & JWLUH
autoinducer® e W o8 714 FAE AA 31, MEZEL sensing straing T
Ex1z 34 th 1 d3} protease B4t FFE NTILA sensing strain® 2 A&o] 7%
& autoinducer® A4t & A& plate assay ¢} thin layer chromatography S %3]
#el 3ttt = sensing strain® ZHE  autoinducerdl €3 FEHE gene?l ta
gene®] UHE PCRE %3] AUl = gene productst GFPE fusiondte] A=Z$
vector® A ATk o] vector: MEZE 7129 autoinducer A& sensor®t} © &
¢ 538 e AoE FE4do

Introduction

Bacteriax A Aolzte A Eo] oty ojE 74719 Bacteria® 2L 2HFs}
& F79Y bacteria Atolol® AF 9 Al ALGE = AL #AFA3A ¢
o]
5
o]

e

Bacteria® B @937 oz EXES BEA AXE FolM ALgFTH
= od 5d% 24 V|TE B3 9F FHFCRRE WolEQ AL HRE
H M2 gened] LTHFA NZE d¥A A4S FEFT. Bacteria Abo] <
23 AR FHe 2R 5H EAE o] Fo]A &4 ©ol& signal
molecule =+ autoinducer &3 @t} ol FH2 BAEL AX ¢olA TS0
A AE grez EHEY, AXE v EX3Es F2 BAE0 ¢4 F7 HWE AE
© 2AY FEE AN A AEW gAE - 5, 7).

Bacteria®l 4] small molecule signal®] ZE71&L  Vibrio fischerid
bioluminescence Z&d| 4 N-3-oxohexanoylhomoserine lactone (3-oxo-C6-HSL)
A dE 9¥E EEstE 19909 o)HEE HuEe gt} A
3-ox0-C6~-HSLZ o]21¢ HEmAEF 19 FAF AP EJL 2= nAE
9 nFF EAQA Roez AZE o g

a3 199236l Erwinia carotovora ®% signal molecule® AAF8ti B-lactam

oA

Lo
L

1) ooy etm A8y A -Fata)
2 EEe B9 Folt)oh ARUE T SedT) A4 48 A7ARY,



o

-z 7] }\6]

90 A8

Ade AL 1-carbapen-2-em-3-carboxylic acid (carbapenem)e] A2Fg %=
gt BRurt LEHJZL, © YolstA AHL signale  AMEEE cell-cell
communication< gram-negative bacteriadlA Uul= < Aol HIFo o1
Atk ol s cell densityol 91§ cell-cell communication® quorum sensing ©|
2} 3 Greenbergol 93] o= = AH7).

%2 quorum sensing mechanism % plant pathogenic bacterium$l A.
tumefaciens®] quorum sensing< tumor inducing(Ti) bacterial plasmidsol A
infected plant cell9] nucleus7tA] DNA fragments (T-DNA) ¢] transfer® <13}
A ZE &6, &, quorum sensing2 ©]# & conjugal transfer genes< controldtt}
(1, 5 7, 8. I HAHL bacteria cell?] Ti plasmid® traldlA AAHE
autoinducer®] F=7F 9% FEE YA =9 conjugationg %3] bacteria®)
T-DNAZ} plant cell2 ©]F38l%=% &t} Plant cell2 ©]%¥ T-DNAX opinesg
Z88tA H 31, Al o] opines€ bacteria cellol Al autoinducer AAHE H X3 E
oAl conjugal transfer® #43tA1Z1tk. 2= A HE autoinducerd FE]
8l quorum sensing activity’t W3R, F, A tumefacienst  plasmid
-containing & 2 58  plasmidless A. tumefaciens cells7}X Ti-plasmids®]
conjugal transferg X3t OpinesS A4tstxz £98]3l7] Y4314 plant cellsg %
Zoch. traldA AAFHE  autoinducer?dd N-3-oxooctanoyl-L-HSL®] 34 &
N-3-oxooctanoyl -L-HSL®] &AjlA] tra gene expression® &A3}3}(3, 4, 9,
10).

Autoinducer®] biosensorel 28] %2 gram-negative bacteria®l X autoinducer
-mediated quorum sensing®] HAHEH, o3 biosensory autoinducerd] &
HoZ Folx EA i transcription®} expressiond] activationo] doju} 7AZ
g 4 A AFEUY. AAA Y £A8E autoinducere acyl chaing] Wi E <
& FERAoZ gt #2448 7MA LuxR A 971 #1gE o83
in vivo reporter®] construction 39y, o3& 7}A autoinducer® detect ¥ 4 ¢t}
oldt HEL lac Z9 las I gened ol &3t A&sta o, 6, 11).

olB% FadtA ¥Z4E3 ¥  autoinducer sensor strain A e ATA
ANA Z}z}be]| g sensor straing WEID Y. WFHA B dFdAME ez 4
T W 2 sensor straing A2 A 71E9 sensor straing ©]&3le] &AA
g3 EA3= quorum sensing straine isolationd}i, & M ZE& autoinducer
detection system& TE©] R uxAt &9}
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Materials & Methods

