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The bacterial strain isolated from Kimchi showed antibacterial activity against Micrococcus luteus IAM
1056. The selected strain was identified as Lactococcus lactis by 16S rRNA nucleotide sequence analysis
and named as Lactococcus sp. KD 28. The treatment of culture supernatant with proteinase K removed
antibacterial activity, indicating its proteinaceous nature, a bacteriocin. This bacteriocin was sensitive
to hydrolytic enzymes such as a-chymotrypsion, trypsin, proteinase K, lipase, a-amylase and subtilisin
A. The bacteriocin was highly thermostable and resistant to heating at 80°C for up to an hour but
50 % of the total activity was remained at 100 for 30 min. The pH range from 2.0 to 8.0 had no
effect on bacteriocin activity and it was not affected by solvents such as acetonitrile, isopropanol,
methanol, chloroform and acetone up to 50% concentration. The bacteriocin showed antibacterial activ-
ity against M. luteus IAM 1056, Lactobacillus delbrueckii subsp. lactis KCTC 1058, Enterococcus faecium
KCTC 3095, Bacillus cereus KCTC 1013, B. subtilis KCTC 1023, Listeria ivanovii subsp. ivanovii KCTC
3444, Staphylococcus aureus subsp. aureus KCTC 1916, B. megaterium KCTC 1098 and B. sphaericus KCTC
1184. The bacteriocin was purified through ammonium sulfate concentration, SP-Sepharose chromatog-
raphy and RP-HPLC. The molecular weight was estimated to be about 3.4 kDa by tricine-SDS-PAGE

analysis.
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Table 1. Antibacterial spectrum of bacteriocin produced by L.

sp. KD 28
Test microorganisms Activity
(mm)
Micrococcus luteus TAM 1056 23

Xanthomonas citri KCTC 2499 -
Lactobacillus delbrueckii subsp. lactis KCTC 1058 11
Entrococcus faecium KCTC 3095 15
Salmonella typhimurium KCTC 1926 -
Escherichia coli KCTC 1041 -

Bacillus cereus KCTC 1013 10
Bacillus subtilis KCTC 1023 8
Listeria ivanovii subsp. ivanovii KCTC 3444 13
Staphylococcus aureus subsp. aureus KCTC 1916 16
Bacillus megaterium KCTC 1098 17
Bacillus sphaericus KCTC 1184 13

*The diameter of well is 6 mm.
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Sigma-Aldrich (St. Louis, MO, USA)AF| lipase (4,307 U/
mg) ¢t trypsin (13,500U/mg)< 50 mM tris-HCl buffer (pH
75), a-chymotrypsin (83.9 U/mg)¥} carboxypeptidase A (73
U/mg)+ 50 mM tris-HCl (pH 8.0), pepsin (3.280 U/mg)<
10 mM citrate (pH 2.0), a-amylase (519 U/mg)+ 0.1 M so-
dium phosphate (pH 7.0)o1 28 2 proteinase K (30 U/mg)
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Fig. 1. Scanning electron micrograph of bacterial isolate from
Kimchi.

Table 2. Susceptibility of the bacteriocin to hydrolytic enzymes

Enzyme Activity

Proteinase K -
Trypsin +
a-Chymotrypsin -
Pepsin +
a-Amylase

Carbocypeptidase A

Subtilisin A +
Lipase -

282 w33 o (Fig. 2).

skt AHEH
By 37t Aaksts vhe ] AL M. luteus IAM 1056, B.

megaterium KCTC 1098, B. subtilis KCTC 1023, B. cereus KCTC
1013, L. ivanovii subsp. Ivanovii KCTC 3444 and X. citri KCTC
2499 F=2 0% FE 7 WA &g el th(Table
1). 1% sAFdAE FL2HE et A dsked o«
deto] A4dstes whE e 241 proton motive forces &

