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SUMMARY

I. The purpose of Study

The purpose of study is to develop lactose-hydrolyzed milk with low
sweetness by using nanofiltration method, to evaluate nutritional quality of
lactose-hydrolyzed milk in mouse feeding experiment, to purify and
characterize psychophillic [-galactosidase from Pantoea spp. and Candida

kefyr. and to characterize [i-galactosidase gene cloned into Pichia pastoris.

II. Results and Conclusion

1. Development of lactose-hydrolyzed milk with low sweetness by using
nanofiltration

lactose-hydrolyzed milk was concentrated 1.6 times by using
nanaofiltration membrane and reconstituted to original volume by adding
water. The reconstituted lactose-hydrolyzed milk had similar sweetness as
milk. The contents of calcium, phosphorus, and vitamin Bz in the
reconstituted lactose-hydrolyzed milk were 96%, 91%, and 80% of those of
milk, respectively. However The contents of calcium, phosphorus, and vitamin
B2 in commercial reconstitute lactose—hydrolyzed milk were 929, 819, and
80% of those of milk. The reconstituted lactose-hydrolyzed milk was proved
to be nutrjtionally better than the commercial reconstituted lactose—hydrolyzed

milk.

2. In vivo Utilization by white rat of Calcium in Lactose-Hydrolyzed Milk is
concentrated by using Nanofiltration

Twenty of Sprague-Dawley male rats with the weight of 180g each were
divided into two groups. Milk powder and lactose hydrolyzed milk powder

were provided as the source of protein and calcium. Mineral mixture adjusted

to the AIN-93 was provided in the feed for six weeks. Calcium utilization



was measured by metabolic experiment. There was no difference between the
experimental groups in diet intake, body weight and FER. There was no
difference between the experimental groups in the contents of calcium,
phosphorus and creatinin in serum, and the ALP activity. There was no
difference in the contents of calcium of liver and kidney. There was no
difference between the experimental groups in the weight and length of the
bone and its calcium content. However, the weight of bone per unit of body
weight(100g) was significantly high in the group that lactose hydrolyzed milk
was provided(p<0.05) and the content of ash of the bone was significantly
high in the group provided with milk powder (p<0.05). The blood glucose
was not significantly different, however it increased gradually in the group
provided with lactose hydrolyzed milk powder during experimental period.
The excretion of calcium in feces was significantly high in the group that
lactose hydrolyzed milk powder was provided(p<0.05), and there was no
difference between the experimental groups in calcium intake, urinary calcium
excretion, calcium absorption, calcium retention. These results showed that
the lactose-hydrolyzed milk powder is no less nutritionally effective on the

body than milk powder.

3. Biochemical Characteristics and Lactose Hydrolysis Activity in Milk of
Psychrotrophic [i-Galactosidase from Pantoea sp. B-1

The specific enzyme activity of the purifed [B-galactosidase was 285
times higher than that of cell-free extract of Pantoea sp. B-1 isolated from
humus soil. The specific ONPG-hydrolyzing activity at 30C of the purified
enzyme was 156.8umol/min - mg. The optimum temperature and pH for the
enzyme activity was 45Cand 55~7.5, respectively. The enzyme activity was
inactiviated at the temperature above 45C. The lactose-hydrolyzing activity of
the purified [-galactosidase in the milk was higher than that from

Excherichia coli and lower than Validase from Kluyveromyces lactis.
4. The purification and characterization of f-galactosidase from Candida kefyr

Y-3

The specific enzyme activity of the purifed [i—galactosidase was 1,200

_10_



times higher than that of cell-free extract of Candida kefyr isolated from
milk. The specific ONPG-hydrolyzing activity at 30C of the purified enzyme
was 113.6gmol/min - mg. The optimum temperature and pH for the enzyme
activity was 35Cand 7.5, respectively. The enzyme activity was stable at 2

0C and inactiviated above 30C.

5. Isolation and selection of [i—galactosidase-producing psychrophilic bacteria
Ten strains of [i-Galactosidase-producing psychrophilic bacteria was
isolated from farm milk in Korea, Himalaya Nepal, Northern region of Alaska,
and antiarctic area. There were identified six strains of Hafnia alvei,
Arthrobacter  psychrophilus, Serratia  grimesii, Rhanella  aquaticus,
Pseudoalteromonas sp. Their optimum temperature and pH and heat stability

was determined.

6. Isolation and characterization of psychrophilic fi-galactosidase gene

The [—galactosidase gene was isolated from the bacterial strains of
MC14-3(A1), MC14-3(A3), N12-5 and MB26-4. The isolated genes were
named MC14-3(Al)f-gal, MC14-3(A3)f-gal, and N12-5f-gal and their DNA
sequences were determined. The gene isolated from MB26-4 was identical
with MCI14-3(Al)fi—gal. The gene of MC14-3(Al)fi—-gal consisted of 888 bp
containing N-terminal region of the [i—galactosidase gene and 109 bp
containing C-terminal region of pRSET C including terminal codon.
MC14-3(A3)E-gal contains 918 bp. The optimum tempeature and pH of [
—galactosidase of MCI14-3(Al)i-gal were 37C and 6.8, respectively. The
optimum temperature and pH of [i-galactosidase of MCI14-3(A3)E-gal [

—-galactosidase were 37C and 7.2, respectively.
7. Production of recombinant [i-galactosidase and lactose hydrolysisL

The gene of MC14-3(Al)fi-gal was synthesized by PCR and inserted into
YT&A vector. The inserted vector was digested with HindIl and

_11_



MC14-3(Al)E-ga was inserted into pRSET C. The pRSET C vector was
digested with EcoRI and the resultant DNA fragment containing
MA14-3(Al)i-gal was inserted into pPICZa C. The vector was used to
transform Pichia pastoris. pPICZa C containing Lac-MA14-3(Al) was
integrated into chromosomal DNA of Pichia pastoris X-33. The integrated
Pichia pastoris X-33 which was determined to containing the gene using
PCR didnot produce the enzyme in BMMY broth at 20C and 30C. The
characteristics of lactose hydrolysis by recombinant [i-galactosidase was

determined.

_12_
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Table 1. Chemical compositions of milk, lactose-hydrolyzed milk and its

retentate and filtrate obtained after nanofiltration at concentration factor of 2.1

Composition Réw Lactose—h.ydr Retentate Permeate
Milk olyzed milk

Solid (%) 13.0 129 23.4 4.4
Crude protein (%) 3.34 3.37 6.70 0.14
Milk fat (%) 4.3 4.3 9.2 0

Crude ash (%) 0.71 0.71 1.33 0.31
Lactose (%) 4.83 0.43 0.73 0.23
Glucose(%) 0 2.26 2.73 2.17
Galactose (%) 0 1.76 1.95 1.66
Ca(mg%) 1171 112.7 166.3 6.07
Na(mg%) 36.9 38.8 41.7 32.4
Riboflavin (mg%) 0.08 0.07 0.12 0.03

=
Hlo] sleko g By AAS= Aol HElstar A Esttl. Nanofiltration membrane
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Table 2. Concentration factor and coefficient of retention of chemical

components in nanofitration of lactose-hydrolyzed milk at the concentration

factor of 2.1

Composition Concentration Coefﬁcie.nt of
factor retention
Solid (%) 1.81 0.81
Crude protein (%) 1.99 0.98
Milk fat (%) 2.20 1.00
Crude ash (%) 1.87 0.77
Lactose (%) 1.70 0.68
Glucose(%) 1.21 0.21
Galactose (%) 1.11 0.15
Ca(mg%) 1.48 0.96
Na(mg%) 1.07 0.22
Riboflavin (mg/ ¢ ) 1.72 0.76
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Table 3. Chemical compositions of raw milk, market milk, nanofiltrated

lactose—hydrolyzed milk and ultrafiltrated lactose-hydrolyzed market

Ultrafiltrated Nanofiltrated
. Raw Market
Composition ) . lactose-hydrolyzed lactose-hydrolyzed
milk mil ] )
market milk milk
Crude protein (%) 3.14 3.13 3.36 3.10
Milk fat (%) 35 35 35 35
Lactose (%) 5.00 4.95 0 0.06
Glucose (%) 0 0 151 1.45
Galactose (%) 0 0 1.41 1,29
Ca (mg%) 101.1 98.5 92.9 975
P (mg%) 86.0 80.6 69.8 78.1
Na (mg%) 46.4 41.9 33.8 355
Riboflavin (mg%) 0.10 0.11 0.08 0.08

A 44 8 oF
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olo] Z+7} 975mg%¥ 929mg% = AlAE L JE T I FFEH 72
781mg%# 69.8mg% Rt =hth o] Ao A sdtE o
AN#E 1 9 ool dRe] 7 wBop 2t oo &Aoo Ao 943 W

ol o}
A5 A Fafd

1. Boey, C.C. 2001. Lactase deficiency among Malaysian children with
recurrent abdominal pain. J. Paediatr. Child Health. 37:157-60.

2. Jackson, K.A. and Savaiano, D.A. 2001. Lactose maldigestion, calcium
intake, and osteoporosis in African—-, Asian-, and Hispaic—Americans. J. Am.
Coll. Nutr. 20:1985-207S.

3. Kim, JW. 1994. Studies on the lactose intolerance of Korean. Korean J.
Dairy Sci., 16:105-114.

4. Kohler, ].J., Erickson, A.B., Meyer, JL. 1994. Method and apparatus for
producing reduced lactose milk. U.S. patent, 5,357,852.

5. Lange, M. 2003. Process for making a lactose—free milk and milk so
processed. U.S. patent 20030031754.

6. Mattila-Sandholm, T. and Saarela, M, 2003. Functional dairy products,
Woodhead Publishing Ltd pp. 9~10

7. Nystrom, M., Kaipia, L. and Luque, S. Marianne, 1995. Fouling and
retention of nanofiltration membranes. J. Membrane Sci. 98: 249-262).

8. Renner, E. and Abd El-Salam, M.H. 1991. Application of ultrafiltration in
the dairy industry, Elsevier Applied Science.

9.. Tossavainen, O. and Sahlstein, J. 2003. Process for producing a
lactose—free milk product. WO 03/094623.

10. Vesa, T.H., Marteau, P., Korpela, R. 2000. Lactose intolerance. J. Am. Coll.
Nutr. 19:1655-175S.
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= relu dutel Ayl wiEel Aol =A Xekw e Ae ol
TFEA o RA ARt og dYgae] &4 9 olHAE AT F At ol
g dHe AMAsy] fste] el FEESHEAE Hbst] fFEe EEAR
H#E nanofiltration 9] AR S o] &ate] 53 & gy deE2o] HlE
S AAds xday Zwst, dgrd &4, #AvE AAANZE Aok
Nanofiltration 9 o#H & =3 G FHA7L F=4, g @ Sde
Adegrer w59 ¢ e BHeR Zad ¢ 9 AlgHle E45 Hadoew
g g otk webA 2 A o2l TS AA AMLE fFREdeFE Ad
s=o FaEste]l FEE el ddSH wAHAd A ZeolddS AES

LA &

A2 A Qs 9

S °F 180g®] Sprague—Dawlry & 7 213 207 &S 270 % Uol

2A9 APTE AR (RE 22+2C, ddHEE 656+556%, =¥ 06:00
Pm) oA stainless—steel wire cage ©| 3t wg]® 2] A}S38F%
= Aol wek ¢ o] miAE AT Ee A Aot ol
= AAF W (ad libitum) &2 5ok thAF cagest ARl AREE EE
71T F71A LdE 1Y) 913 0.4% EDTAR A& § o5z o] A

=
AR T AT Aol AR T 2ol Y G Al S8t

o
i)
it
0 2
M O

gkl A 3t

At AF2ol= AHA 2 o] (semipurifided diet) 24 FwFatd Ad+S 24
vl ® SAEA FEdEd FHE FEsty F1ES AIN-93 FHE ¥
wotel 677 AFAIEE  AlFSTE AT A Aol Table 13 2
o T Axe AT AFEdels AakEE - 80kgel B

—galactosidase (Validase, Valley Research) 24mlE H7}sto] 4TColA 244
b wigkste] fEEEleRE Axzselt fEdEsll & nanofiltration
membrane (model number DL4040F1020, Osmonics)°l ¢ 33s}o] 36kgo =2

TE5FT. FH FEEIAMS-FE 57 F7] (Production Minor  Spray
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T FFe SR T A
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Fo 243} A9 FFS 0FF F(1993)0] AH§E P

Howg HAsYGTE AAHE TCA(tricholroacetic acid)£do =2 Autws F
1% LaCl, Lo g 3] 4] &} o ARE 33 = A (Atomic absorption
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spectrophotometer ; Hitachi Z—6000) 2 422.7nm°|A Z&#SHFS S
2, A, "dEES 105110C Azx7|olA 12413 5k oH)
07600C3]|stZ A 67 8AIZF 3l3tsle] & 3]wS HCI(IN)EHo 7 833t

1% LaCl, 902 345t AAFIIEAR 24 33 PFagich.
7 KN

gt
2
lo
M

e

de w571 Slstol de, AR, W, R, w0 Aedds

A1 1 "o ¢l creatinine, ALPS} W2 FA & =A%

@A I= SPSS program= ©lg3to] Zt AdALvid By A= Al

AbaEd ar, 719 Zpo]lE Student's t—test® A5}

Table 1. Composition of experimental diet (g/kg)

Groups”
FFM LHM
Ingredients
Starch 502.52 523.22
Casein 29.9 9.2
Milk powder 300 -
Lactose hydrolyzed
. - 300
milk powder
Soybean oil 67 67
u—Cellulose 50 50
Vit. Mix” 10 10
Min. Mix 357 35"
L-cystine 3.0 3.0
Choline bitartrate 25 25
THBQ 0.008 0.008

1)FFM: The group that milk powder was provided, LHM: The group that lactose
hydrolyzed milk powder was provided

2) Vitamin. mixture : AIN 93
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3) Mineral mixture(g/kg mix.) : Caz(P04)s 4.23 ; MgSO4, 38.1 ; Fe—citrate, 5.01 ;
CuSO45H20, 1.53 ; MnSOs#H20, 0.74 ; ZnCly, 4.43 ; Is, 0.002 ; (NHy)sMo-70244H20,
0.025 ; and Sucrose, 945.93
4) Mineral mixture (g/kg mix.) : Caz(P04),, 3.03 ; MgS0Q4, 22.7 ; Fe—citrate, 4.98;
CuSO45H20, 1.49 ; MnSO4H20, 0.74 ; ZnCly, 4.11 ; Iy 0.002 ; (NHy)sMo-70244H:0,
0.025 ; and Sucrose, 962.92

A3 A Ay gl uz

Ars Rl FREAELE HUbsl  #de RAAT dRE
nanofiltration 2o ¥}H]
3] xzdste] sid
Feta wAR A Al AgoldAdS HES A st
Sprague — Dawley &= F7 3H 200v8)E 218502 UF & 2534
SAEF BT R E sEete FUIAS AIN-93 HHE ¥E
TR AMA S AlBE & oo Zgy Q ¥, 99, AdlotHd %
ALPO] &4, b3t Ao A, Zaa 39 o ““1-4 Zad 33
Aol, Tt 2w o =
1. 2ol A=, AT, Holag> A%
2. @39 Zw, 21, AdotEd sk ALP &4 AT 9] AolE Hol
A ekskoh.