1. A183% @5 2 vector

B AF A48 435 A tumefaciens NTL4 (pZLR4);AAI indicator strain
22 traG : lacZ fusion¥ traRE encodedt pTiC58& 7FAX™W o] vectore
gentamycin® carbecillind]l A4S Xdch. E DNAS L&l E. coli DHba' &
A3l AH8-E plasmidZ2F GPFY gened 7FA31 & pGFPE AH&3F4t).
& protease AATF JW AlEe #FF o]83}o] positive autoinducer strain
o

Adstazt st

2. Wj7 9 wjg =4

E. coli®l 7%= LB WiX(05% yeast extract, 1% tryptone, 1% NaCl)Z A}-&
sl 3794 wjdFstgtt E, JW A9 #FF+E casein media® AME-3te] 30 <
A g aT.  AMEE sensor TFS NTL49 Hixl& AB®IX(NH4Cl 20g,
MgS04 7TH20 6g, KCl 3g, CaCl2 2H20 0.2g, FeS04 TH20 0.05g, K2HPO4 60g
NaH2PO4 23g/201, 4% carbon source)& Al-&3 o™, HEF F 30CoA wi
stk A7 g A 2= FAAE ampicillin 100ug/t®F  gentamycin
50ug/1E& A eldte] AH&3FA

3. Autoinducer detection
Autoinducer?] #A& senor straing! NTL4E o} &3l #e1d4tt. Sensor
straine & @39 93 WEAA autoinducerd] & LacZ 7} HE 3] x-gal
ol &4 &tellA blue color® FA T 2jnzZ o]{d AL o] &3to] test T
A

F2RY aif 24 #1578 398 ¢ gk

3-1. PlateZ °]83% %4

AB minimal medium (1.5% agar)ol 40 pg/m¢ X-Gal @3 plate ol 0.7%
agar®] soft agarol reporter strain (NTLA[PZLR4D)S overlayAlZlth. Soft agarE
Z3 H, assay ¥ colonyE patchdti 28ColA] overnight ¥F&-A17Ith, F9d)
diffused blue zone®] A7]™ quorum sensing molecule®] Y& Aoz ZA3 ¢}

3-2. TLC(Thin layer chomatograph)& o]& 3 u-9
LB wix]o] HET F cell 3157 B ¢ 30404 v &, wjgAL Hir 9
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A 4000rpmoll A 10%S A& stdvh. B vjgd 10 1 & ethyl acetate
9} 1:10] H2E 3o F HAFI, 4552 ethyl acetate £H4E W=z Fedr
ol2 F W F£YPI} F HAF 100ul’t HEE FFdt RApTTE o FEHL
autoinducer’t EA322 TLCE ol &3t A/, E2& #8 & F7F Uk
o]u] A}-&38F& TLC* Cis reversed phase thin layer chromatography & A}M-83t1,
A7/ME methanol: water 6:4 & 8] &9 £9E AL}t 7 soptS YAAZE
o, A7E & 1ML A= "R Ao

AB minimal medium (1.5% agar)ol 40 gg/mé X-Gal A platefie] 0.7%
agar®] soft agarol reporter strain (NTLA[PZLR4D¥ X-Gal¥ #7134 overlay
A 71T}, Reporter straing AB minimal medium © X-Gal& &% TLCHA
28°Cl A overnight ¥r&AlZltk, Patch FWol| diffused blue zoneol A7|H

quorum sensing molecule®] & ROE FAH3Ach
4. Autoinducerg ZAE#F J+& AMEE plasmid A%

4-1. PCR Amplification

Primere tra gened A¥EA tra 1 sequenceE ©1&3t tra |
F(5'-gttaaccgagctacaaccg-3" )8}  tra 1 R(5'-gtgagtcctggagtttg-3')2A St oh.
Amplification2 pre-denaturation(94C,  60sec), annealing(40TC, 60sec),
elongation(72C, 60sec) denaturation(94C, 60sec), post- elongation(72°C, 120sec)
oA 30cycled] Z7doz FAFI}A. WEFL F S0ul2 DW 375ul, 5mM
MgCl: 5ul, 2mM mixture dNTP lul, 200pM mixture primer lul, isolated DNA
1ul, Tag polymerase 10x buffer 5ul, Tag polymerase 0.5ul(25 unit)® 3Tt
MgCl® % 25mMel HA 3tk PCR products®l &1 1% TAE agarose
gel electrophoresis® #¢13} t}.

4-2. N =& vector A|F

9)o] PCRE E3 QoA tra gene® GFP geneg oz 71X £ AEE @y
2 o] &3¢t WA per product® £ ¥olA plasmid ) pTRAYA puv 119}
sal 12 AW 813, pGFP vecotorZ Z2 &4 AHTF, 2479 @RS elution
& 3o ligationg 3FJut Zt A AESAH  methodE molecular
cloning(sambrook et al)2 Fu3dte F3P3tHATh
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Result and Discussion

1. Extracellular enzyme

Autoinducer?] AAte nAE zZhzbed] glojA 279 Akl olyi AEH HF
Holtl. autoinducer? AAE T3 FWe wAES] communication¥ O Z A,
N2g 9% 37 ARE Y539 $5HoR qAT 4 vk old B2 #IF
7} autoinducer® AArgch B3], RZ E4AE BHdle 7Y JFE o8
Ag BEujgtE 59 FA$E o9& otyrh