Journal of Life Science 2015, Vol. 25. No. 2 183

AA Azl e ,
Folt A8eA Bah A% AR5, 29,

QA Ao B A]
F& AT e5E H]E*MS] 3% 37CoAA F5
glo] JojF o= whe] Aehy] AlZskl o 30T 25T
64123 124038 F =715 AR & Aetr] A3
L geET} BesE 2 x}a}x] 231 7 F=7171 2
AR yetou Mg F 2447t o] F= W g2 5ol
o] FAR AT 4E B THFig 3A). HH A F
He 25T A& 2442F 30T & 1243, 37Tl A
AZE o] FRE FFEAE Ueh 7] AlFske] v gzt
G5t wet FFgAgol Frkete] 30AEEEH Ho)
e L th(Fig. 3B).
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Atk 1 A ZM L. acidophilus7} AY4+3FE lactacin B 120T
oA 603t A std® T FAdE Wst e L.
plantarum LPC109] plantaricin SE 100C oA 27} 604 3}
308 EA2 A Aol WEA ol A Wb T3]
HhE, dof Aot 2 gEdel i RuMEEL
helveticus ¥+ 2 5-E] helveticin V-1829= 60Tl A E24 5

7] A 2Hske] 100C oA 308 gkl A4S 9o} 2xo Wzt
3 Ao7 BuHATH36]. 1Y I B. subtilis cx1 - ZHH 9
3 gadA ol ¢Hd FAH

P EA S 50T oA 1A12E Skl
T ALE vFo] Hol doj 3t Aol W HEe

o

HM0590241 Lactococcus lactis subsp. lactis culture-collection INATU 8

Lactococes sp. KD 28

48 HM 2180121 Lacrococcus lactis subsp. lactis strain MGC3-4
47 HM 2180731 Lactococcus lactis subsp. lactis strain NM14-4
46 HM 2181251 Lactococcus lactis subsp. lactis strain WNM25-4

45 HM 2181451 Lactococcus lactis subsp. lactis strain NM28-4
44 HM 2181471 Lacrococcus lactis subsp. lactis strain NM28-6
43 HM 2181741 Lactococcus lactis subsp. lactis strain WNM33-3
42 HM 2181761 Lactococcus lactis subsp. lactis strain NM33-5
41 HM 2181781 Lacrococcus lactis subsp. lactis strain NM34-2

Fig. 2. Construction of phylogenetic tree of the selected isolate.
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Fig. 3. Cell growth and bacteriocin activity grown at different
temperature. The bacterial strain, L. sp KD 28 was
cultivated in 100 ml of MRS broth at 37C, 200 rpm for
48 h. Three milliliters of culture were sampled every 6
h. Optical density at 600 nm was measured (A) and
culture supernatant was recovered by centrifugation
and used for determining bacteriocin activity by well
diffusion method (B). The symbols: -ll-, 25C; -4-, 30C;
-A-, 37C.

300
L &

Bacteriocin activity(AU/ml)
§ & B &

8

o . : . [ D
] 10 20 30 40 50 60
Time{min}
Fig. 4. The effect of heat treatment on bacteriocin activity. Culture
supernatant was incubated at indicated temperatures for
60 min and 0.1 ml of sample was taken at the interval
of 10 min and then residual activity (AU/ml) was de-
termined by 2-fold dilution and well diffusion method.
The symbols: - * -, 20C; -O-, 40C; -, 60C; -4-, 80TC;
-[]-, 100°C.

& F7F AH[16].

Table 3. Effect of organic solvents on the bacteriocin activity

Solvents Residual activity (AU/ml)
No solvent 264
Acetone 264
Acetonitrile 264
Chloroform 264
Ethanol 264
Isopropanol 264
Methanol 264

*Final concentration of solvent was 50% (v/v).

#7180 A

F7) 8ol o WA A9 50%(v/v)el acetone, aceto-
nitrile, chloroform, ethanol, isopropanol# methanol 5o =
T A BAem HPLC 717184 A 8o Aeel
o} % TH(Table 3).

pH WA
pH7} vte 2 2219 g8 Ao vAE FFS LdotRT]
A8} AEE pH 20004 pH 120 ¥l dFs e 5893
AR FIE L1R EJF F FeAA 8 MEE F
84S ZAY AAE e At (Fig. 5). pH 8.0704 9
FYoAM FEB2AS FA A= 2 -
o g fratdol A }O}L g g 2.4
& HolAY, ul-¢ F2 HH 9| pHolAw
A et I 9= L plantarum C-11°] g’;}d—% plantar-
icin A& pH 4.0~65 Atol & WYl A%t EAH& A3,
nisin®] 4% pH 200149 &4& A 5A % pH 8.0~
1209 &2 YoM e 40| Fadhs A02 HiHg]
o7). pH7t & 749 hydroxides ions, deprotonated
amines, deprotonated hydroxyl group® Z-2 nucleophile
dehydro residue®} ¥H-&-3to] &4 2+ 52 &2 W cross-link-
ages ¥43td 318td WIS 9O AU cofactor W0l 2t
AR ETH21].