3. 3 A g RS AfolE KolA skt

4. we] FA, dol, Ze] TR AT Fe] AolE HolA ekgtont whe
W (p<0.05), 329 &= &

5. 992 Aol7} flloy FdEal-¢
g Bl

6. 2o thAHddd = Me S8 Zg] o] FRusl i+ ol x
.

B, Z’j}% E%"% AFo] 7k it
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Table 2. Weight gain and feed efficiency ratio in rats fed experimental diet

Group Initial body wt. Final body wt. Weight gain Feed intake Feed efficiency

b (g) (g) (g/d) (g/d) ratio
FFM  181.47+253 365.67+6.40 6.58+0.24 22.14+1.35 0.30+0.01
LHM  17870+3.47 341.33+8.09 5.81+0.38 19.49+0.62 0.30+0.02

Y Co: Control, FFM : Fat free milk diet, LHM : Lactose hydrolyzed milk diet

Values are mean*SE

All values are not different significantly

Table 3. Concentration of calcium, phosphorus and creatinine and ALP

(alkaline phosphatase) activity in serum

Group Ca(mg/dl) P(mg/dl) Creatinine(mg/dl)  ALP(K-A)
FFM 11.67+0.08 7.72+0.14 66.47+2.05 0.28+0.09
LHM 11.54+0.17 7.94+0.12 61.24+£2.25 0.28+0.08

Values are mean*SE

All values are not different significantly

Table 4. Weight and calcium in liver and kidney of the rats

Liver Kidney
Wet wt
Group
Wet wt water Ca/wet Wet wt  /100gBW water Ca/wet
ash(mg/g)
(g) (%) wt(ng/g) (g) (mg/100gB (%) wt(ng/g)
W)

FFM 959+0.37 373.06+1.52 69.59+0.1 38.08+3.73 2.16+0.04" 0.59+0.01 75.03+0.17 132.40+8.26

LHM 991+053 373.74+1.54 70.43+0.35 37.74+1.95 226£0.02° 0.67+0.02 76.46+0.24 126.02+15.62

Values are mean®E=SE N.S : Not significant
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Values with different superscipts are significantly different at p<0.05

Table 5. Weight, ash and calcium contents in liver and kidney

. Kidney
Liver

Group
wt(g)  ash(mg/g) calcium(pg/g) wt.(g) ash (mg/g) calcium(ug/g)

FFM 9.59+0.37 373.06£1.52 38.08+3.73 2.15+0.03  235.29+0.33  132.40+8.26

LHM 991+0.26 373.74+1.54 37.74+1.95 2.26+0.02  234.60+1.14  126.02+5.62

Values are mean®=SE N.S : Not significant

All values are not different significantly

Table 6. Wet weight, length, ash and calcium content of femur

Wet wt Ca%
Grou Wet wt Length  water Ash Ca
@  m  co  TEEY e g (VA
(o]

FFM 0.84+0.01 3.61+0.01 31.30+0.57 230.01+543" 422.87+2.81" 137.93+15.23 32.66+3.68

LHM 0.86+0.02 3.61+0.02 33.91+0.41 252.25+3.87" 407.07+650° 118.64+4.75 29.20+1.28

Values are mean*SE

Values with different superscipts are significantly different at p<0.05

Table 7. Concentration of blood glucose during experimental period.

Group 0 week 1 week 2 week 3 week 4 week 5 week 6 week

FFM 121.71£3.19 118.71+2.34 121.29+2.83 118.14+5.57 124.14+4.28 132.00+2.13 133.05+3.03

LHM 118.25+3.03 121.50+4.78 125.63+2.76 126.50+3.57 127.88+2.80 127.50+2.16 128.59+3.37

Values are mean®*SE
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All values are not different significantly

Table 8. Ca intake, Ca excretion, Ca absorption and Ca retention

Ca intak Fecal Ca Urinary Ca Apparent Ca Apparent Ca Ca Ca
a intake
group (me/day) excretion excretion absorption absorption  retention retention
mg/day
(mg/day)  (mg/day) (mg/day) (%) (mg/day) (%)

FFM 70.16+4.69 17.16+1.15" 0.12+0.01  53.12+2.26  76.43+2.08 53.02+2.14 72.21+1.92

LHM 74864418 26.12+¢1.08" 0.08+0.03  49.644535 66.32+2.18 49584537 67.71+2.17

Values are mean®SE

Values with different superscipts are significantly different at p<0.05

@9l =57 (100g) F
Epst 01 (p<0.05), 3]
¥ gARrol =A YERGTH(p<0.05). 2y FEY I we] vt
HEEA] AASHA] = ot Halso] Qlorm R o] A= A #w 9 o84

of F3t onE Hojsittyus B ¢ v o]t £ A& nanofiltration
]

eSS PRI e EREREE I
olAA ¢ FERUFS U £ Qb foF AFOLY AEFEAE
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(Holsinger, 1978). ez tol o3 #37FriEs] Al (Mann¥t Thompkins,
1988; Baik &, 1980) HAL, FAtS H7bete] RS LEAIF o RA
T3 A3 AE A AF(Montess, 1995 Rosados, 1992, Tianan%,
1996)7F At
[i-Galactosidase F+AI%2 F9& 7tewslste] fFdastdolE ol

ArE=E Eoledl o] &H

ol
L
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i

bifidobacteria®] A& TIIA7I= AHESHaTFo Axd ol&HdTH(o] T,
2003).

[f-Galactosidase(ff-D-galactoside galactohydrolase, (EC3.2.1.23)2 =} A of
gy BIsE 422 HE5(Got 5, 1964 : Shukla, 19750 Gray % 1975), &%
(Mahoney &, 1978 : Dickson &, 1979 : Van Huynh. &, 1985 : Castillo &,
1983), &3 °](Greenberg 5, 1981 : Park % 1979 : Takenishi %, 1983)9} #&
mAEA E Ao Zae] st 54 G490 YA o] &
H A7 Fgsol Rmausa 9l B-Galactosidases [-D-galactoside 2%

(i

o
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MeREEE &aolH, B4 EE O OB(I-6) AFS JHAm Qe
oligosaccharides 7}+3ll gHth(Nijpels &, 1892).

AL mAESC] ANEE E4ES T4 247}
0720C 9] ¥ 2RoME 2 34 &4 7ML Slo] ¢/ AL fFF 3
A Fo EAE AT F AdS oz 7)g Fr}. Brenchley(1996)E =3 &%
ol EAhEAo] =& ZWA [i-galactosidaseE WAste HEE S

[e]
o
ol &3 4 = ZFeAS AT Loveland(1994)= 2 259 27 o A
q

23 YA o] AAGE EAE Be 2udi =S FAS zta glow,
283t #& Arthrobacter24 2% &= = 40CeolH HH2== 20T |8}
21 Bt

4 pHolA 2485 74 dvkar Bastalon st
frell H7tste] &% A T S Téllstes AS Ale Atk McCammon
5 (1998)2 =l [-galactosidaseE A= TFE EFI o olE
a3 A 2 M EE Flavobacterium spp. o2 il A4 &%+ 3
I HAALGEEE -TCo M HAEE 26T ol ATh
E A E THESNA 23t sYAl Ao Z5E [-galactosidasesS

SRS B2 ARGAEL SR 4 B sEE 2

1. YA P-galactosidase A4+ vlAE9] &2 2 A

D EY AR
AEd Tt G g B Ede AFst] 4TE AFste] d¥d=

Al

&3]

Mo
19
ofs

o

)

24

o
ol

o

32

o

gl

) MAES F8 9@ A
AHAGN 2 EYS 2% NS oA B5F5te] 7Co R#3H 7T 50mg
/mle]  X-Gal(5-Bromo-4-Chloro-3-indoly-fi-D-galactoside) 7} ¥3%t%l  Tryptic



o

Soy Agar(Difco, USA)e]l =3t & 10T 797k w<ksle] 243 w4 gt

At s AU,

2. Pantoea spp. B-19] A

7 s 548 v FE 53 06%)0] £3E Tryptic Soy Agarol] =%
sto] 37TColA 24A17F v gt 5 oxidase test$} oxidation - fermentation testE
A A5k API kit 20E(Biomerieux sa, France)E AFg3dte] A4 sty a3 A4S

sttt

B3 ATS F906B%)e] E%E Tryptic soy broth 72 1% HE3sle] 1

5Cel A o] &3t wjeksle] wikolS 3000rpmoll A 30%3F A4l #elste] A5
= HEx TAE Rop A SFAelds(PBS, pH7.2) 0= 23] AFH3 ¥

20mM Tris(pH 8.0)°] #Atste]l %3 7] (Sonics & Material Inc. Vibra
celDZ AF&3Fo] 75% Amplituded] Al pulse on 2.5%, pulse off 5% & Ao W
Zhaba A d At ol Ao o w AS At T o 74A AEEE b
3k 10,000rpmoll Al 203 A4 EEste] AEHAS AE FEHORE ALES)

o]
AR

4. DEAE-Sephacel A= w}E 12| 3]

DEAE-Sephacel A =ZvwtE#ju= Zdo]l DEAE-Sephacels %3kl
20mM Tris(pH 8.0)& &3 AA ZH& AlHsL AxFE4S 53 A7 o
S 7 Yo &A= 20mM Tris(pH8.0) ¢F 20mM Tris(pH8.0),1M NaCl

1

| -1
AA B3 FHITh Bol 3o AR (280nm) 2 &4 Y
o] A o o RIUS Hol affinity AEUIE I ALEEHE
=9 BoF F43le] NaCle A7 3kl

S
o
(@)
2
%)
o
2
jam
=
ko]
=
o
%)
o
=
)
=
@
ko]
aw
o 4
S
=2,
ol

5. Affinity =% vHE 189

p—-Aminobenzyl-1-thio-f-galactopyranoside agarose(Sigma)E ZHol| =73}
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0.067M sodium phosphate(pH 7.5)& ZAZ {3

o
A3 F FAR ARE B4 BAE TAAAT £27F FHsl

S AH
[
s

ZH o] 0.067M sodium phosphate(pH 7.5), ImM MgCl, 1M KCl &5
83l v Heolxo=m AjdsHo v @NAS £

o
borate(pH 10)& & E3}A]#A [-galactosidaseE &= A 7T}

>~
ol

6. fi-Galactosidase®] ONPG &3 &4
ONPG(o—nitrophenyl-fi-D-galactopyranoside) 2 €] A4 ¥ o-nitrophenol=
=Aste] Fa4agde AAIAT ONPGUmg/m)E g3t 0.1M  sodium
phosphate(pH7.5) 99u09] 45M [E-mercaptoethanol, 0.1IM MgCl, 45u1E 713t
0.IM sodium phosphate buffer(pH7.5) 3015u= 713 & A8 45uE &35}
30Col A 30% Fk wEAZ 5 IM NaCO; €948 o] WS Far7a

G d L bovine serum albumin(Sigma)E ¥+ O Z 3 BCA Protein
Assay (Pierce)& AM&ste] AT AZvEIHINE T3 dojx 72t #F
o] @y A2 280nmolA FHEE FASIY] FEE FAIGA

9. SDS-PAGE

Zh ArntEaduea dojxl e vy By s gelstr] skl 10%
SDS-polyacrylamide gelelA 50VZ 7|9 %S 3% 2™ Comassie Blue R-250
o7 gAY, FF WA Marker(Bi0-Rad)ol &= myosin  (200,000), [
—galactosidase (116,250), phosphorylase b (97,400), serum albumin (66,200)
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ovalbumin (45,000), carbonic anhydrase (31,000), trypsin inhibitor (21,500),
lysozyme (14,400), aprotinin (6,500)°] 1At}

10. 548 479%
534 A795e gE 49" aasde olde dopmrl 4

Multiphor IT Electrophoresis System(Amersham) ol A CleanGel IEF
polyacrylamide(pH 3.579.5)(Amersham)& AF&3le] AA5E9ch T+ oz
Maker® AFgd @@ Ao|E= trypsinogen (pH9.3), lentil lectin basic (pHS.65),
lentil lectin middle (pH8.45), lentil lectin acidic (pH8.15), horse myoglobin
basic (pH7.35), horse myoglobin (pH6.85), human carbonic anhydrase B
(pH6.55), bovine carbonic anhydrase B (pH6.85), [-lactoglobulin A (pH5.2),
soybean trypsin inhibitor (pH4.55), methyl red(dye) (pH3.75), amyloglucosidase

(pH35)E AH&-3F At

A3 A Ay w1z

1. Pantoea spp. B-1¢9 8 ¥ &4

YA [-galactosidaseS A= dFE Adslr] A ALEH BEYS 2%

g dom Eyste] 7Co AFs FAT7E X-Gal(50mg/me) 0.8ml, 0.1M
IPTG Imd 2 F32(5B%)7F "A7FE Tryptic Soy Agar(Difco.USA)] =23sle] 1
0CoA A=Azt mjgete] Hof FHHFAol FAe we J2e T Iis A
k91 5 A-1, B-1, B-2, B-3, E-1, E-2, E-3, E-4, E-5& 27 W3
o}

of & 9 FY #F F HMol 7 A el 7 #F= B-lojdew f
-galactosidase assay= 5C, 15C, 25T, 35T, 45ColA] 303t ¥+ A7 W] aLgh
Ay v w5l ®& B-1w7F b sk Al dEbsd E-19] 4§ 5Tu 1
0ColA o &do] T2olMnt &eo] FA YewAwt 249 2457 B-1
o #o] B-1#FE Aol AHEsEAtH(Table 1).