B2 ¥ protease TIFE 98 42 E A
protease®] A $-d thE FARTE Bol AL, ojFH =F -40}“4 °] “_+—7F‘l‘x:
growths} RAHEA £4S ANstn gow, 349 F= 19 H#HA S
B}, I#EZZ protease 49 AL o] FFo AEF WHIT 1 Fo| &
o] %7 Hl#HFEE autoinducer? EAE FAHsY stk SDS-PAGEE 41§35t
o] JW19 extracellular enzyme® &4 #5& s on, 714 F2HA dE
Y 45kDa®] protein® 9@ A(data not shown)E HFLE, used
extra-supernatant’} growth®} extracellular enzymed] 71+ 3F& dolr A
3ttt 7 A#E fresh media, spent mediadl] A 2] extracelluluar protein® %S
Fig. 214 Uellidet.  fresh mediadl A& 8A1ZEe] o] 45 kDa®l protein band
2 JeEM Y T, spent mediad] A E o] AR WE 6A] 7k A EE band’t YEME S
B2 4 gt olgld AFBRE fresh mediadlyE &A1 &iL, spent mediad] gt &
Aate B o8 olg 2 ARE wEUS AR A4dAY. EEFY AL
spent media®l & o2 thYd F products} proteine] £A%t, W1 #F& o]
o} o] o] AR 9% productdl &3 A9 proteing WE=E RS Fld
Ak

JW1e #5F7} autoinducerd A4 FFE& A3yl Y3, autoinducer plate
assayE F#sF. WA top agarel sensor straind} X-gal& 4o &r}h ]
sensor straing autoinducer’t EAsH Aol ZIXl: A+ plasmidNA  lacZ
geneS &34 blue color® TESIWT. WA autoinducerd A4 FFE
blue color®] AL Z FA FE & = Jdvh. 2 A3 JWI #F9 FHol blue
colorg FAE AL FAF & AN (Fig. 3). wehA JW19 #F = autoinducer
£ A& F Y+ senor strainF ¥$E& 39 blue clorE FATS Bl 3}
Ak, 5o "AE EL lacZ gened AYI U7IE #Frh o] A senor strain
= daAgleo] blue color& YWEE 4 Uvh.  ©EA] autoinducerg A4 3=
positive stain® €71 8 TLCE o]€39 autoinducer®& &R 1A 3t

o

mlo
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vk o] ethyl acetate® 41914 autoinducer’t & Folle 4 YA dgom,
o] ethyl acetate® ¥ 353t o] FZFNL TLC plated] spot2 ¥ t}e, methanol:
H0=6:49] ARz et HA/NE plateE senor straing overlay 3te] #
Zsldtt. o A3 Fig. 39 22 blue zoned TLC AdA &9 4 Yot
(Fig. 4). °] A=+ JW1 #F7} autoinducerZ A4}, AX oz Eules AL
QA ¥ & AT ol2RN gz e A JW1 TFE o439 quorum

sensing ¥ extracellular enzyme®] #AE 439 £ character® AU},

2. N2 & plasmid A%

olxe] H@o)A autoinducerd] HEL lacZ gened ©| &3t A& Wi
of Aj2o] X-gale& H7letd 2 W&o ZAE blue colorZ2 FA3A. gt
o] YO RE lacZ gened 7HA L EAFF e AB8lol BF positived 23S
YEMEE 4 AZEolA autoinducere]l tiF A FFE e & 0%
3ty weka A 20] reporter gene?t thX| ¥ plasmidE A Fsle] APl A riskE
ZolA 3t

a3 7l &l A dA MEL autoinducer induction sequence$} GFPE fusion 3}
322 &RY. WA autoinducer?] geneS 7] $13] protease A FFEEE
DNAE dojA PCRE #33dd. 2 A7 700kbe] PCR product® 4t oja
A do]A PCR products GFPE o]&39 N2 E vector® wWEILA pGFP
vectordl insertiong At I A3} 36kb sized] AMEE vector(pGF-ADE A
215} A H(Fig. 5).

o] plasmidE MEE autoinducer® HEFIASE R ofYx, 7]E&9
reporter gene & tiX ¥ plasmid ©]t}. ©] vector® autoinducer?] &A| 3}ol
A induction® ©] GFPE& AA Al It o] GFPE F71A d&A& F43ed o
A miner Y 470nme FHFe] LS oW 510nme HFoE W&
o] o]g3Y visuable lightZ24 &lo] 71%3t3, B+ LS AL d ¢S
733 510nm #ge] $& W&t welA autoinducerg& A AQ3tE TFE plate
Zol Mt broth AollA ad WHoez Qo] shsditk. o]¥ ¥ plasmide U
otrt ZAAe AE&E B AAANA dojvte population dependent BHES
AA ol & A& Aolzt At "o,

1
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a)

Fig. 1. Producing extracellular enzyme. selective media incubated on test
microorganism. Enzyme producing clear zone or halo appearance . Each strains are
reported to isolated protease producing bacteria form waste food. a) DNase test

agar. b) skim milk agar.

Fig. 2. Effect on fresh media(a) and spent media(b) on JW1 strain. SDS_PAGE of
JW1 supernatant protein was analyzed in 10% polyacrylaminde gel and strained
with coomassie brilliant blue R-250. Each lanes SDS_PAGE was analyzed samples
on 0. 2. 4. 6. 8. 10 hours.