G L EET L LR

T2 A dE A &4 oA TR Tt as

g %

%1

[=]
—

Bacteriocin  activity(AU/ml)

pH
Fig. 5. Effect of pH on the bacteriocin activity.
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€ 2mg/mle TE7F HES Hvbeto] WA & HHEE FAAEF JAPOR $5F AEE columndl T3
o] 445 ST A7, proteinase K| &A= et &4 o % 50 mM sodium phosphate buffer (pH 6.0) %3] &2 &
e adEo] ¢ GAEH0 I EEQ T %ol NaCl gradientE 20} F°f columnel] 2¢d &34 2-&
NS FAT 4 Y% th(Table 2). Y7 A F3) &40 43 F2A7 7:‘-‘JrE' M. luteus TAM 105691 & A 54 3]
osf gAo] 2AHA F& AL A, ok27Id, HEded, HE 2A A% 28 F 8510204 L8olA FatEAgol
Efo] 241, 7t 2 847 B H, 53 22 SolAQ ddi-97t Uetpth a4 £9< 54 9 §2 Az A7 Fof 3%
AAY A ALEEY FAE -Z]—Zé%r/}[ 4] @A 7} SRl &3 A/A RP-HPLCE &3 AAE st C18
T8 &4 lipase, carboxypeptidase A 2 proteinase Kol columnol| Al EBHe ] @418 AA = 2 AABH I o] wje] 2
e HH el EAol Aoz dlEY =4 ZuLEIY L Fig. 69 2T} C18 column. 2 #4¢ A3} o
de FAT F Ao dA R a o I P Y peak® FAHAIL peak’} YEIE 8-S I tri-
class II ¥tEl 2] 2 Ale] AH A A do|tH17]. cine-SDS-PAGE #7185l At&3tith.

202 w3 =0tETn ¥ Ha HPLC 0188 FH| Tricine SDS-PAGE H7|¥3

EeFE MRS dA A | A 30T, 48413t vl ek & LA RP-HPLCE &3l HF AAE e oA EAFs
Relste] do wjok A5 e g Al 4L 256 AU/ml ol 7] 93l tricine SDS-PAGE A7 95 & AA g

B <l
A, FAGRE FAWos PAE dHP e FHL Fig. 73 2tk AA 9 wteg e &d e s el
1,280 AU/mle.2 ZA4S derdat. £ 371 Aadste ot A% EF marker(Bio-Rad)¢t ¥l al gt A3} F 34 kDa<l

A7) ekl Mg Fed T SN ES Fit AFe THAE AoE FAHUY. BG F4TH S Lot
drF JAHoR A F oj2ud A=t vt st A7 YE & gels B 33 FHRTFE 301'?—7} 53]
4% HPLCE 2t AAIE A =3 Ao+ Table 49 2 AAHE & M. luteus ITAM 10567} %% ENB soft agarg &%

RO a2

Table 4. Purification of bacetriocin from culture supernatant of L. sp. KD 28

Purification step Volume Total protein  Activity — Total activity = Specific activity = Purification ~ Yield

(ml) (mg) (AU/ml) (AU) (AU/mg) fold (%)
Culture supernatant 500 20 256 128,000 6,400 1 100
Ammonium sulfate 50 1.6 1,280 64,000 40,000 6.25 50
Ion exchange chromatography 40 0.8 640 25,600 32,000 5 20
HPLC 1 0.01 5,120 5,120 512,000 80 4

Fig. 6. HPLC Chromatogram and confirmation of antibacterial activity. The active fractions from SP-Sepharose column chromatog-
raphy were dialyzed and freeze-dried. Dissolved concentrate was applied to reverse phase HPLC using Agilent Eclipse
XDB-C18 column (A). After washing with buffer A at the flow rate of 1.0 ml/min, acetonitrile concentration gradient from
0 to 100% was applied to the column. Each 1.0 ml of eluate was collected and bacteriocin activity of each fraction was
determined using the well diffusion method (B).