B-17& 2% 9437} Oxidase test, O * F test®} MacConkey Agarel] =23}
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of gelst A} agSAd Htolle cytochrome oxidaseRt-§
= e 247} $A ol MacConkey agarol A A%
_]

A3} Pantoea spp.Z &4 % L tHTable 2, 3).

o o A
< SA4ola X

3l thAPI 20E

Table 1 [-Galactosidase activity of bacterial strains isolated from

soils.
Bacterial . . .
. 5C 15C 25C 35T 45T
strains

A-1 0.021 0.054 0.078 0.047 0.040
B-1 0.424 1.391 2.827 4752 6.156
B-2 0.010 0.020 0.036 0.040 0.034
B-3 0.007 0.017 0.023 0.031 0.030
E-1 0.077 0.257 0.223 0.161 0.096
E-2 0.011 0.021 0.017 0.030 0.026
E-3 0.013 0.022 0.025 0.037 0.009
E-4 0.012 0.026 0.043 0.043 0.027
E-5 0.013 0.029 0.041 0.044 0.025
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Table 2. Biochemical characteristics of Pantoea spp

Biochemical test Response

Beta—galactosidase +
Arginine dihydrolase -
Lysine decarboxylase -
Ornithine decarboxylase -
Citrate utilization +
H2S production -
Urease -
Tryptophane Deaminase -
Indole production -
acetoin production +
Gelatinase -

Oxidation / fermentation

D-glucose

D-mannitol +
Inositol -
Sorbitol -
Rhamnose +
Sucrose +
Melibiose +
Amygdailn +
Arabinose +

Cytochrome-oxidase -

NO 2 production +
N> production -
Motility +
Growth +
Glucose fermentation +
Glucose oxidation +
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Table 3. Oxidation and fermentation characteristics of

Pantoea spp. B-1

Incubation time

Carbohydrates Ahr J8hr

Glycerol - +
Exlthritol - -
D-Arabinose - -
L-Arabinose + +
D-Ribose + +
D-Xylose + +
L-Xylose - -
D-Adonitol - -
Methyl-6-D-Xylopyranoside - -
D-Galactose + +
D-Glucose + +
D-FActose + +
D-Mannose + +
L-Sorbose - -
L-Rhamnose + +
Dulcitol +

Inositol - -
D-Mannitol + +
D-Sorbitol -

Methyl-e-D-mannopyranoside - -
Methyl-e-D-glucopyranoside + +
N-Acetylglucosamine + +
Amygdalin - -
Arbutin + +
Esculinferric citrate + +
Salicin + +
D-Cellobiose + +
D-Maltose + +
D-Lactose (bovine origin) + +
D-Melibiose + +
D-Saccharose (sucrose) + +
D-Trehalose + +
Inulin - -
D-Melezitose - -
D-Raffinose + +
Amidon (starch) - -
Glycogen - _
Xylito - -
Gentiobiose + +

D-Turanose - -
D-Lyxose - -
D-Tagatose - -
D-Fucose - -
L-Fucose - -
D-Arabitol - -
L-Arabitol - -
Potassium gluconate - -
Potassium 2-ketogluconate - -
Potassium 5-ketogluconate - -
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2. Pantoea spp. B-19] [i-galactosidase®] 2]

T sty A 259 4
712 MEHS 9373t DEAE-Sephacel o3t AZwtE1#3]9} Affinity
AREIHIE A5 07 ANt [i-galactosidaseS =5 E A
DEAE-Sephacel o] &w3 A ZutE 1gidoirs Ao BER X e b
dol Aol &=¥o

Pantoea spp. B-1=25¥ [i-galactosidaseE <

v}
DEAE-Sephacel ©]| w3 A ZntEagiy]e] WieES AIFEHEHT TS o
WAol AALYTGE AL &AF F Y affinity TRAFETHI o

ety &7 S gsdt. a8a &5 E2¥ [-galactosidase®] FAF

MA o] 0] A= E coli. 9 B-galactosidased] #2221 119,0008

o
rlo
=5
HN
r_g 4
N

ME FE2E9 F WAz 767mg/m 2™ DEAE-Sephacel ©]-2u3t 3 Zu}f
EafyE 169mg/me, affinity ZE2vE 19 E 05mg/ml=E oA o] =4 =
= HbHd o] [i-galactosidase ZAE AX FEEo] 55umol/min * mge]l
DEAE-Sephacel o]2uw3 A ZulE T3 E 16.6pmol/min - mg Affinity ZE20LE
29 156.8umol/min - mg= @A Imgd [i-galactosidase S EE ¢ Hol
7 HvE S g F Ao B IFE&ES AEFEEAAA 100%E B

W HE dgeo] 19%= 43s] w2 FEs @A (Table 4).

9
il
rlo

ol
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3 1.0
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@
e =
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= 04 o
] ©
[
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< —— A280
1 — A420 . 0.2
....... NaCl
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N
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Fraction Number
Fig 1. DEAE-Sephacel Chromatography of cell extracts obtained from

Pantoea spp. B-1.

Fig 2. SDS-PAGE of ccell fractions from Pantoea spp. B-1.el chromatography
and affinity chromatography of the cell extracts. 1. Molecular weight marker
protein, 2. Cell extract of Pantoea spp.B-1, 3. DEAE-Sephacel
chromatography, 4. Affinity chromatography
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Table 4. [i-Galactosidase activity of cell extract and chromatography

fractions from Pantoea spp. B-1

Total Total Specific Recovery Purification

Vol . .. .
Protein  Activity activity
0 . . % fol

() (mg)  (pmol/min) (gmol/min - mg) ¢ (fold)

Cell extract 60  76.7 4219 55 100 1.0
DEAE-Sephacel

chromatography 28 169 280.5 16.6 66 3.0

Affinity 5 05 784 156.8 19 285
chromatography

3. f~Galactosidase®] #H A<= % pH

Pantoea spp. B-1914 %3 [i-galactosidase?] #
A 5C7HA o2 [-galactosidase assayS 3HFE O 2 2 A|sle] HA ks 13 4
#E 2z YEd A 45T Hd 24E 10T A
o Ae] &AL 45Col Hlal] &3 "ol x|rt of 17%9} 22%¢] gelo] Folg)
= A0E Hol AZAE B4E 8T 7 AdS R 7Yy " (Fig 3).

HY 242 pH 607759 WA w=kow pH 70014 744 =oF H# pH
= 7001912 pH 50°]3k¢t pH 8.00]72] A3 &z4efA pH ®MedAM= &

7

A9 &Ho| AT (Fig 4).
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120

100 I |—— p-galactosidase from
Pantoea spp.B—1

Percent Activity
3
T

20

O L L L I
5C 10C 15C 20C 25C 30C 35C 40C 45C 50C 55C 60C
Incubation Temperature

Fig 3. Effect of temperature on the activity of [-galactosidase purified from

Pantoea spp. B-1.

100 ./.”eﬁ\.
80
2
= 60
©
<
<
8
5 40 4
o
20 1 —&— Acetic acid Buffer
—&— 0.1M Sodium Phosphate Buffer
—&— 0.1M Tris Buffer
0 T T T T T T T T T T T T T

pH4.0 pH4.5 pH5.0 pH5.5 pHB.0 pHE.5 pH7.0 pH7.5 pH8.0 pHB.5 pHY.0 pHY.5pH10.0

pH value

Fig 4.Effect of pH on the activity of [-galactosidase purified from Pantoea
spp. B-1.
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[i-galactosidase®] €t dAdS ZALst7] €13 30T, 35T, 40C, 45C, 50T
Tz A ZFEsEAA 102 71202 AN8E xHste] [-galactosidase assay S
AA st 1 A3 30T e 35Tl &2 12080] Bt ol ZHAashA
B FAEAY o o] FstA I 40TE 9zt fAstd o, 45TAA =
1203 %ol = 20%744] 2 o] #2st3laL
gko] 7o yEbubA] eFol 45T ol ol Eee] fHaste Ao &4 H Atk (Fig
5).

50CE 107 o|Fo &™Ho] 5% A

J

100

Percent Activity

O ’ T T T T 1
0 20 40 60 80 100 120

Heating Time (min)

Fig 5. Heating stability of [l-galactosidase purified from Pantoea spp. B-1.
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5. Pantoea spp. B-1914 %73 f-Galactosidase®] &4 H|xL

AR o7 Tl &) 22 Id= E. coli [-galactosidase(Sigma),
Lactozyme(Sigma) % Validase(Valley Reserch)E A}&3to] Pantoea spp. B-1
o] B-galactosidaseE 5T, 10T, 30T, 40ColA ONPG7}IGE& &3S =439
B Az g Pantoea spp.B-1 [i-galactosidase = 40ColA 7+ =& A
S  HA  Lactozyme(Sigma)Z} Validase(Valley Reserch)= &
Kluyvermyces lactisolA 88 E424 30CoA 7F4 =& 4% H
o] ¢} o] AlftolA HEl®E EAE FRAA R §4 B A2dA]e &
o] ZX YA Pantoea spp. B-19] [-galactosidaserx ol =
—galactosidase L.t} A oA o] &#Ho] =& Aoz 1}EMYTHFig 6).

T3S ol&T #9 i Rl 2A4S 4Tek 30TolM E coli B
-galactosidase(Sigma), Validase(Valley Reserch)®t Pantoea spp. B-19 [
-galactosidase®] 7} 3l &S FAMS A3 Kluyvermyces lactisol A ]
¥ [-galactosidasel®. T} Pantoea spp. B-19] [i-galactosidase®] &2 o] o] x| %]
Wk E coli i-galactosidaseB.thE= 4T ¢ 30CoA 25 &Ho] =gkth(Table 5).

2 g
oo

iz

—
e

120 1

——E.coli

100 + —@— Lactozyne
—A— Validase
—i Pantoae spp.

[e]
o
T

Percent activity
D
o

5C 10C 30C 40C
Incubation Tie

Fig 6. Comparison of B-galactosidase from pantoea spp. B-1 with

other commerced preparation of P-galactosidase
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Table 5. Lactose hydrolyzing activity of [i—galactosidase in milk.