GFPE °}4% autoinducer® Z&¥ 7 J& MEL vector 97

a)

b) d

c)
Fig. 3. Producing of autoinducer by JWI1. Positive reaction for autoinducer are
visible in calorized catheter sectors. Evidence for producing of autoinducer is
indicated by the expression of b-galactosidase acitivity(blue coloration) in the
reporter strain which in each test streaked. a). JW1 b). JW7, ¢). JW3l d). E. coli

-negative control.

Fig. 4. TLC of autoinducer. Samples were chromatographed on Cis reversed-phase
thin layer plate. Developed with methanol/water(60:40), and spots were visualized
with sensor strain. a). DW b). A tumefaciens c). A. hydorphila d). JW1
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Fig. 5. Construction of pGF-Al The ORF was amplified from the NTL4 by PCR
product and cloned into pGFP vector. The vector was transformed into DH5
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Optimization of fermentation conditions for
the enhanced production of lacticin BH5

Avl s, 4380

2 o e g7 #A9 & 848 JYEIE lacticin BH5S A Fdui &
d¢ 4 g 2AL A Hth. shake-flask W% Al lacticin BH5 A4 &
dAME 27 WA pHE 6002 z-3lo wgdsts zleo] HAsgon,
lacticin BH59] AJ4tel SlojA A 2f wiAE A 27, gdihdez:
glucose, AA g2 0.5% tryptone, 1% yeast extract &3 05% beef
extract® E¥ T WA 1.25%2 KHPO48 F719HF 2 0.005% CuSOy-
SH08 ¥YHeT HAANY U MRS WAAA growth L Heien A4
o] AT EE growth X WA AN Y A £EE 0T A

2.2 vErRT
1. 4 &
g o4 Aol Aitdte dld E= dRFAALEY YT EFAZA
dtx oz wHELNE A E o2 fAE #F o
3to] & (bactericidal)7| && zt: glon AN FHAAZEEH FHoluE
of o3& AAH AFA(ribosomal translation)gthE FHolAx duk g4 Bz
e FEo He A4 o4 d Aol (Biswas 5, 1991; Tahara %,
1996). wHI AL A % AHFZH EAZd mEt 449 F(class)o 2
B F 9. Lactococcus?t RAA3EE nisindg Zo] FAAZRE gulaz o
A5 olF EA o}u] :=Ak(serine, threonine, cysteine)E°] 53 o} x4k
Q] lanthionine®} A -methyllanthionine®.2 % & (post-translational modification)
Ho] &A= vre 2] 2 A& lantibioticsgt 3o class I dwH ooz B
Fota, A Fe] 31 (<13kDa) € ¢AAH E¥& dHIHL2AE classll,
BAFol Z21(>30kDa) € 43 wH YA classlIE EF31 vz
Hoz ¥ BEAV @58E ¥ AE XA AFF Je B wy
HeME class V2 Z+Z 73831 otk (Kaletta 5, 1989, Venema, 1993).
olg g weElg e FFHY HAY I HE FAErUFE ggaA

Ot

N

D #Es|Foldistn AQdetois Ay Ters as
B EEe @RTE 20029E TedTH Aol 9 a7AHY.
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el ed dgiEe dHIe 4‘1% A4, ga99dn Ze N¥X AR
aggregation® FA T H A XZo] ion channel® WES A XU AsA
< FEANINAY pH #8 & Hf—‘jé"i/ﬂ AXEE A (cidal) T2 AFA

A (static) ZE7F =& doh(H 5, 1994).

dtg gl o Alo] tid dFE 19256 GratiaZl tiF o] AisE FTA
A2 colicinolEt BHEIHMEEH AlFAHY o, TP E HFe] ¢
A 2L AAAo g HFHo] FolAHA AF E FEAAANA FHY

el Hu g wyHaAeae F2 RAF(Lactic acid bacteria)o] A4k
st dE gl BAFL B3 ES Pr1Foz o]f3ly FHAES *3
Aae AEE A9Ad de BEHe Yk RAZolT o HABE &

AE, BF, F7, 4 T F 2aAAAA WFy B EZE YA
o w3 FoE FAANA F9 F3 AT BSE ANADLZA A EF
g R s ’4?4 HE 9oz dy ol&FHo st o5 A4S
A A dAE] Fiely 24 22L& {714 4L H v
e 59 g %é“ﬂl og RAozw dHA Jon(H F, 1994), ol &
Aol ols] AdFHE wsHIPeAL AAd Ui FA4 stedel wiAH7
HE AEREANZ YA37) A A7V 8243 APgHu Y, AT
o 93 AadE dEIHA LHHLALEZE @4 Lol (picked cucumber)
719 9] Pediococcus acidilactici’t A 4t3t+ Pediocin PA-1(Piva %, 1994),
o)