186 BB ULRIX| 2015, Vol. 25. No. 2
A KDa

266

16.9

14.4

o5 M—=—

3.5 ——— 3.4kDa

ate] HE g el g =
YA Bk ol Al o] HA
o & A4 L8d dHEH g
Tof &3 A ofr Akl
At Class 1la 28] 2419 £} 12 kDa ©|&}o|H 3~5
kDa W 9lol 4349 Listering 738t Ad)stA] Xdthe oA
o =E% AHANA BYSs | B AFdA AT dH e
A& Class Ila &9 &3the A & 5 AATH2, 24, 25].
£ gelo] Ut eV} Sits e A4 £ dhE g £
A7y g A 71ddst

A A A 2] G Ag 3 A
12]. &9 AFAEFA AA A A

3}

Poe vuA gt

>
ok
iy
™
oo o2

2]
rlo
o >
>
yo of

o

2

o 1=

i)
o,
iC)
to

ot
oX,

[¢]

L
ZAR 2

o] =& 2013~20149 & Fdehdtw A7H] g FA7Y
7 20139 % A3 A -5 7] 70 A (No.C0147509) 2] i
AR EUAEFYATAY 01495 A5 =S

2HEAAAA Y] Aol o3t ATEHAS.

References

1. Atrih, A., Rekhif, N., Michel, M. and Lefebvre, G. 1993.
Detection of bacteriocins produced by Lactobacillus planta-
rum strains isolated from different foods. Microbios 75,
117-223.

2. Ahn, J. E.,, Kim, J. K, Lee, H. R., Eom, H. J. and Han, N.
S. 2012. Isolation and characterization of a bacteriocin-pro-
ducing Lactobacillus sakei B16 from Kimchi. J. Kor. Soc. Food
Sci. Nutr. 41, 721-726.

10.

11.

12.

13.

14.

Fig. 7. Tricine-SDS-PAGE and activity detec-
tion of purified bacteriocin. Gel stained
with Coomassie brilliant blue (A). Gel
overlaid with ENB soft agar containing
1% of M. luteus IAM 1056 (B). Lane 1: pol-
ypeptide SDS-PAGE standards marker,
lane 2: purified bacteriocin.

. Buchman, G. W., Banerjee, S. and Hansen, J. N. 1988.

Structure, expression, and evolution of a gene encoding the
precursor of nisin, a small protein antibiotic. ]. Biol. Chem.
263, 16260-16266.

. Cho, J. S, Jung, S. T., Kim, Y. M. and Chun, U. H. 19%4.

Detection of the bacteriocin from lactic acid involved in
Kimchi fermentation. Kor. ]. Appl. Mirocrobiol. Biotechnol. 22,
700-706.

. Choi, E. M., Kim, Y. H,, Park, S. J., Kim, Y. M. and Kim,

S. K. 2004. Charcterization of bacteriocin iacticin YH-10, pro-
duced by Lactococcus lactis subsp. lactis YH-10 isolated from
Kimchi. J. Life Sci. 14, 683-688.

. Choi, S. Y. and Bouchat, L. R. Growth inhibition of Listeria

monocytogenes by a bacteriocin of pediocuccsu acidilactici M
during fermentation of Kimchi. Food Microbiol. 11, 301-307

. Daeschel, M. A. and Mckenney, M. C. 1990. Bacteriocidal

activity of Lactobacillus plantarum C-11. Food Microbiol. 7,
91-98.

. Delves-Broughton, J. 1990. Nisin and its uses as a food

preservative. Food Technol. 44, 100-117.

. Delves-Broughton, J., Blackburn, P., Evans, R. J. and Hugen-

holtz, J. 1996. Application of the bacteriocin, nisin. Antonie
van Leeuwenhoek 69, 193-202,

Deraz, S. F., Karlsson, E. N., Hedstrom, M., Andersson, M.
M. and Mattiasson, B. 2005. Purification and character-
ization of acidocin D20079, a bacteriocin produced by
Lactobacillus acidophilus DSM 20079. ]. Biotechnol. 117, 343-
354.

Elegado, F. B, Kim, W. J. and Kwon, D. Y. 1997. Rapid puri-
fication, partial characterization, and antimicrobial spectrum
of the bacteriocin, Pediocin AcM, from Pediococcus acidilactici
M. Int. ]. Food Microbiol. 37, 1-11.