Incubation Temperature

[i-Galactosidase (ymol/min - mg)

4C 30T

Pantoea spp. B-1 0.37 3.99
Kluyveromyces lactis

(Validase) 113 945

[i-Galactosidase from FE. coli 0.17 2.76

2

6. Pantoea spp. B-1°14 F%3} [i-galactosidased] 547

S A7GE S DS Pantoea spp. B-1914 FZ 3+ [i-galactosidase?]
A zb g ofrie 9w d band= 2 H AT Pantoea
spp. B-19A F%73} [-galactosidase®] SHAFL °F pH 653 6.65°1™ E. coli
[i—galactosidase®] SH A& pH 52,755 % 5892w Kluyvermyces lactisl A
3 Validased 543 pH 5.7% 6.3% E. coli, Kluyvermyces lactis®] &
BT Pantoea spp. B-1olA4 F33F [i-galactosidase?] SA o] wokth(Fig
7).

sA8e 24

o
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o R &

[in

-
Q

A B C D

Fig 7. Isoelectric focusing of Pantoea spp. B-1, E. coli and
Kluyvermyces lactis of [B-galactosidase A. Marker protein (1. pH
455, 2. 52, 3. 5.85, 4. 6.54, 5. 7.3, 6. 8.05, 7. 845, 8. 865, 9. 9.3), B.
Pantoea spp. B-1, C. E. coli [i-galactosidase D. Kluyvermyces lactis
Validase

7. ¥ ¥ PB-galactosidase &4 ¥ Km ¥ Vmax #t

409 WEEREE dolR iyt WEEAF ONPGY srs 2dshd

S-S A x3] 30CAA 583 w&et Ax=z wSEHEEE ALe At
F29 Vmax: 222.3mol/min mg ©] 93 Km 72 1.234x10°M o] o
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Xﬂ47§30°k

ar-

Gzt F&atA o] & 4 U= [-galactosidaseE =] E el A

8¢t Pantoea spp. B-1=2 F¥H ZE|atdal a9 Astetd 543 frelA
o R sEHS ZAEAY. ASEH EYolA [-galactosidaseS HAtstE o
T2 Bgsden o dM3 API 20E kit® 543 A3 a2@SA htolx

Pantoea spp. B-12 &% %th. Pantoea spp. B-1 #F¢ AE FEEZHH
DEAE-Sephacel chromatography®} affinity chromatographyS ©]-&3to] [
-galactosidaseE TEletAth 1 A3 M FEE vld 28599 & £E &
S €A43913, ONPG 7hri3] &8 30Tl A 156.8umol/min - mg©] At
-galactosidase®] WS HA =+ 45Tl & pHE 5577503t}
-galactosidase®] A HFE ZAFG A 45Tl 2LolA B4 He 3
o2 yelykth tE f-galactosidase2td] 8% W FEEssHS H A
Pantoea spp. B-1914 &2l % [-galactosidase® W&o & =
o1} Kluyveromyces lactis &4 (Validase) U= At & o2 yrokt),
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N 5 & SFOAM =2t Candida kefyr

Y-30IM HXM St B—galactosidase2 A 3}stA

m

g
A1 4 A2

[i-galactosidase(fi-D-galactoside galactohydrolase : EC 3.2. 1.23)&= A+l Ao
Q%= 2422 93 ZE& [-D-galactopyranosidesoll A/ H]3k  Tek
-D-galactoseS 7}5E &5 Y, galactosee] Holwks-S Znjsle] 5 - A E A
n AL A FF LAAL. o] E4v TE, 2
o] AsteA 5 A H ol &e #A-dE A

[i-galactosidase™ F29 (B-14 2%
b @aolth F 32 SRRt e Fde gestER, &2 FuAzdA &
H| 5] = [i-galactosidaseo] 93 Fall=a AHAS FEdFe] BAY s4AZFHOR
WA E A ek, ERwnk B %
ol 5 (lactose intolerance)2] $1¢lo] F T},
oj¢} & FAHE A AT WRHOR i o S FIEHEL

fi-galactosidaseE ©]-&3te] 7hFiLslste Aot [‘i—galactosidaseoﬂ o3l 2
2]

o] ®3¥ ™ glucose} galactose® Wl Ho2A FFAasFlTS AL
0
AR

v A &2t fi-galactosidaseE A4 & e 2 AP O F
BERE UHE §42 AAHTHA W 42 FEHoR gasthsty] wio] @
S AFEo] HauEo ).
2 AT E FdE HFAA JFe SfrolA 22ld Candida kefyr=5-H [
-galactosidaseE #2|st1 484 EAHS ZAEHA
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A2 A Qs W

1. 7% A7

fo

A

M
o
o
B~

AR IS FEd A HFE 7= 40ng/ ¢ X-GalE 73 Sabouraud
lactose agar, pH 3.5 = 0.19] HZF3ste] 15CAA wjgsty HA &S A=

Candida kefyr Y-35 A}-&3}3it}

N
rot

Ag/\

puA

[\
Foi‘
rulo
r°"
fol

e R wjg

Candida kefyrES Tryptone Soya Agar + 0.5% Lactose®| Streaking 3+ 3 3
0CoNA 24212 vjekstt, F3ko] Z2Y7F A7 50ml9] Tryptone Soya Broth
+ 0.5% Lactose®] 30TColAl 24A17F 12 Al &S 313, 23 A= 2
Wkl o 2wkttt 32 Algelde 1529 Tryptone Soya Broth + 05%
Lactose®ll 30Col A 24413+ uf gttt

ERWEFA 1525 3000rpmell A 3023 AAEESE F FeAs HEn
Pellete] 0.2M Tris, 02M Nacl, 10mM megnesium acetate, 10mM
mercaptoethanol, 5% glycerol pH 7.6(BB& <)o #4Fs}e] 3000rpmoll A 30+
dAEE . FedS Wil Pelletl BBEAS #4Fste]  Sonicatedttt.
Sonicatedr Ea A4S 15000rpmoll A 2057 LA EZH(1S)F, A5 A0 FE35)o]
34000rpmel A 5A1zE @Al (2S)gkth. FrEEx] s el Nacl(2g/100me) 2
Polyethylene glycol(10g/100m¢)< F7tste] 15T <] &Zol Al 12A1F L wkghr},
°o]& Tl 12000rpmell A 204 A2 (BP)sk=tl, olu= Pellets A&3Hrh
Pellete] 2.5mM Sodium Phospate, 20% Glycerol pH 7.5} 20% Glycerol& 1:3
o Hj&=2 &aAZTh 2417 Wk & 12000rpmel Al 2083 YA Ete e
A4S, HFERFEN)S deth
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L}. DEAE-Sepharose Chromatography
DEAE-SepharoseE Columne] <Z3te] 25 x 4em? Columng %HET}
5mM Sodium Phospate, 20% Glycerol pH 752 % Resi® H¥3 A7l 3 &
NS FHAA FFHA7 U 0~0.3M NaclS ZF 60ml” Gradient® il
SE=AA FEE FHEY 2agA o] Ueds FERE Rol vl AL
Hydroxyapatite(Bio-Gel HTP Gel) Chromatographyol] AM&%& &
40mM Sodium Phosphate Buffer(pH 6.8), 10% Glycerolel] &3 %¢t £ 3k},

R
"

oo
i

t}. Hydroxyapatite(Bio-Gel HTP Gel) Chromatography

HydroxyapatiteE Columno] ZZ3te] 15 x 25m9 Columng WE
40mM Sodium Phosphate Buffer(pH 6.8), 10% Glycerol® &3} A7l & &
H(EhdHo] e FES Hof FAg T4 : Volume 165m)S S IAIA
ZA 71 oS 40mM Sodium Phosphate Buffer(pH 6.8), 10% Glycerol® 0.5mM
Potassium Phosphate Buffer(pH 6.8), 10% GlycerolE 2t 60ml% Gradinetd} <]
dulds §EAZY. EagAol Uedes FEvks Ko tgol AREE

Sephacryl 300HR Gel Filtration Chromatography®] &4 N o 2 AF&3kt)

b 2

oot

2}. Sephacryl 300HR Gel Filtration Chromatography

Sephacryl 300HR<= Columnell =7 3sle] 25 x 115em®] Columne %=t}
25mM Sodium Phospate, 20% Glycerol pH 752 % Resi® #H¥3 A7l 3 &
2~ (Hydroxyapatite Chromatographyoll 4] &4 %Al o] YElYd HE : Volume
Sml)S EH}AZ tFE 25mM Sodium Phospate, 20% Glycerol pH 750 & thul
As SEA7Y. g48Ae] YEY= S Eo} Polyethylene GlycolS ©] &

slo] SBmeE H=A 71T},
3. SDS-PAGE #7494 &

Laemmli(1970)2] SDS-PAGE el upzt 2 A3t 72+ Chromatography
oAl Aozl o =Y AEE syl st @WE A5 E 625mM

Tris—cl(pH 6.8), 2% SDS, 10% Glycerol, 5% [E-mercaptoethanol, 0.01%
bromophenol®} 1 : 12 233 s 95ToA 583 714sle] ARSI A,
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Polyacrylamide Gel 8%°] 100V = 719 % Coomassie Brilliant Blue R-250
o7 dME F 40% Methand®} 7% Acetic AcidE &3 & gH o7 el
%t} Marker: Prestained SDS-PAGE Standards, Broad RangeZE A}-& 3} ¢t}

o2 e UV /Visible SpectrophotometerE ©]-£3F] 280mm
of Fo uuld e Biocinchoninic

o]-g&3to] BSAE ZTEHE 3o 562mm

o
fol

284 =7 (B-galactosidase assay)

[-galactosidase®] #Al2 100 x Mgcly 4540, 1 x ONPG(O-Nitrophenyl-f
-D-Galactopyranoside) 99u¢, 0.1M Sodium Phosphate(pH 7.5) 3015102} & 4~
1008 3| A Al A 45ubsE EF3te] 30TelAl 30 ¥H&-A1Z1 $ IM Nacog& o=
Hes sHAHAT 2 tE 420mel A F3EE  FH(UV/Vis

Spectrophotmeter) s} 3 tt.

o

o
B
i

6. f-galactosidase®] # % pH %

[i-galactosidase®] pHel t}&

6~8), 0.IM Tris Buffer(pH 8~10), 0.1M Acetate Buffer(pH 4~6), 0.IM Mops

Buffer(pH 6~8)& AF&3ke] 30TelA e a49 FEdds FAs A £ &

2o HA g Es WEAS HA pHE il 255 5TolA 50C= 5T
J

L. -1
O R AT vy AARPE ST

gdo] =42 (1M Phosphate Buffer(pH

7. B-galactosidase®] & <+ A

e 20TIAN 45TAA 5CHAeR 7 ErdA

[‘i—galactosidaseiﬂ o
oA 12030 103 HA o ® AEgh vy g4 IELAA S S48 A Th

AT
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A 3-8 Ay @ gz

1. f-galactosidase?] 2]

[-galactosidaseS <=4 #8l3dl7] 93] DEAE-Sepharose ©]<n'3l A ZwlE
¥ (Fig 1)9 Hydroxyapatite ©]<13t A ZvlE 13 (Fig 2), Sephacryl
300HR gel filtration A =2vtE21e9(Fig 3)& AdEHo= HAste] [

-galactosidaseE T 2l 3} T}

1.5

Enzyme Activity

1 3 5 7 9 11 13 15 17 19 21

-0.3
Fraction Number

Fig 1. DEAE-Sepharose ion exchange chromatography of [i—galactosidase
from Candida kefyr.
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—e— A280
—m— A420

Enzyme Activity

Fraction Number

Fig 2. Hydroxyapatite ion exchange chromatography of [i—galactosidase from

Candida kefyr.

0.2
0.15
>
= 01
(@]
<€
[(b]
E 005
N
[
L
O I N O By |
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43
~0.05

Fraction Number

Fig 3. Sephacryl 300HR gel filtration chromatography of [i—galactosidase from
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Candida kefyr.

T s 8] 918 SDS-PAGE = 7t @A FEES W95
A3 B4 FEE WMEEL Y EAEe] ddEe] W= yehy 9l

DEAE-Sepharose ion exchange chromatography®} Hydroxyapatite ion
exchange chromatography®] W1=E& &4 FEEHU 2& gduwlzo] A7

= AL &9 3 4 9l Sephacryl 300HR gel filtration chromatography ©f 4]
gdmeER ety &5 2eEe geledth(Fig 4).

O

A B C D E F G H
Fig 4. SDS-PAGE of purified fi-galactosidase from Candida kefyr.
A. Prestained SDS-PAGE Standards, Broad Range, B. 1S, C. 2S, D. 3P,
E. 4S5, F. DEAE-Sepharose chromatography, G. Hydroxyapatite
chromatography, H. Sephacryl 300HR gel filtration chromatography

A}

Al S

A=}

oA 27.2mgR o DEAE-Sepharose

o
Sh
ol
rlo
ol
o

elste] o o ¢
chromatography+ 3.23mg, Hydroxyapatite chromatography+ 2.16mg, Sephacryl
300HR chromatographyt 0.8bomg®= W AFo] =A Fo&52 dHbHo| [

—galactosidase G EE HE ERFEE 20.16umol/min - mg®] a2
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DEAE-Sepharose chromatography+ 76.29umol/min - mg, Hydroxyapatite
chromatography 90.31umol/min - mg, Sephacryl 300HR chromatography= 113.62u
mo/min - mgE FA L7 Z7FETE AL #ol & 22 99k wI 38

100% o2 2 u HF 3)58&0] 20%20 AS FAsA T

rU

Table 1. [i-galactosidase activity of cell extract and chromatography fraction

from Candida kefyr.

Cell extract Total T(?tél Speﬁfic Recovery Purification
Vol(me) . Activity Activity o

fractions Protein(me) (pmol/min) (pmol/min - mg) o (fold)

1S 44.3 49775 475.16 0.10 100 1
25 44774 3624 481.53 1.33 101 140
4S 43.88 27.2 548.34 20.16 115 212
DEAE-Sepharose 165 3.23 246.4 76.29 52 803
Hydroxyapatite 8 2.16 195.08 90.31 41 950
Sephacryl 300HR 5 0.85 96.57 113.62 20 1196

2. f-galactosidase®] %%

Candida kefyrolq %3} [i-galactosidase?] HZH %=+ 5C, 10T, 20T, 2
5T, 30T, 35T, 407C, 45C, 50C7}A] [(-galactosidase assaysS 2¥ wtEo =z 2
Alsle] Hgkes 3 A23E DY ZE YUY A2 E = 5T A 3
5C7HA Z78kthry 35T HAme == wolon 40C o]AdE ax
gdo]l H43] Atk
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120
—e— [—galactosidase

B frome Candida
100 kefyr.