28 Ea®  Lactobacillus acidophilus 11088°] A AFstE Lactacin
F(Muriana %, 1991), 3 ¥ 2 X A" A& (Vacuum-packed fresh meat)
X B H Leuconostoc gelidum UAL 187¢] #4]3+ Leucocin A%}
Carnobacterium pisciola LV 17¢] A4t = Carnobacteriocin(Hastings %,
1991)% o] wam¥o] glt. E3 Mattick® Hirsch(1947)e] o3 2A€
nisin® H% A Ed EA8E Lactococcus lactis subsp. lactis7t B Abet =
HEAHY dHzgedezA AF R Listeria monocytogenes$t
Staphylococcus aureus®) &S AHAZ B o}y Bacillus R Clostridium
botulinum® EA wol 7 FA L WA FAF ¢ 7Y F4 RE,
Ezxg AFEY A7 5 98 AFAA HAEFREAZ ALFHI doY(H
% 1991; Thomas %, 1996), 1988l FDA <3 GRAS(Generally
Recognized As Safe)Z <UAwo} 2 A &ol FdFu Jv. EF nisind
ribosome®] ¢ 3 ¥4 = o] W & (post-translational modification) A& 7
7] W&o nisin FAMA 7 Zeol 52 £ QEd 1990 nisin Z&#E &
AHA 7 A" MR AFREAR MEo] FFHA Y} (Eijsink F

’
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1996; Liu %, 1990; Matsusaki, 1996). el g A& Z4F &Fg A FE ZF
£3 &A% A AAEE T HAANT JdE AT A iy

H, 71EY F4AGE 28 gl E8 E4d osiA EHEoZH AA
o FEXAdolx ZFAHe & B oY, pHe ol tid APl &}
T A dA g AFY AzxFTH € gAF SL£dHE A=V}
o]Fo A Yt EF HHHLANE FHH swte] AAF RoE LA
Fovt v Wi we 2 Qo] Bol H4HE Ao RuHI YJo
W (fF %, 1992; Mortvedt, 1995) A3 2 g2 AFabke] g o ¢33
8 A (nutritional parameters)el g AF7F uH] g AAFo|o}, 53 AYH
02 F&AHU dF ALE AHAMAE & dHILAY G AF =22
< FESI ok & TFF MFo] R ok ),

AFAES U BEAE F2FL 22 & 24 Lacticin
g Asst= v AEQJ] Lactococcus lactis BHSE AANEZHEH B
E4¢ wEsd Rug b I (Hur 5, 2002). wEH B dpe =
< Lacticin BH59| A4 & Hdsst7] 98} Lactococcus lactis BH59)
FEZAS HAFHF}E Ao,

ws]
oo

20N

mﬂ‘.

0. Az 2 vd

1. A8 #5F 2 W

BAEEY] daHEY AXNERY BEd® FF Lactococcus lactis BHS
(o], 1998)%t HE WEFE AE&" nisin AT Lactococcus lactis
KCCM 40104= S HFF 103 protease peptone 10g, beef extract 10g,
yeast extract bg, glucose 20g, Tween 80 1g, sodium acetate b5g,
ammonium citrate 1g, magnesium sulfate - 7TH20 0.1g, manganese sulfate
0.05g, dipotassium phosphate 2g2 X33 MRSH X (pH 6.8)E Al &3ty
30 TollA 8AIZEEF wWi%3git. oF BH5Y 2az wde YgaM:s
15% glycerol vial 4 ele] #& slantd] Adiste] wigs 5 8A 7 =
MRS A wfA A A wiFstn 4FFE 5%(v/v)E 3t D 8l x] o)A
HEFTAN7A F MG g B g wiAd FFaac. B oujge 3
¢ TBY (tryptone 5g/ £, yeast extract 10g/ ¢, beef extract 5g/ £, glucose
20g/ L, tween 80 lg/ ¢, sodium acetate 5g/ ¢, magnesium sulfate - 7H20
0.1g/ £, manganese sulfate 0.05g/ ¢, dipotassium phosphate 2g/ £ ) ®] %] 7}
X348 50 jar fermentorol A wlgslgom HAFHFL 5%(v/v)E o+F ).
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A 5717 A pHE 5N NaOH €902 pH 652 ZHstgon BH§x
= 30CA 200rpme 2 e g, HZFAF sampling Al F7& F
F3IR/T. FFY REL TH wWFAE AFE 30% glycerol £33 FF
o2 ETHT OE, -70CTAA BEFAT. F7 BRES A AF oF
AR A FA wiFAH} AFH 24% sucrose £AE L Fow Y

st 2 AZXAA BEIFAT.

2. ¥4 % ‘;'-! Glucose® A %F

A TEE A AWM TA HSFIE FHFE HAY A3
o spectrophotometer(Spectromc 207, Milton Roy)Z 660nmol A EJ =&
2438 Qo glucose? A FL glucose(Sigma)E I FAEE ALE31d
DNS({Aldrich chemical company. Inc.) {22 =33 9 H(Miller, 1959).

¥ 84 =4

—\,_—ﬂﬂ TFEY FF A S 2AEY] el A" gl o3 wj &
& 10,000rpm°ﬂ}ﬂ 108 &< ALy AF54& 4L thE LN
NaOHE& 94& ol &3t pH 6022 RAIZ} F oH(%(Pore size 0.45mm,

Gelman science)22 T A ZE A A% = spot-on-lawn ¥ (Klaenhammer,
1993).8 A E YT, TGY base agar plateagar 30g/¢) 9
Micrococcus flavus ATCC 102402 2%(v/v) A E & TGY soft agar(0.75%
agar) 3mS ¥of E¥E v AZAL vg, 99 E¥8 A5AE 104
HAste 2041 Mg F AL AU Y FFE wHAHSIAG. A
g9 AFAA FAHE AlAE ¥59E FoE FHTE €AXHo= 2
vy A ste 10E A WA FAHSRS T EHL F

el 5 w3 87 4% vdetde dF 34 s g2 A
g e, 1/3 vl 4 X100 AU(Activity Unit)/me, Z& 1/84¥l5 Unit/
M2 GEr Ao,

4. pHY 49

%27) pHY FF L ZAE7] 938ME 238 FF7 9 dHg 4 A
Ae YeldE 42498 2%7F HA #H7Men dEd F 3N HCIF 3N
NaOH €9 & ol&3d x7] pHE 5004 9.07t2 Zz »A3F 5 $av
S A vE 2 g ed 48 2AET.
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5. 259 %%

A WY 258 AEFV A Hd dHPgLLAE AdseE @4
2E 2%7F HA sz 25T, 30C, 35C gl 37CoAA vl FsaA
A v = 2 THPLN F4& ZAFACD.