Ennahar, S., Sachihara, T., Sonomoto, K. and Ishizaki, A.
2000. Class ITa bacteriocins : biosynthesis, structure and
activity. FEMS Microbiol. Rev. 24, 85-106.

Granger, M., Todorov, S. D., Matthew, M. K. A. and Dicks,
L. M. T. 2005. Growth of Entrococcus mundtii ST15 in me-
dium filtrate and purification of bacteriocin ST15 by cati-
on-exchange chromatography. J. Basic Microbiol. 45, 419-425.
Jung, S. Y., Choi, J. I, Joo, W. H,, Suh, H. H, Na, A. S,



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Cho, Y. K, Moon, J. Y., Ha, K. C, Paik, D. H. and Kang,
D. O. 2009. Characterization and purification of the bacter-
iocin produced by Bacillus licheniformis isolated from soy-
bean sauce. ]. Life Sci. 19, 994-1002.

Kim, D. S. 2002. Characterization of the bacteriocin from
Lactobacillus sp. Oh-B3. Kor. ]. Microbiol. Biotechnol. 30, 184-
188.

Kim, S. I, Chang, J. Y., Kim 1. C. 2001. Characterization of
bacteriocin from Bacillus subtilis cx1. Kor. J. Appl. Microbiol.
Biotechnol. 29, 50-55.

Klaenhammer, T. R. 1993. Genetics of bacteriocin produced
by lactic acid bacteria. FEMS Microbiol. 12, 39-86.
Kuipers, O. P., Rollema, H. S., Yap, W. M. G,, Boot, H. J.,
Siezen, R. ]. and DeVos, W. M. 1992. Engineering dehy-
drated amino acid residues in the antimicrobial peptide
nisin. J. Biol. Chem. 267, 24340-24346.

Shin, M. S.,, Han, S. K, Ryu, J. S. and Lee, W. K. 2008.
Isolation and partial characterization of a bacteriocin pro-
duced by Pediococcus pentosaceus K23-2 isolated from
Kimchi. J. Appl. Mircobiol. 105, 331-339.

Lee, H. ], Joo, Y. ], Park, C. S, Kim, S. H,, Hwang, I. K,,
Ahn, J. S. and Mheen, T. I. 1999. Purification and character-
ization of a bacteriocin produced by Lactococcus lactis subsp.
lactis H-559 isolated from Kimchi. ]. Biosci. Bioeng. 88, 153-
159.

Liu, W. and Hansen, J. N. 1990. Some chemical and physical
properties of nisin, a small-protein antibiotic produced by
Lactococcus lactis. Appl. Environ. Micrbiol. 56, 2551-2558.
Xiraphi, N., Georgalaki, M., Rantsiou, K., Cocolin, L., Tsaka-
lidou, E. and Drosinos, E. H. 2008. Purification and charac-
terization of a bacteriocin produced by Leuconostoc mesenter-
oides [E131. Meat Sci. 80, 194-220.

Oh, S. ], Kim, S. H, Ko, Y., Sim, J. H,, Kim, K. S., Lee,
S. H,, Park, S. S. and Kim, Y. J. 2006. Effect of bacterioicn
produced by Lactococcus sp. HY 449 on skin-inflammatory
bacteria. Food Chem. Toxicol. 44, 1184-1190.

Singh, P. K., Chittpurna, A., Sharma, V., Paril, P. B. and
Suresh K. 2012. Identification, purification and character-
ization of Laterosporulin, a Novel Bacteriocin Produced by
Brevibacillus sp. strain GI-9. PLoS One 7, €31498.

Satish Kumar, R. and Arul, V. 2009. Purification and charac-
terization of phocaecin PI80: an anti-listerial bacteriocin pro-
duced by Streptococcus phocae PI80 isolated from the gut of

26.
27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Journal of Life Science 2015, Vol. 25. No. 2 187

peneaus indicus (Indian White Shrimp). ]. Microbiol.
Biotechnol. 19, 1393-1400.

Schagger, H. 2006. Tricine-SDS-PAGE. Nat. Protoc. 1, 16-22.
Schagger, H. and Von Jagow, G. 1987. Tricine-sodium do-
decyl polyacrylamide gel electrophoresis for the separation
of proterins in the range from 1 to 100 kDa. Anal. Biochem.
166, 368-379.

Schilliger, U. and Lucker, F. K. 1989. Antimicrobial activity
of Lactobacillus sake isolated from meat. Appl. Environ.
Microbiol. 55, 1901-1906.