Percent Activity
(@))
o

5 10 20 25 30 35 40 45 50
Temperature(TC)

Fig 5. Effect of temperature on the activity of [-galactosidase purified from

Candida kefyr.
3. fi-galactosidase®] &% pH

[-galactosidase®] pHel W& &4-&A49 =74 0.IM Phosphate buffer(pH
6~8), 0.IM Tris buffer(pH 8~10), 0.1M Acetate buffer(pH 4~6), 0.1M Mops
buffer(pH 6~8)& AF&3le] 30TeolA a4 A4S FA4stAt pHE 42
pH 6.0~7.52 WlolA =kern 0.1M Mops buffer pH 7.5014 7+ =& 4]
S Btk A BE buffers pH 5.00]3¢ pH 8.00]4¢ A3 4zl A pH

Aol &ae] @o] AA astg
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120

——0.1M Acetate
100 " buffer
>
s 80 ¢ —=—0.1M
© Phosphate
< 60 buffer
S 0.1M Mops
© 40 - / buffer
8
20 F 0.1M Tris
- buffer

4 5 6 7 7.5 8 9 10
pH Value

Fig 6. Effect of pH on the activity of [i—galactosidase purified from Candida
kefyr.

4. B-galactosidase2] &<k4A

fi-galactosidase® €A ZAMsH7] 9438 20C, 25T, 30C, 40C, 45T
A 0~12027bA 102 1A om XNaEE AFHste] f-galactosidase assayS 2 Al
ol 1 Ay 20T 9k 25Cell A 9] &4 120%0] AHg Fox FhashA ¢
FAERH, 30CAA A FAhsHF o 40T 45T A= 107 o] Fo

ar
Sdo] B Hadto]l Ao yEhuA &gkt

714 FEo| mE T4 ONPGY 7t BHeEHEE 25T A 223 5
S WAL F FAS T 28l A o] WSS 5 BTE ol 230l A 9
s s 71d Fxotel A#IAAE H3e]  Michalis-Menten  plot¥}
Lineweaver-Burke  plotZ Al4Fsle Y EE a5 H(Fig  8). @
-GalactosidaseVmax+¥ 195.3umo/min - mgo] i Km< 0.75mMeo] 1t}
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120

100

[0}
o

60

40

Percent Activity

20

0O 10 20 30 40 50 60 70 80 90 100 110 120
Heating Time(min)

Fig 7. Heating stability of [i-galactosidase purified from Candida kefyr.
Al 44 Qo

ol B3 Candida kefyr Y-39 AMEFZAANAM  AAE

-galactosidase®] A X+ 113.62umo/min - mge] oo™ 3I)F=&2 20%°] ATt
a4 HA pHE 7591, H4 &% 35TAT & kAL 20T 25TolA

o] &AL 12040 BHg Fole FhAeA Fa FAEHJS U 30TAAE HA
AR 40T 45T E 108 ol Fo] Aol ¥ ZFAadte] A9 yehy
A ¢E9kth Vmaxt 195.3umol/min - mge] 22 Km- 0.75mMo] At}
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1551

Fig 8. Michaelis—Menten plot and Lineweaver-Burke plot of [i-galactosidase
purified from Candida kefyr
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A1 4d A=

SWA M ABe] ATE 19609 Zol MRS A o sh8H el S A

BEE AF7F A FE S (Stoke 1963; Farrell & Rose 1967) 1980t =wlto] =
k37 njAEo] Wt A o] AAHA(Sharpet Munster, 1986) A4 v E
o fFHEH BT} A2AqAY A o] dist AF7F Al FE A HGounot,

1986 : Herbt, 1986 : Russel, 1990). o]& ZYA mAELS A4 AS37] ¢
3 EdE 522 AAFEH, o]+ cold-active® 4, cold-shock © 3, anti
freeze proteins, ice-nucleation proteins, =33} A|HAF 5 ot} YA nAE
£ amylase, [i-galactosidase, protease®} lipases < A4t Aol My wp )
—Etﬂ, olE AXAH EAEL T2AHABLAV 2A4S THAA Heke 0-20T 9 B

AR & 4GS AL 2l o gA ELAE = 54
o o] AFAYS Eet= oY AFFEokdA AdAH o ® F-85ttH(Coomb
Brenchly, 1999 : Mahsunah %, 2000).

T Ess AdAd B EAstH olE Aitst= Aldt, R, 53l
59 AT R AL Aagoz ol&Fo gl 1980 A= A2
E7F 30-40CQl T4 FREsianrt F2 PR 1990d Y AL
7F 60T o] 4l a4 FREs Lol e A7 ARE AT 22 0-5T
A s THAE FREdEse] e A9 19909 BRE A AR AT
A7t FAhFdd AR &a 9tH(Charles, 2000). Brenchley(1992) =32 %

ol EAEAo] =& cold active [i-galactosidedaseE #A3dte] FFE Hf’r-‘r’r*ﬁ
Ak o] &3 F Qe JFEAS AAIS v Yk Loveland(1994)+ 92 X9
Ao A Bt sydTo] AN S4AF U2 2RAA =2 4

o
o, o] AFA7t FE e Arthrobacter ©) EAi9] A& L= 40Teo|w A
== 20C oldteha B Stgleh. Lynn(1996)% Saccharomyces lactis*I 4
e FFRAE2E 3-25Cs $4 pHolH 24E 7HAT gtk Ba gow,

bl W4 A Tl e Aol Hrbske] EEAATA FEE Fellst
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= AS AEsth McCammin 5(1998)2 W50l A [i-galactosidaseS A4 3}
= T35 Egsilor o5 a9 AT M ES Flavobacterium spp.2

HuAFLSEE 30-31Co)x HHAF == 7Col HHL2TE 26Tl

_0|L
o
ol
2
ol
=
X
o
1o
Hﬂ
L
i
iv
T

g =
9 AFE AMFASk] ZHzhe] dguf]e] 2T A 20¢- 17H Hlj ¥ 3}
o}, AeE colony% lactose®t x-galo] &

=0
w2 W

)
jud)
==
R
2
=
29
i
<
o
IS
3
=2
R
o

=R
[oN

active fi-galactosidase®] &HA]o]

Als e AHH
A4 B-galactosidaseE AAtsl= 3
A5, s Teter B o B U S, 7
9 ‘H—’F% A5 =2 o3 Zo] AFE-&FStt

WA TS
YUt} OntarioX| 9] EF %

A% ZAT BEAYG 404 FEEPNA DfEF AA Borl, AN

o,

i slgefol FRE A G 1% 4500-6000m 3970 A oA ES A

ot et B A9
Barrow 117H A Nome 157} A9, Fairbanks 137} X oA Ed Z o
e AlmE AH sk
2t 7yttt Ontario A<
Toronto 37} A9, Kitchener 37} A Fo|X EUA TS 23389t
mh g A

g3e) BAvke AR A5 5 2249 AEE AAHS
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2. A ESY w7 2 A
7F. Al& 9] S (enrichment)
1) EXA R
W¥ BHI (Brain Heart Infusion)®¥|#] 45 mlol]l A& 5 g& Y&
shaking incubator(t}& 38t DS-23SNC)ol A 4TelA 3043+ 200rpm &2

slo] =3 wjgE gk wix 2AS Table 13 2t}

Table 1. Composition of BHI medium

Ingredients g/L
Calf Brains,
Infusion from 200.0 g
Beef Heart,
Infusion from 2500 g
Proteose peptone 100 g
Dextrose 2.0g
Sodium chloride 5.0g
Disodium Phosphate 25 g
Distilled water 950ml
pH 74402

* BHI WA= Difcorle] ¢AEFS A&,

ERCE

i)

20% Lactose H50mlE Hif

ol

ke
T

T Sea Water Composition(SWC)u] =] &} Zobell BJA] 45 mlel] A|& 5 g

% shaking incubator(t}< 28t DS-23SNC)ol| A 4T A 30€47F 200rpm
gato] Sk wjekalodnh v A 24 -& Table 23 Table 33 7t}
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Table 2. Composition of Sea Water composition(SWC) medium

Ingredients g/L
Bacto tryptone 5
Yeast extract

Glycerol 3
Sae water 700
D.W 250ml
pH 7.0

* 20% lactose 50ml B¥§ HF

Table 3. Composition of Zobell medium

Ingredients g/L
Peptone 5
Yeast extract 1
Sea water 500ml
D.W 450ml
pH 7.0

% 209% lactose 50ml A% H=

U e By " oAy
30U =73 ANBES B 085% HE AdFe Axoez 1077 ) 3

A3l 0.01% X-gal(5-bromo-4-chloro-3-indolyl-f-D-galactoside)©] X 3+=
BHI Awj=lell 1% IPTG, 5% lactose #7FEH &, vz A& Agars
15g/ ¢ & Y3 IPTGS X-gal ©] E°J3F wtE9 <42 Distilled wateroll Al )11
IPTG 10ml 2 7Fsk < 0.01% X-gal(5-brome-4-chloro-3-indolyl-fi
-D-galactoside)E 0.3% dimethylforamide & <ol 3]A3}o] wjx]o] H7}3ic}] &
ImlE A F 3] incubator oA 15Tl 3-543F v &3] blue colonyE A
she A& B wElskdth weld HFE eI WHoeR 4T, 3094t vt
O

o] Blue colonys FAdAHE &Qlsta X-galddlgoe] & Aoz FHH&= I



£ blue colonyE A&kl

v
r>~

z
EY
N
o
o
&
Sh
o

Z w3k wlx]o Blue colony H&S A3 T8 loopE WA 0.01% X-gal
2 %33 BHI A ] A ol streaking, ='2¢3}o] incubator(4T)el Al 1547k ujj &
gko] 12k Arstglow, 1xF A iAol FAdE dA Jetel A #E loopE W
Al BHI 2AWA| ] 2% streaking, ="23}¢] incubator(SANYO MIR-153)9l A
15T, 3-5¢ 7t wj<Fsdct.

3. B-galactosidase®] &4 =4

AdE FFE A A A vl FEFT AE] ghF&e AN Ag=80S%
F#3} 3] MEWo| EAEE [i-galactosidased FA S ONPGE 979 %
= 71d R & SAHs AT

7h m A E o] w g

W E test tubeo] AAWA] 5ml 2+ Y& F wmpA= o R streaking 3 Hj
2] g 3 Wgo] wA HEFS F vortex mixerZ wAHE TASA =3
% incubator(VISION VS-8480SH)oll A 15T, 200rpmo- 2 3-543F {& sj3
Atk & wlFS syl fle ddE Az Sk AAEAE 100ml ¥
Sub-culturedr @& 1~2% HE3FY shaking incubatorolA 4T, 200rpmSo &
7-109%r A& wigetda, MAEAEF 4S5 918 600nmel A F = (Asw) =

=239

¢

—_

A
ol

1}, f-galactosidase®] 24

wokol 100mle ¥4l skl (SORVALLY SUPER T 21, 4°C, 10,000 rpm,
20min)3te] TFAE 353 T Agn=8°] HEZ 0.01M Na-phosphate buffer(pH
6.8)°] HAES FEAZ ZF sonification(NiSSEiAl Ultrasonic generator model
US-300 G60132, 100Hz, 3033t 5-203]|9H5) o =2 A2 & d3fsto] §484d 54
S 9 oz Agsd. 484 S48 9% 7124 ONPGS}
9] lactoseE Ab-&-3tTh

ONPG(n-nitrophenyl-fi-D-galactopyranoside)& 0.04M =% 0.0IM Na-
phosphate buffer(pH 6.8)o] &3alste] 7@ gHom ALRE G 71 2&H 0.2ml
o] 0.0IM Na- phosphate buffer(pH 6.8) 1.6ml ¥ Z&4 02ml #7}sho]

—~

o,

o
T
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4C water bath(th& 338 Shaking water bath DS-23SNC, 200rpm)ol A 2 A] 7k
B8 F 05M NaxCO; 8945 2ml H7bste] 420nme] &3 =MHEWLETT
PACKARD 8453)2 &4234S A3

AFE AAE2(6000xg, 10+, 4C)ste] AHS AAT G4+ 1.6 mlol =
E4% 04 mlE #H7sle] 4T water bath(Shaking water bath DS-23SNC,
200rpm)ell A 54 7F ¥FE 3 Mutarotase-Glucose Oxidase ¥ (Wako, 2003)2 &

glucosed #S =43t}

4. WA FH
X-gal 32, 4C 2 15C A5, ONPGEaE 2 7 §3 289
S SASe] e Foact,
7b ge 9 A7)
Gram stainingd}®] Fstdn] 4 (1000x)3ko A Gram |44, 8, 2715 #

oifl

0

Rt

Of

=z =
=

_l

2 l‘-{o
offt
2,
bl
)
oft
oX,
&
-z
=
X
'z
1>
oS
=
=
>
o
[
il
Y,
N
fo
]
B~
ox
>
oX,
ol

AZEW ABaks Yamada ®Hol ot FEF  GC(Hewlett Packard
Series I model 6890)el A 241319}l Flame ionization dectorE AF-&3F%]aL,
injection &% 250C, column &5E&E 200C i &W7F~E Aot

Z}. 16s rDNA sequensing

DNAE F%3}3 universial primerE AFE3le]  PCRel9d] 16s rDNAE

Z=Z3l9th.  SequenceZ Genetic analyzer 377(Perkin Elmer)E& A}-&3}4]

=

PHYLIP(Felsenstein, 1993)% ol &l #4354t}
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A3 Ay 3 u