6. 299 dF

g AFL Z2AF7] MM E MRS dAwix 2 MI7THA A
glucose ¥ lactose® Z+Z 9 @ih9o2 YA, @49 E H7SA &
2 "HXgAY MIFE UYRTE Y 30C°ﬂ/‘1 g ¥ F
spot-on-lawn W o2 gF FHL A syl

7. 34299 9%

e i mAE AL IFE ZAE] AN a2 S
A & MRS o A wj =] o 747—}—4 AAYE 1%EHA H7rstd 30CoAA A7
wgstdoer, Ad e s 4L UYE tryptones 05% EE 1.0%
2 FH7Ea 2 ZA9YA beef extract, yeast extract, peptoned 0.5%,

EE E3o2 HAAANA ad o4& g9 AF L dHg

1.0% I8 g5 =
24 g FAHsA

8. kel 93

#5 BHH9 dwrHg]eal Ao mA&
71 S1dte) F7] Aabe]l A® HMFE MR
0, 0.1, 0.2, 05, 1.0, 1.5, 2.0, 25, 3.0%7F = Al
dF] A% 4 NS 2AEIET

>

_—

z7] A4
S

3
HH A] o) -‘?—

9. 771 4579 4%

w5 BH5® bacteriocin A 4to] M F749F59 AFLE 2AE Y
g F71ARE AYE TBY AR ZHzre] /G FE 0.005%7F 3
A A7Este 30T AEgmedd & #4 5% ¥ spot-on-lawn WP o=
Fqd 24 FAINIAG.

‘53:
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m. d3 ¢ &

1. A3 2 gz Aid v %27 pHY 47
Begen A4 A WA AY pHE ZAEZ] As WA x7) pH
5-02 247 wAste] Az EE 4% L wHed Add N pHY 9%
A 9. ®F BHs: wixiel 7] pHrF 70014 902 WX M HZ 73
=7} ggem, Weged A4e %7 pH 60-8504 AW vehsthTable
). wehd pHE GASHA FASAM WMFsts] o=@ flask WF A BHS 2
Fon A AN E Z7] pHE 6002 ZAste] Wste Aol AHolrh

of o

2. A% 2 vEHIgoN A vAE 259 9F

B #379 AF € gy A4S 4 AFH 2EE XA
A3y 25T, 30C, 35T, 37CAA wjgseAy B3 ¢ HHHA LS
AZPEE ZA3490. #F BHSY ASdde A% 5 2 F 44 ¥
7} 35CoAA 7t A JdEIR ey, HHE A AL 30CTAHA 714 =3k
thH(Fig. 1). Vuyst $(1992)e] R 3 g ute} o] FF BH59 o3 Wity
= dHPLN FA4L 79 AFFH FA FUkste FEE Rolurst &9
BAA7T 274 84 A7 vEY = growth-associated production
pattern® Y EIUIA T ol F wE PN FAFT 4 Fie oA U
H o] specific =& non-specific @3 714 B3] Eid o3 ZHH A
of B3 wEolAY e LAol ionic interaction EE hydrophobic
interactiono] o3 AT FHA7 29 Aoz HmEe Qo
(Parente %, 1997). metA o8& @4 & W7 3 ey A4
o] Hld AHAA wFde] 22& 5TE YWHAY Wk pHE 2 AEE
@A AGANAFE Aol 2HFA A2E YR,

3. 373 2 gqHIALN A VA= @i Ao 9F

Edg 759 weH e Aidd "xE @499 dFE 2AE7] 4
A #F BHSE MRS A sjxo Zrzrel @2 U& 2%HA H7Mste] w
JalAAN F5e A 2 FF A E FAH}IJT. TF BHGE * T
(1992), & 5(1997)c] B g nvle} Zo] A BALHC % glucoseE: 849
oz ANSAS W Y 2L 7 BAO AdE Ut tH(Table 2). 18
Y} maltose, mannose, xylose && sucrose® A7 ALoes AFL 57}
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gaou, BH LA AL mannoseE FA7FE A LAT FHHI.