Senbagam, D., Gurusamy, R. and Senthilkumar, B. 2013.
Physical chemical and biological characterization of a new
bacteriocin produced by Bacillus cereus NS02. Asian Pac. ].
Trop. Med. 6, 934-941.

Severina, E., Severin, A. and Tomasz, A. 1998. Antibacterial
efficacy of nisin against multidurg-resistant Gram-positive
pathogens. . Antimicrob. Chemother. 41, 341-347

Susan, F. B. and Klaenhamer, T. R. 1983. Detection and ac-
tivity of lactacin B, a bacteriocin produced by Lactobacillus
acidophilus. Appl. Environ. Microbiol. 45, 1801-1815

Tagg, J. R. and McGiven, A. R. 1971. Assay system for
bacteriocins. Appl. Microbiol. 21, 943.

Tagg, J. R, Adnan, A. S. and Wanna Marker, L. W. 1976.
Bacteriocin of Gram positive bacteria. Bacteriol. Rev. 40,
722-756.

Tahiri, 1., Desbiens, M., Benech, R., Kheadr, E., Lacroix, C,,
Thibault, S., Ouellet, D. and Fliss, 1. 2004. Purification, chac-
terization and amino acid sequencing of divergcin M35: a
novel class [Ia bacteriocin produced carnobacterium diver-
gens M3b. Int. ]. Food Microbiol. 97, 123-136.

Toshihide, K., Tadao, S., Yasushi, K. Junko, U. and
Takatoshi, I. 1997. Production, purification and character-
ization of reutericin 6, a bacteriocin with lytic activity pro-
duced by Lactobacillus reuteri LA6. Int. |. Food Microbiol. 34,
145-156.

Yamamoto, Y., Togawa, Y., Shimosaka, M. and Okazaki, M.
2003. Purification and characterization of a novel bacteriocin
produced by Enterococcus faecalis strain R]-11. Appl. Environ.
Microbiol. 69, 5746-5753.

Vaughan, E. E,, Daly, C. and Fitzgerald, G. F. 1992. Identifi-
cation and chracterization of helveticin V-1829, a bacteriocin
produced by Lactobacillus helveticus 1829. ]. Appl. Bacteriol.
73, 299-308



188

BB ULRIX| 2015, Vol. 25. No. 2

P
Ju

: ZAXIIM E2I8t Lactococcus lactis7} Matst= HiEH2|2A19] HA| & EM

o|x|2d? - z|tAlT . MAAR . 23193t . 2y

(RS Ba S, FAdsa ety A3 FGAERA, SHETANG L 4 F 94

AAZHH £e3 L sp. KD 282 Etol =4 22 Beg el *ﬂ’%P%lE} of ¥

motrypsin, proteinase K, lipase, a-amylase, carboxypeptldase A &40 gis|A v UEs e Y w2
pH 200141 ¢ 7149 pH 807k = G284 S 205 $A3+50 pH 80 o 4ol A= 2Bl 745
A Zste pH 120014 E 25% 2 #4389t L sp. KD 28+ 165 rRNA 224558 £4& & A3 L. lactis
o 99% AEAHe Btk =3 AA A 23 L. sp. KD 28¢] A4t HHE| 2] 2412 acetonitrile, isopropanol,
methanol, chloroform % acetone 59 #7181 #F F% 50%0AH dFSA 2 JFS iz ookt & kA A 9
73 80C7HA 3 /\17}91 Aol AP 100CAA = 208 ool Aol s FFgA o] FHadho
5083 AAE S A5 G Aol UetA gtk £ o] HH S 7 FAETE FH AEd M lu-
teus IAM 1056, L. delbrueckii subsp. lactis KCTC 1058, E. faecium KCTC 3095, B. cereus KCTC 1013, B. subtilis
KCTC 1023, S. aureus subsp. aureus KCTC 1916, B. megaterium KCTC 1098, B. sphaericus KCTC 1184 @ L. ivano-
vii subsp, ivanovii KCTC 3444 5o tidjA 484 S BH. v 2] £41& SP-Sepharose 0| =W AR ETD
B2 BE JAF F RP-HPLC & F84 HFH 22 HAG tricine-SDS-PAGES 53] EA#HS geld 2
3 o 34 kDaZ UrElsth