=

A7E THE BR ?<1°ﬂ 4070 EZ AFHT Aol X-gald EaF
T+ 163708 Egstgdth ol 5< 4T, 15T AZF5, X-gal 3] o2 s}
o, X-gal®dl=go] w2 ¥ 3dTE YA BT dFFE MAL-3,
MA2-1, MA3-1, MA5-9, MAI19-3, MA20-4, MA27-6, MA40-1,
MA40-3, MB4-1. MB24-2, MB25-2, MB26-3, MB26-4, MB33-1, MB35-1,
MB37-1, MB39-4, MB42-5, MC8-1, MC9-3, MC14-3, MC14-7, MC16-2MC
22-4, MC23-5MC 30-1, MC30-5, MC32-1, MC38-5& Table 4$} 2t} Table
5% FfrolA EEle 31wF 2a Ao ONPG #3l€e ¢/ 3 w35l
A vl SFEitha AdEE 6@ FE AEetddth AdE 7= MAL-],
MA1-3, MA2-1, MA3-1, MB26-4, MC14-3 o]t}

L sl EeEol A AlRREE g 22 3 AT

v s Zebol FRE e 1% 4500-6000m 3970 A EFARE AH )
ol 15TalA 3-5U3 MFF X-gal& &gl = #F 148705 5383t
O]5L 4T, 15C AAFE, X-gal's S FAIFe] Baje] $58% THFE 2
23kl o (Table 6), ®&3 727F ZE4 N9 ONPGY ¢# 9 Ealde
ZAbetglom 1 Adb= Table 7 o UERSTH X-gal el ol At el g
23T AL ONPGREEIS ¢/ 7 wals ol At Wg 538}
¥ = #5545 HB1-2, HB4-4, HB20-4, HB22-5, HB27-1, HB39-52 53

A
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Table 4. Isolation of psychrophilic bacteria from raw milk

Farm name Strain colony Growth at Growth at Hydrolysis of
(MA) size 15C 4C X-gal
1. A 1 L n + +(Strong)
2 S + - _
3 L + t +(Weak)
4 S + _ _
5 S + - _
2.4 1 L + ¥ n
2 L + - _
3 L + 1 +
4 L + - _
5 L + + _
3.%‘00} 1 S + + +
2 S + + _
3 L&A + -
4 L B - _
5 L A + - _
5.5% 1 L + ~
2 L + +
3 L + + 4
4 L + + _
5 L + + _
6 L + - _
7 L + - _
8 S + + +
9 L + + +
7,43} 1 S n . =
2 S + - _
3 S + - _
4 S + - _
8.7t< Not found.
17. 4% 1 L ¥ T n
2 L + + _
19. %9 1 L + — _
2 L + + _
3 L + - 4
4 L + - _
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Table 4 — continued

Strain colony )
Growth at Growth at  Hydrolysis of

15T 4C X-gal

Farm No. size
(MC)  (on plate)

3. 714 +(strong)
+
+
+(weak)
+

+

+

+(strong)
+

14.

o
010{1

+(weak)
+(weak)
+
+
+
+
+(strong)
+

16. %

+

i

+(strong)
+

+(weak)

P T T T E T T o S S S S

22. A4 +(weak)
+

+

+(strong)
+(weak)

+

23. &

o

+

+ o+ o+ o+ o+ o+

+

iuni onll enll el ol e e V2R 02 I 02] 12NN 0200 Ol wn il enl | unill el onil onll onll enll enll onl | onil oni ¢2 N0 enl ol | il ol onlll ol el o

P T R T T e o I e e S e I S S S R S R [ S S i T T e

Ol i W DN O = W N O E WD HI0 0O Ok WN IO WD IO O ks DN+~

+

+(strong)
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Table 4 —continued

Strain.  colony Growth at Growth at Hydrolysis of
Farm

(MC) size 15T 4T X-gal
30. ol+H 1 L + + +(strong)
2 L + + +
3 L + + +
4 L + + +
5 L + + +(strong)
6 L + + +(weak)
7 L + + +(weak)
8 L + - -
32, & 1 L + + +(strong)
2 S + + +
3 L + + +
4 L + + +
5 L + + +
38. & 1 L + + +
2 S + + +
3 L + + +
4 L + + +
5 L + + +(strong)
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Table 5. Hydrolysis of ONPG and lactose of isolated bacteria from raw
milk

Hyrolysis of
Hyrolysis of IO

No. Isolated strains Lactose
ONPG(As0)
(glucose mg/dl)
1 MA1-1 2.1945 30.744
2 MA1-3 1.9968 36.591
3 MA2-1 2.6455 57.787
4 MA3-1 1.80305 41.789
5 MA5-9 0.4955 ND
6 MA19-3 0.0144 ND
7 MA20-4 1.87945 ND
8 MA27-6 0.0245 ND
9 MA40-1 0.360045 6.173
10 MA40-3 0.4745 ND
11 MB4-1 0.16184 ND
12 MB24-2 0.89819 19.224
13 MB25-2 0.18079 ND
14 MB26-3 0.104935 ND
15 MB26-4 0.11465 52.612
16 MB33-1 0.171765 ND
17 MB35-1 0.15074 ND
18 MB37-1 0.15199 ND
19 MB39-4 0.15159 ND
20. MB42-5 0.18598 ND
21 MC8-1 0.0249 ND
22 MC9-3 0.7702 ND
23 MC14-3 0.5302 28.073
24 MC14-7 0.55740 14.194
25 MC16-2 1.08715 3.943
26 MC22-4 1.4075 ND
27 MC23-5 1.118 18.932
28 MC30-1 1.098 ND
29 MC30-5 0.53351 ND
30 MC32-1 0.3096 ND
31 MC38-5 0.4255 ND
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Table 6. Isolation of bacteria from soils of Mt. Hymalaya

Strain Colon Growth at Growth at  Hydrolysis of

Origin Name No v 15C A0 X-gal

1. 4700 HB1-1 + e+t
(TP ud) HB1-2
HB1-3
HB1-4
HBI1-5
HB1-6
HB1-7
HB1-8
HB1-9
HB1-10

+++

+++
+++
+++

+ o+ o+ o+

++

+t+

2. 4900(& %) HB2-1
HB2-2
HB2-3
HB2-4
HB2-5 + - -
HB2-6 - - -
HB2-7 - - -
HB2-8
HB2-9

I+ |+ o+ o+ o+ o+ o+
[
[

+
4
|

+
|

|
+

4. 4950(FFA)  HB4-1
HB4-2
HB4-3
HB4-4
HB4-5
HB4-6
HB4-7 + + -
HB4-8 - - +
HB4-9 - + -
HB4-10 - - +

Mixed

I+ o+ o+ |+ o+
o+ o+ + o+
+ +

+ +

+
|
+

5. 4950(5FF*) HB5-1 + + ++
HB5-2 + + ++
HB5-3 - - -
HB5-4 - - -
HB5-5 - - -

7. 5000(BL—>% %) HB7 Not found

8. 5000(BL—# %) HB8-1 - + -
HB8-2 - - -
HB8-3 - - -
HB8-4 - - -
HB8-5 - - -
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Table 6-continued

Strain Colon Growth at  Growth  Hydrolysis of

Origin name No. v  15C  at4C X-gal

HB8-8
HB8-6
HB8-7

HB8-9
HB8-10

+ o+ |+ o+ o+

9. 5050(BL—>%%) HB9-1
HB9-2
HB9-3 +
HBY9-4 - - -
HB9-5 - - -
HB9-6 + + ++
HB9-7 - + -
HB9-8 - + -

+

10. 5050(BL—>% %) HB10

11. 5100(BL<A) HBI11

12. 5100(BL<3]) HB12 Not found

13. 5100(BL<A) HB13

14. 5400(L1<-#]) HB14

15. 5430(L14) HB15-1 - + -
HB15-2 - + -
HBI15-3 - + -
HB15-4 - - -
HBI15-5 - - -
HB15-6 - - -
HBI15-7 - - -
HB15-8 - + -
HBI15-9 - + -
HB15-10 - - -
HB15-11 - - -

16. 5470(L1<-#]) HB16 Not found

17. 5490(L14)) HB17-1
HB17-2
HB17-3
HB17-4
HB17-5

+ ++

++

++

+ o+ o+

+t+

+ o+ o+ o+
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Table 6-continued

Origin name Strain Colony Grow:th at Grov&ith at Hydrolysis
No. 15T 5T of X-gal
18. 5500(¥F91EL1) HB18-1 + + ++
HB18-2 - + -
HB18-3 - + -
HB18-4 - - -
HB18-5 - - -
HB18-6 - + -
HB18-7 - + -
HB18-8 - + -
HB18-9 - + -
HB18-10 - - +
19. 5530(LAFAL1+A) HB19-1 - - ++
HB19-2 + + ++
HB19-3 + + ++
HB19-4 + + +
HB19-5 - - -
HB19-6 - + -
HB19-7 - - -
HB19-8 - - -
20. 5550(L1<#)) HB20-1 - - -
HB20-2 + + +
HB20-3 + + +++
HB20-4 + + +++
HB20-5 + + +++
HB20-6 + + +++
HB20-7 - - -
HB20-8 + + +++
HB20-9 + - e+
HB20-10 + + +4+
21. 4700(FF—d &) HB21-1 + + +
HB21-2 + + +
HB21-3 + - -
HB21-4 + +
HB21-5 + +
HB21-6 + -
HB21-7 + - -
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Table 6-continued

Origin name Strain Colon Growth at Growth at Hydrolysis
& No. Y 15C 4T of X-gal

22. 4750(FF) HB22-1
HB22-2
HB22-3
HB22-4
HB22-5

+ o+ o+ o+ o+
+ o+ o+ o+
+ o+ o+ o+

oX!
S
=

23. 4900 %) HB23-1
HB23-2
HB23-3
HB23-4
HB23-5

+ o+
[

26. 4950(= %) HB26-1
HB26-2
HB26-3
HB26-4
HB26-5

274950(F %) HB27-1 Al
HB27-2 ¥4}

29.5000 B.C <A HB29-1 Yellow
HB29-2 Yellow

305050 BL 2% HB30-1
HB30-2

A

npao-3 £257%

3

e L I s

I I S I B e
+ + |+ |+ +[+ + + + =

+
+
+

31. 5050 BL.-¥% HB31-1 &12Y
HB31-2

34. 5100 B.C <+ HB34-1
HB34-2
HB34-3
HB34-4

rob ot

=

=

+l+ + + |+ o+
+l+ + + |+ o+
|

35.5400L1-B.L HB35-1
HB35-2
HB35-3

2
rlo
e

o)
r
=
+
+
+

36. 5450 L1 <A HB36-1
HB36-2
HB36-3
HB36-4
HB36-5

+ o+ o+ o+

_82_



Table 6-continued

Origin name  SBIe  ojopy MO A Growth at - Hydrlyss

37. 5470 L1<A HB37-1 %2Y + + +
HB37-2 &2Y + + +
HB37-3 - + -
HB37-4 §2Y + + ++
HB37-5 &@2Y + + ++

38. 5490 L1<-# HB38-1 Yellow + +
HB38-2 Yellow + +

39. 5510 L1 <4 HB39-2 + + ++
HB39-3 + + +
HB39-5 + + ++
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Table 7. Hydrolysis of ONPG and lactose of isolated bacteria from MLt.
Hymalaya.

Hydrolysis of

.. Sample Lactose Final
Origin Name No. ONPG (glucose Selection
(Aazo) mg/dl)
1. 4700(F5—d H.3l) HB1-1 0.57270 ND
HB1-2 3.33935 41.53 v
HBI1-6 ND ND
HBI1-7 ND ND
HBI1-8 ND ND
HBI1-9 ND ND
2. 4900(F %) HB2-6 ND
4. 4950(F =) HB4-1 ND 14.13
HB4-3 ND ND
HB4-3 ND ND
HB4-4 0.14673 3.74 v
5. 4950(F & A) HB5-1 0.10717 ND
HB5-2 ND ND
17. 5490(L1<:A]) HB17-1 ND ND
HB17-2 ND ND
HB17-3 ND ND
HB17-4 ND 151
HB17-5
18. 5500(HF91 = L1) HB18-1 ND ND
19. 5530(Y AHAIL1<+A) HB19-2 ND ND
HB19-3 ND ND
HB19-4 ND ND
20. 5550(L1+%]) HB20-2 ND ND
HB20-3 ND 0.87
HB20-4 0.23319 9.22 v
HB20-5 ND ND
HB20-6 ND
HB20-8 ND 1.34
HB20-10 ND 7.10
21. 4700(FZF-HHA]) HB21-1 ND ND
HB21-2 ND ND
HB21-4 ND ND
HB21-5 ND ND
22. 4750(7 %) HB22-2 0.28950 ND
HB22-3 ND 15.86