4474 2 wAden A% MAE A2A9 4T

T BH59 2rHIZG LA Ao mxs Za2HA9 FFE 24357 A3
AN A9 AYT MRS 9 wjxo] 2tz AAAE 1%HA H7bso
sty T3 AF L FgF FAHE FAHE ZHF, beef extract,
peptone, soytone, tryptone, yeast extract® FH7I3 Z $o w9 AF 2
e g oA AAate] AA F/HH 9 ew, 1F soytoned tryptones I 7Fsh
Fe w w4 el g2 YeEwtH(Table 3). Ao e A
Jde VeElR E4A 99 tryptoned 05% AT 1.0% tryptones H7t
o Hnd B A4, HF o4 FES HHI LA AL FAE A
s

>,

glew ol 05% tryptoned] wrHEld A4S FIhANZD o
¢l beef extract, peptone, yeast extract& 05% T+ 1.0%H A
Eged 2 A5EHAE HES AF, FF #A FET yeast extractE H
7+ 7§

= ZF7EE ¢ F Udoh. ES 37HA olFY FAAE EFEH EFA
oz HNAAA T AF ZL g A vAe dFE ZAE Z
7}, tryptone, beef extract, peptone 18 i yeast extract® ZF H7IAZ
A %9 05% tryptoned] 1.0% yeast extract® 0.5% beef extractg® 3 7}A|
A MIFEANZ AL AF T4 = 2 dHFLLL Aol Hdden,
%L tryptoneTrE HIAA wigd AeEt HF dH A Aol 4y
A= F71d ¥olAth(Table 4). watA e 4SS A8 dade
2+ 05% tryptonedl] 1.0% yeast extract, 0.5% beef extract® EFH o2
A7Le mx 7 drE g 4 Aibe] FHAHolAo,

5. weEled A WAL Aol 4§

#% BH5S wHHALA Ao MAE 27 AN =9 L 2A
7 $lstel 7] el AW WHH MRS WA 7 A4 KHPOS
0, 0.1, 02, 05 1.0, 15 20, 25, 3.0%7F HA H7lstd wjFsEA TF9 A%
2 $FEYe 2R #F BHSE 7] Qe 10, 15% SA #7he B¢
oA 44 D Hes Ao Fugen 20% oldel FEdAE 4% 2 4
g0l ZAaste A2FAE UEU T (Table 5. wWEkA, 3 it =& 1.25%
o9 gich



106 2 H-a3 8

6. e PN Ao nE BIAFY 9

75 BH52 bacteriocin A4te] "X & BE/49F I9FL 247 9
s F/19%E AL TBY dAv) Zze 2/9FE 0005%7 =
A #A7bstel wFaAA T P 2 bacteriocin WAL ZALG A, =
NedFE 2NAE A7 AUt & A S 98 bacteriocin Ako] F
AFHYY, 2 F CuSQs -5H0E HIIE H$o AA 9 bacteriocin A A
o] Az Uegdom ot s|&uA o) H 3 bacteriocin A4l 2wt =
7b9 o] QTH(Table 6). ©l 0.005% CuSOs-5H00 7120 F7t5dl 74
£ MgSOs- 7TH08 F2d= A7 A # 445308 AEH A3 MgSO0; -
TH:0E 7t Z5-7F A7bekA @2 399 H3 A% 2 bacteriocin A4to] F
fegon A3 MgSOs - TH09 FEE 001%2 RLZ Jehidth(Table 7). ©
g F& BHS: B7|9SE gAsomM 71Z¢ MRSHIA A sl 79
H|3] H 2 bacteriocin AAto] 4M|AE ZE AHE R},

7. ¥Rz A9 fermentation time course

50 HEZXE ol&3y At ©E #F BHSY A% 2L v AL
a3tk 7] glucose BEE 5%Z /Mt MRS dAHix 3¢7F =39
SQ jar fermentorol A ¥R o, HE7|Z F<¢ pHE 6022 =R T

£ 30T, 200pme2 $AaAt. I A3, Parente(1997)50] Bug vhs}
ii"T BH57F Aatste wtegle e A% di4r] Fwe] o ghgg e
YEl = primary metabolite kineticsE et #F BH59
gde AR 7)o Futd 8192AU/mME AU E JeEyglen, v
A 842 247 AE FAHGIE AAIE E7FA ol H FA3
BEE YAt (Fig. 2). #23% 7 €49 77t Jehvde
proteolytic enzyme©ll 28} urelg] e Ale] EiH AL, uhe 2419 ionic
hydrophobic interaction®] ¢}sf AAt#Fe] F2sl7] Q&9 Aoz wusz ¢l
(Parente 5, 1997). wetA ol& #HAey] e W
A AHAM FHAE AAT F, A5 pHE 2, 3 A
AU AL JHE AFgse Rl I o2 YR ti(Vuyst 5, 1992).

1
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Table 1. Effect of initial pH on the growth and bacteriocin

production in Lactococcus lactis BHS.

Initial pH Bacteriocin
of mediuI:n "Cell conc.(ODso) activity (Unit/me)

5.0 05 32

55 11 64

6.0 1.8 256
6.5 24 256
7.0 2.7 256
75 2.7 256
8.0 29 256
85 29 256
9.0 2.7 128

Strain BHS was grown at 30C in a 500ml-Erlenmeyer flask containing 50ml of
MRS medium

“Cell concentration and "bacteriocin activity were measured at time intervals
and expressed as the maximum value.
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Fig. 1. Effect of temperature on the growth(A) and bacteriocin production(B)
in Lactococcus lactis BH5
&, 25C; B, 30C; A, 35C; @, 37C
Cells were grown in a 500ml-Erlenmeyer flask containing 50ml of
MRS medium.



Optimization of fermentation conditions for the enhanced production of lacticin BH5 111

Table 2. Effect of carbon sources on the growth and

bacteriocin production in Lactococcus lactis BHb5.