_84_



Table 7-continued

Hydrolysis of

Origin ame PN onpg o heose TS
(Axn) mg/dl)
HB22 4 021274 ND
HB225 054030 196.36 v
26. 4950(% =) HB26-1 024406 ND
HB26-2 093453 ND
HB26-3 045797 ND
HB26-4 101695 ND
HB26-5  0.62459 ND
27 4950(% %) HB27-1 18238 3372 v
HB27-2  0.71802 ND
29. 5000(BL ) HB29 1 ND ND
HB29-2 ND ND
30. 5050(BL—% %) HB30-1 ND ND
HB30-2 ND ND
HB30-3 ND ND
31. 5050(BL—% %) HB31-1 ND 508
HB31-2 ND ND
34. 5100(BLA ) HB34-3 ND ND
HB34-4 ND ND
35. 5400(L1-BL) HB351 023490 ND
HB35-3 ND ND
37, 5A70(L1 2 A) HB37-1 027598 ND
HB37-2 ND ND
HB37-4 ND ND
HB37-5 043921 ND
38. 5490(L1 ) HB38-1 ND ND
HB38-2 ND 527
39, 55101 ) B39 2 ND ND
HB39-3 034281 ND
HB39-5 ND 2411 v
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Table 8. Isolation of psychrophilic bacteria from Barrow area

colony size Growth Growth Hydrolysis of

Area No. (on plate) at 15T at 4C X-gal
B5. 1 2 A + + +
Ocean icemud 2 A + + ++
3 Fr Y + +
4 A + +
5 LR + + ++
B6 1 A4 - - -
Ocean mud 2 white,yellow + + ++
3 Fr Y + +
4 2 A1 + +
5 A + +
B7 1 LR + + +++
Ocean tundra 2 -2 A1 + + ++
3 LR + + ++
4 LR + + ++
5 + + ++
B8
Not found
Ocean pepple
B9 1 + + +
Ocean mud 2 + + +
3 Yellow + + et
4 Yellow + + e+
5 + + +++
B10 .
1 white-yellow + + ++
Tundra
2 + + ++
3 + + ++
4 + + ++
5 + + ++
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Table 8-continued

colony size Growth at Growth Hydrolysis of

Area No. i .
(on plate) 15T at 4T X-gal
B10 o] RFol
1 B + + ++
Tundra R AR
white-
2 + + ++
yvellow
3 ++
4 ++
5 ++
B11 o] RFol
1 ) + + ++
Tundra frALE
2 + + ++
3 + + ++
4 + + ++
5 + + ++
B12 o] E ool
1 ~ + + ++
Tundra fALE
2 + + ++
3 + + ++
4 + + ++
5 + + ++
B13
1 Yellow + + ++
Tundra 2 + + +t
3 + + +++
4 + + +++
5 + + +++
B14 1-4++¢]
1 + + +++
Tundra LLQfo] 2=
2 + + +++
3 + + +++
4 + + +++
5 white + + ++
B15 §7149
1 B + + +++
Tundra e ek
2 + + +++
3 + + +++
4 + + +++
5  white-yellow + + +++
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Table 9. Isolation of psychrophilic bacteria from Fairbanks area

A colony size Growth at Growth at Hydolysis
rea
(on plate) 15C 4C of X-gal
Fl 1 ‘vc')r @H ’914 + + ++
Brook&Swamp in 2 -1 A1 et
Army Camp. 3 -1 28 -
F2
i 1 -5l 20 + + e
Brook&Swampin
Army Camp. 2 -1l 28 + + i+
3 a4 - . o
=5
4 + + ++
)2
5 54 smooth + + +
F3 1 slimness + + et
Brook&Swamp in 2 mat + + 4
Army Camp. 3 - A + + +
F4 1 mat + + +++
Brook&Swamp in 2 .
Army Camp 3 4+
. white,
F5 4th Fairbanks 1 + + i
yellow
2 + o+
3 + ++
4 + _
5 - + +++
F6 Fairbanks .
Lak 1 slime ¥4 + + ++
ake
2 mat it
3 slime, WA +
F7 Fairbanks I
Lake
2 _ _ _ —
3 fua
4 fua
5 & v
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Table 9-continued

wn
e— =
n
5@
@]
—
=
Wo
umC
2 %
—
G
+—
[av]
S o
g 1o
S
—
&
g ~
— QO
2 3
>
np
S g
wm
o
Z
(4]
(0]
—
<

+++

1

F8 Fairbanks Lake

++
++
++
++

TR
O

o o

NN <o

+++

1

F9 Fairbanks Lake

+++
++
++
++

NN <o

+++

=

F10 Fairbanks Fox

+++
++
++

+++

-
a A A A

of oF ofF oF

NN <o

++

F11 Fairbanks Fox

++
+
+
+

+ o+ o+ o+

+ o+ o+ o+

=OEOER
A A A

of oF ofF ok

NN <o

+++

1

F12 Fairbanks Fox

+ +
N
+ +
o4+
+ + +
+ + +
—_
TED
A B
o oF 2 1
~
[a\ENag] <~

+++

rough

5

F13 Fairbanks

++

mat

Chena

++

smooth
smooth

2

++

++

<

+++

mat
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Table 10. Isolation of psychrophilic bacteria from Nome area

colony size  Growth Growth Hydrolysis of

Area No. (on plate) at 15C at 4C X-gal

N1 Berring ocean r Not found

N2 Ocean Tundra

N3 Tundra 1 HAA + + —
2 2 A + + +++
3 -l AR + + 4+
4 2 Al + + +++
5] R + + +++

N4 Tundra 1 -1l A% + + i+
2 ol A + 4 i
3 smooth + + 4

o] =

4 /\];'(_}‘ 19::_1__57]— + + ++
5 + + ++

I; i ndraG01d River 1 oo s . L.
2 <l AR + + ++
3 - + + ++
4§ . . .
5 -l AR + + ++

N6 Tundra 1 G- ul A + n it
2 -l AR + + ++
3 a0 + + ++
4§ . . .
5 A + + ++
3 + + W
4 + + W
5 + + W

N14

Summit(mountain) Not found

N15
1 + + ++

Brook
2 + + ++
3 + + ++
4 + + ++
5 + + ++
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Table 11. Hydrolysis of ONPG of isolated bacteria from Barrow area

No Isolated strains Hydrolysis of ONPG(A4)
1 B5-2 0.13365
2 B5-5 0.12855
3 B6-2 0.73538
4 B6-4 0.16253
5 B9-1 0.15202
6 B9-3 0.70805
7 B9-4 0.4245
8 B7-1 0.9922
9 B7-4 0.28602
11 B10-5 2.95455
12 B11-2 0.3703
13 Bl11-4 2.66325
14 B12-1 3.83391
15 B12-3 1.441
16 B13-1 0.171745
17 B13-5 1.27635
18 B14-2 2.712445
19 B14-5 2.65065
20 B15-2 0.70633
21 B15-5 0.861845
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Table 12. Hydrolysis of ONPG of isolated bacteria from Fairbanks area

No Isolated strains Hydrolysis of ONPG(A42)
1 F1-1 2.6571
2 F2-1 0.27033
3 F2-4 2.6895
4 F3-1 0.9600
5 F3-2 3.01185
6 F4-1 2.69055
7 F4-2 2.6706
8 F5-1 2.66245
9 F5-2 2.66145
10 F6-1 0.133695
11 F6-2 2.6631
12 F7-4 0.11338
13 F7-5 2.6981
14 F8-1 0.931155
15 F8-2 1.6356
16 F8-3 1.9281
17 F8-4 0.28055
18 F9-1 2.68010
19 F9-5 2.68295
20 F10-1 2.70675
21 F10-5 2.70005
22 F11-3 2.60935
23 F11-5 2.6715
24 F12-1 0.264265
25 F12-4 0.308755
26 F12-5 2.66476
27 F13-3 0.430605
28 F13-4 2.65945
29 F13-5 2.67945
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Table 13. Hydrolysis of ONPG of isolated bacteria from Nome area

No Isolated strains Hydrolysis of ONPG(A420)
1 N3-1 0.255195
2 N3-2 0.2424
3 N4-3 0.41797
4 N4-4 0.47534
5 No-1 2.68635
6 Nb6-5 2.75375
7 N6-3 2.674
3 N6-5 2.6694
9 N7-1 2.665
10 N7-2 2.6695
11 N&-1 0.199755
12 N8-3 0.20185
13 N9-4 2.6834
14 N9-5 2.6995
15 N10-2 2.67975
16 N11-2 2.6755
17 N11-3 2.6935
18 N12-4 2.679
19 N12-5 2.66795
20 N15-3 2.7063
21 N15-4 2.69595
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Table 14. Isolation of psychrophilic bacteria from Ontario area

lon .
Area No ?O;Jl ¢ Growth at Growth at Hydrolysis
- P 15C 4C of X-gal
(on plate)
K1 O ul AR
+ +
Waldowoods 1 e W
2 LR + + ++
3 fua : : w
4 Lk + + NE
5 LR + + -+
K2
1 S\l Al + + .
Coneston college e
2 Lk + + ++
3 A + +
4 A + +
K3 1 pin—point + + -
2 pin-point + + -
3 LR + + ++
Alo] =
4 ]—5- ]:_017]— + + ++
. '\11_:]_ =
5 + + -
T1 1 %<& colony + + ot
2 + + +++
3 + + +++
4 + + +++
5 + + ++
12 . 1 pin—point + + +
Ontario lake
2 pin—point + + +t+
3 pin—point + + W
4 pin—point + + ++
5 pin—point + + W
T3 1 %<& colony + + ++
3 + + ++
4 fua -
5 b
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Table 15. Hydrolysis of ONPG and lactose of isolated bacteria from Ontario

area

No. Isolated strians Hydolysis of ONPG Hydrolysis of lactose
1 K1-2 0.3022 N.D
2 K1-3 1.1704 N.D
3 K2-1 0.4652 N.D
4 K2-4 2.6203 N.D
5 K3-3 0.2282 N.D
6 K3-4 0.5315 N.D
7 T1-1 0.5575 N.D
8 T1-3 0.8025 N.D
9 T2-4 0.2226 N.D
10 T3-1 2.642 N.D
11 T3-5 2.6575 N.D
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Table 16. Isolation of psychrophilic bacteria from Antartic polar

colony '
. Growth at  Growth at Hydrolysis of
Area No. pigment 15C e Xenal
(on plate)

185%16 Aemm 1 A + v .
2 A + + +4+
3 ks + + T+
4 A + + 4+
o A + + +4+
6 ks + + T+
7 iR + + +4+

15{6R 7 8)=Em Not found

ST SR P

KR O ssgm L THA + + -

IS<8R10 Hogm 1 Yellow + ¥ it

S9

SOI 2 s%w Not found

211 24 n}-o Not found

S11

KARP MB-86m Not found

gﬁggg 1 Yellow + + s

S13

KAST 150m Not found

S14 KR 150m 2 ‘(r)r':ﬂ,q’ﬂ,4 ++
3 R 4+
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Table 16-continued

colony '
. Growth at Growth at Hydrolysis of
Area No. pigment 15C AT Xl
(on plate)

15{1}{?4 150m Not found

IS{1I§4 150m 1 pin=point + + W

S17 ] _

KR6 1 pin-point N . j
2 pin—point " N .
3 o 2 + . »

A =z

4 g 113 017]— + + ++
5 ‘PI‘ ‘E‘E Al + + +
6 -2 colony + + it
7 ek + + 4+
8 % t'ﬂv'] &IJ + + +++
9 A + + +++
10 A + + T+
11 pin—point + + +
12 pin—point + —
13 pin—point " W

S18

KR7 &4 150m Not found

S19

KR9 34 150m Not found

S20

SOI-2 314 100m Not found

e Not found

SOI-2v3l = 150m
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Table 17. Hydrolysis of ONPG and lactose of isolated bacteria from Antartic

polar

No Isolated strains Hydrolysis of ONPG(A420)
1 S5-1 0.30809
2 S5-2 0.009705
3 S5-3 0.12951
4 S5-4 0.11443
5 S5-5 0.11398
6 S5-6 0.09870
7 S5-7 0.13061
8 S7-1 0.72787
9 S8-1 0.49154
10 S12-1 0.05772
11 S14-2 1.57118
12 S14-3 1.90167
13 S16-1 0.42653
14 S17-2 0.24435
15 S17-3 0.23518
16 S17-4 0.27486
17 S17-5 0.26850
18 S17-6 0.15954
19 S17-7 0.23167

20 S17-8 0.25065

21 S17-9 0.21098
22 S17-10 0.47753
23 S17-11 0.24418
24 S17-12 0.19819
25 S17-3 0.23284
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Fig 1. Photograph of isolated psychrophilic bacteria from milk
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H1-2 H4-4

H20-4 H22-5 H27-1

Fig 2. Photograph of isolated psychrophilic bacteria from soil of Mt.

Hymalaya

B1-2(G-) B10-5(G+) B14-5(G-)

Fig 3. Photograph of isolated psychrophilic bacteria from soil of Barrow

area
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F5-2(G-) F7-5(G-) F9-1(G-)

F9-5(G-) F10-5(G-)

Fig 4. Photograph of isolated psychrophilic bacteria from soil of Fairbank area

N6-3(G-) N12-5(G-)
N10-2(G-) N12-4(G-) N15-3(G-)

Fig 5. Photograph of isolated psychrophilic bacteria from soil of Nome
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Table 18. Physiological and biochemical properties of isolated bacteria from
milk

Strains

MA1-1 MAI1-3 MA2-1 MA3-1 MB26-4 MC14-3
Tests
1. Morphological
properties
Shape Rod Rod Rod Rod Rod Rod
Motility - - + - + -
Gram'’s stain G(-) G(-) G(-) G(-) G(-) G(-)

Spore formation - — - — _ _

2. Growth on medium

Agar plate medium(4, 15) + .+ + 4 -+ +,+ + + + o+
Agar slant medium

(slant/buttom) i i " " " *
Liquied medium(4) + + + + T +
3. Biochemical properties

Catalase + + + + + +
Oxidase + + + + + +
ONPG + + + + + +
Coloring matter formation - - - - + +
Citric acid - - + + + 3
HoS - - - - - -
Gas production + - + — + _
MacConkey + + + + + +
Hemolysis + + - — _ _
Growth(TSI) + + + + + +
(slant/buttom) A/A A/A A/A A/A A/A A/A
ADH - - - - — _
LDC - - - - + _
ODC - - - - T _
Urea - - - - + _

Oxidation-fermentation (glu) O/F O/F O/F O/F O/F O/F
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Table 18 continued

3. Biochemical

properties MAI-1 MAI-3 MA2-1 MA3-1 MB26-4 MC14-3
TDA - - _ - - B
IND - _ _ B - -

VP - _ _ B - -
Gelatine liquefacient - - _ _ B B
Glucose + n . . N .
Mannose + + + + ¥ +
Inositol - - _ _ B -
Sorbitol - - - - - -
Rhamnose + - + + i i
Saccarose + - N N B -
Melbizio + - i . ~ -
Amygdalin + - + + ~ -
Arabinose + - + + N .
Sucrose + + + + - n
Xylose + T 4 N N .
Presumptive

identification Aeromonas Aeromonas Chrysomonas - Chrysomonas - Agrobacter Pseudomonas
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Table 19. Physiological and biochemical properties of isolated bacteria from

soil of Mt. Hymalaya.