Carbon sources  “Cell conc.(ODeso) "Bacteriocin
activity (Unit/me)
Not added 11 64
Glucose 2.4 956
Galactose 1.6 64
Fructose 1.4 128
Lactose 15 64
Maltose 2.0 64
Mannose 2.3 128
Xylose 2.0 64
Sucrose 23 64
Starch 1.3 16

Cells of Lactococcus lactis BH5 were grown at 30C in a 500ml-Erlenmeye

flask containing 50ml of MRS medium supplemented with 2% of each carbon source
instead of glucose.

Cell concentration and ®bacteriocin activity were measured at time intervals

and expressed as the maximum value.
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Table 3. Effect of nitrogen sources on the growth

and bacteriocin production in Lactococcus lactis BHb.

Nitrogen sources Final pH Cell conc. "Bacteriocin activity
(ODegeo) (Unit/ut)

Not-added 58 0.25 16
Beef extract 4.7 2.00 256
Casein 54 0.36 128
Peptone 4.8 165 256
Skim milk 55 0.35 128
Soytone 4.8 1.89 1024
Tryptone 4.7 1.89 1024
Urea 59 0.25 64
Yeast extract 49 1.96 512
NH.Cl 54 0.28 64
NH:NOs 5.5 0.28 32
Ammonium citrate 53 0.23 32

Cells were grown at 30°C in a 500ml-Erlenmeyer flask containing 50ml of MRS

medium supplemented with 196 of each nitrogen source instead of beef extract,

peptone, yeast extract and ammonium citrate.

Cell concentration and "bacteriocin activity were measured at time intervals

and expressed as the maximum value.
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Table 4. Effect of combination of nitrogen sources on the growth and

bacteriocin production in Lactococcus lactis BHS5.

. 2Cell conc. P"Bacteriocin activity
Nitrogen sources

(ODsso) (Unit/mé)
05% TP 1.8 1024
1.0% TP 2.0 1024
05% TP + 0.5% BE 2.0 2048
05% TP + 1.0% BE 2.3 2048
0.5% TP + 05% PP 2.0 2048
05% TP + 1.0% PP 2.3 2048
05% TP + 05% YE 2.3 2048
05% TP + 1.0% YE 2.6 2048
05% TP + 1.0% YE + 05% BE 2.9 4096
05% TP + 0.5% PP + 05% BE 2.3 2048
05% TP + 05% YE + 0.5% PP 2.6 2048
0.5% TP + 05% YE + 0.5% BE 2.0 2048
05% TP + 05% YE + 05% BE + 05% PP 2.9 4096

“Cell concentration and bacteriocin activity were measured at time intervals
and expressed as the maximum value.
Abbreviation : TP, Tryptone: PP, Peptone: YE, Yeastextract: BE, Beef extract
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Table. 5. Effect of inorganic phosphate concentration the growth

and bacteriocin production in Lactococcus lactis BHS

Concentration of Cell conc. Bacteriocin activity

K-HPO4 (%) (ODeso)® Final pH (Unit/mt)°
Not-added 26 45 2048
0.1 26 45 2048
0.2 2.8 44 4096
05 34 45 4096
1.0 42 46 8192
15 46 49 8192
2.0 43 56 4096
25 34 6.3 2048
3.0 26 65 2048

Cell concentration and Pbacteriocin activity were measured at time

intervals and expressed as the maximum value.
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Table. 6. Effect of trace minerals on the growth and

bacteriocin production in Lactococcus lactis BH5

Bacteriocin activity

Inorganic salts (%) Cell con:: ) (Unit/me)®
(ODgeo)

Not-added 4.7 4096
Mgs((’)rg;a;qso‘, 46 8192
MnSO;4 - H:0 47 8192
MgSOQO4 - 7TH20 46 8192
ZnSO4 - TH20 46 8192
CuSO0, - 5H:0 54 16384
FeSO; - TH:0 47 8192
CoCl; - 6H20 4.7 4096
CaClz - H:0 46 8192

Cells were grown at 30 C in a 500 mé~Erlenmeyer flask containing 50 mé

of TBY medium supplemented with 0.005 % of each inorganic salt instead
of MnSQO;4 - HXO and MgSOQO, - 7TH20.
“Cell concentration and Pbacteriocin activity were measured at time intervals

and expressed as the maximum value.
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Table. 7. Effect of MgSO, -+ 7H20 on the growth and

bacteriocin production in Lactococcus lactis BH5

Bacteriocin activity

Concentration of Cell conc.
MgSOs - THz0 (%) (ODeso)* (Unit/me)"
Not-added 56 12684
0.01 6.0 32786
0.05 6.1 32786
0.1 6.3 32786
05 6.0 32786
0.7 59 32786
10 6.0 32786

Cells were grown in a 500 m{-Erlenmeyer flask containing 50 m¢ of TBY medium

supplemented with 0.005% CuSQ; - 5H20 and the respective
concentration of MgSOQy - 7TH20 at 30 T.
®Cell concentration and "bacteriocin activity were measured at time intervals

and expressed as the maximum value.
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Fig. 2. Glucose fermentation time course of
Lactococcus lactis subsp. BH5
A, Growth(OD660); I, Bacteriocin activity; @, Glucose concentration
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