Strains

H1-2 H4-4 H20-4 H22-5 H27-1
Tests
1. Morphological properties
Shape Rod Rod Rod Rod Rod
Motility + + - - +
Gram'’s stain - + + + -
Spore formation - + + + -
2. Growth on medium
Agar plate medium(4, 15) ++ ++ ++ +Ht o
Agar slant medium

+.+ +.+ +.+ +.+ +.+
(slant/buttom) ’ , ’ ’ ,
Liquid medium(4) + + + + +
3. Biochemical properties
Catalase + + + + +
Oxidase + + + - +
ONPG + + + + +
Coloring matter formation - - - + +
Citric acid + - - + +
HzS - - - - -
Gas production + - - - +
MacConkey + - - - +
Hemolysis + + - - -
Growth(TSI) + + + + +

(slant/buttom) K/A K/A A/K A/K K/A

TRP - - - - -
ADH + - - - -
ESC + + + + +
Urea + - + - -
NOs3 + + + + +
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Table 19continued

3. Biochemical properties H1-2 H4-4 H20-5 H22-4 H27-1
PNPG + + + + +
Gelatin utilization - - - - -
Glycerol + + - + +
Erythritol - - - - -
D-arabinose - - - - -
L-arabinose + + - + +
Ribose + + - + +
D-xylitol + + - + +
L-xyritol - - - - -
Adonitol - + - + -
B-methyl-D-xyloside - + - + -
Galactose - - - - -
Glucose - + + + +
Fructose - - - - -
Mannose - - - - +
Sorbose - - + - -
Rhamnose + + - + +
Dulcitol + + + + -
Nositol - - - - -
Mannitol - - - - +
Sorbitol + + - + -
a—Methyl-D-mannoside - + - + -
a—methyl-D-glucoside + - + - -
N-Acetyl-Glucosamine - + + + -
Amygdaline - + - + -
Arbutin + + - + +
Esculin + - - + +
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Table 19 continued

Test H1-2 H4-4 H20-5 H22-4 H27-1
Salicin - + - + +
Cellobiose + + - " i
Maltose + + - + i
Lactose + + - + i
Melibiose + + - + .
Sucrose + - - - .
Trehalose + + - + i
Inulin - - - - _
Melezitose - - - . _
Raffinose + + - + i
Starch - - - - _
Glycogen - - - — n
Xylitol - - - — _
Genitobiose + T - n .
D-turanose - - - . _
D-Lyxose - - + - _
D-Tagatose + - + + _
D-Fucose - - + + _
L-Fucose - - + + _
D-Arabitol + - - . _
L-Arabitol - + - _
Gluconate + - n ¥ "
2-keto-gluconate + - - + -
5-keto-gluconate + - + + -
Presumptive ] '

‘dentification Aeromonas Bacillus  Bacillus  Bacllus Agrobacter
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Table 202> <& 27} BarrowA| Soll A Bl-2 o2 A A3sty 548 o
Bl Ao=m ausAe 7HOo R catalaseFAd, oxidaseS A SE  ONPGS
PNPG®] #3dl%5°] o™ hemolysis’7} €422 UeEWT T3 540 §glo
 citric aicd®] YA SZ Bl-2% Serratia spF73 € th. Table 219 Table 22+
B10-5¢} Bl4-59] AgAses SEHoz adgAde] HFo®  catalased A,
oxidaseA 22 ONPGe PNPGE &3lF°] /2™ hemolysis’t 422 UE
Uk =3 540 1o citric aicdd £A4 S E Enterobacter sp. = FAH
t}. Fairbanksol A #2]gt o] AgAystsls A4 Fo5-2& 29549 3H
© 2 catalase¥A, oxidase2Ad o=  ONPGS PNPGE #also] Yo
hemolysis7} &4 o2 verytt) =3 S5 4o] ¢1oM citric aicd$}t acetic acid
S-AJolal sorbitol & ©] 83K &= ACS R Hafmia sp FHAHEY (Table 23 ).
F7-2 (Table 24), F9-1 (Table 25)¢} F9-5 (Table 26)= Az]Asts2 54 0]
BE FALSE Ao =2 catalase¥ A, oxidaseSA o E ONPGE PNPGe 3% o]
Ao hemolysis7t 5402 YEYT g EAdo] flom citric aicd}

acetic acid ¥/ olil sorbitolE o] &3t ASE 2 Aeromonas sp F4 =M,

=

=)

F10-5% Serratia sp. 38 ¥t (Table 27). &2t2=7 Nome A oA E23F
Fol AuAstetd EA4S yEld Ao ® N6-3& Paenibacillus sp (Table 28),
N10-2 (Table 29)¢} N15-3 (Table 30)= Vibrio sp.2 NI12-4 (Table 31)%}
N12-5 (Table 32)= Rahnella sp. 7 ¥t}

d=o allgrell A gk wFo Aedsisty SAS AR A3 ST-12 1
Tde Ao 7hHF O R catalase¥ A, oxidase&/d o2 ONPGS PNPGY E&f50)
o™ hemolysis7t 5/ &2 YESTE gk 5ol §lom citric aicd®] &7
o2 VP %A, indol& FAIA  ¥ow  lactoseE ol &3E= FHS
Pseudoalteromonas sp. = FAETE (Table 33). S14-2& #3549 1o
catalase¥ A, oxidase2A o & ONPGE PNPGY #&lsol o™ hemolysisZt
Sgog el ma EAlo] glom citric aicd$t acetic acid &4do]lx

sorbitol & ©]| &3} ¥ & Hafnia sp. = F4 ¥ (Table 34).

Mo

2
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Table 20. Physiological and biochemical properties of strain B1-2

1.Morphological 2. Growth on 3. Biochemical
properties medium properties
R

Shape Agar(4,15) +,+Catalase

Motility - Slant + Oxidase

Gram - Liquied + ONPG

Spore - PNPG
Hemolysis

Substrate Substrate Substrate

4.Utilization;

Monomethylsuccinate

L-Alanylglycine

Acyclodextrin - Carboxylic acids L-Asparagine

Dextrin + Acetic acid L-Aspartic acid
Glycogen - Cis—aconotic acid L-Glutamic acid
N-Acetyl-D- galactosamin + Citric acid Glycyl-L-Aspartic acid
N-Acetyl-D-glucosamin + Formic acid Glycyl-L-Glutamic aicd

Adonitol

- D-Galactonic acid lactone

L-Histidine

L-Arabinose + D-Galacturonic acid Hydroxy-L-Proline
D-Arabitol - D-Gluconic aicd L-Leucine
Cellobiose - D-Glucosaminic acid L-Ornitine
L-Erythritol - D-Glucuronic acid L-Phenylalanine
D-Fructose + u-Hydroxy butric acid L-Proline

L-Fucose + P-Hydroxy butyric aicd L-Pyroglutamic aicd
D-Galactose + “-Hydoxy butyric aicd D-Serine
Gentiobiose - p—Hydroxy phenylacetic acid L-Serine
u1-D-Glucose + Itaconic acid L-Threonine
m-~Inositol + n-Ketobutyric acid D.L- Carnitine
u-D-Lactose + n-Ketoglutaric acid i-Aminobutyric aicd
Lactulose - u—-Ketovaleric aicd Urocanic aicd
Maltose + D.L-Lactic acid Nuclosides
D-Mannitol + Malonic aicd Inosine

D-Mannose Propionic acid Uridine

D-Melibiose Quinic acid Thymidine
f-Methyl-D-glucoside Alcohols

D-Psicose

N
N

+ D-Saccharic acid
+ Sebacic acid

N

2-Amino ethanol

D-Raffinose Bromosuccinic acid 2,3-Butanediol
L-Rhamnose - Succinic acid Glycerol

D-Sorbitol - Succinamic acid Phosphorylated compounds
Sucrose +  Detergents DLu-glycerol phosphate
D-Trehalose - Tween 40 Glucose -1- Phosphate
Turanose - Tween 80 Glucose-6-Phosphate
Xylitol - Amino acids Glucuron amide

Esters: D-Alanine Alanineamide

Methyl pyruvate - L-Alanine Putrescine
Presumptive )

. . Serratia sp.

identification
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Table 21. Physiological and biochemical properties of strain B10-5

1.Morphological 2. Growth on 3. Biochemical
properties medium properties
Shape i Agar(4,15) +,+Catalase +
Motility - Slant + Oxidase -
Gram - Liquied + ONPG +
Spore - PNPG +
Hemolysis -
Substrate Substrate Substrate
4.Utilization; Monomethylsuccinate - L-Alanylglycine +
Acyclodextrin - Carboxylic acids L-Asparagine +
Dextrin - Acetic acid - L-Aspartic acid -
Glycogen - Cis—aconotic acid - L-Glutamic acid -
N-Acetyl-D- galactosamin - Citric acid - Glycyl-L-Aspartic acid -
N-Acetyl-D-glucosamin + Formic acid - Glycyl-L-Glutamic aicd -
Adonitol - D-Galactonic acid lactone - L-Histidine -
L-Arabinose + D-Galacturonic acid - Hydroxy-L-Proline -
D-Arabitol + D-Gluconic aicd + L-Leucine -
Cellobiose + D-Glucosaminic acid - L-Ornitine -
L-Erythritol - D-Glucuronic acid - L-Phenylalanine -
D-Fructose + u-Hydroxy butric acid - L-Proline -
L-Fucose - P-Hydroxy butyric aicd - L-Pyroglutamic aicd -
D-Galactose + W-Hydoxy butyric aicd - D-Serine d
Gentiobiose - p-Hydroxy phenylacetic acid - L-Serine d
1-D-Glucose + Itaconic acid - L-Threonine -
m-Inositol - in-Ketobutyric acid - D.L- Carnitine -
u-D-Lactose - n-Ketoglutaric acid - i-Aminobutyric aicd -
Lactulose - u—-Ketovaleric aicd - Urocanic aicd -
Maltose + D.L-Lactic acid - Nuclosides
D-Mannitol + Malonic aicd - Inosine +
D-Mannose - Propionic acid - Uridine +
D-Melibiose + Quinic acid - Thymidine +
f-Methyl-D-glucoside - D-Saccharic acid - Alcohols

D-Psicose
D-Raffinose
L-Rhamnose
D-Sorbitol
Sucrose
D-Trehalose
Turanose
Xylitol

Esters:
Methyl pyruvate

- Sebacic acid

+ Bromosuccinic acid

- Succinic acid

- Succinamic acid

+ Detergents

+ Tween 40

+ Tween 80

- Amino acids
D-Alanine

- L-Alanine

- 2-Amino ethanol

+ 2,3-Butanediol

- Glycerol

- Phosphorylated compounds
- DLiu-glycerol phosphate

- Glucose -1- Phosphate

- Glucose-6-Phosphate

- Glucuron amide

- Alanineamide

+ Putrescine

Presumptive

identification

FEnterobacter sp
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Table 22. Physiological and biochemical properties of strain B14-5

1.Morphological

2. Growth on

3. Biochemical

properties medium properties
Shape Agar(4,15) +,+Catalase +
Motility - Slant + Oxidase -
Gram - Liquied + ONPG +
Spore - PNPG +
Hemolysis -
Substrate Substrate Substrate
4.Utilization; Monomethylsuccinate - L-Alanylglycine -
Acyclodextrin —~  Carboxylic acids L-Asparagine -
Dextrin + Acetic acid - L-Aspartic acid +
Glycogen - Cis—aconotic acid - L-Glutamic acid -
N-Acetyl-D- galactosamin - Citric acid - Glycyl-L-Aspartic acid -
N-Acetyl-D-glucosamin +  Formic acid - Glycyl-L-Glutamic aicd -
Adonitol - D-Galactonic acid lactone - L-Histidine -
L-Arabinose - D-Galacturonic acid - Hydroxy-L-Proline -
D-Arabitol - D-Gluconic aicd + L-Leucine -
Cellobiose - D-Glucosaminic acid - L-Ornitine -
L-Erythritol - D-Glucuronic acid - L-Phenylalanine -
D-Fructose + u-Hydroxy butric acid - L-Proline -
L-Fucose - P-Hydroxy butyric aicd - L-Pyroglutamic aicd -
D-Galactose +  w-Hydoxy butyric aicd - D-Serine d
Gentiobiose - p-Hydroxy phenylacetic acid - L-Serine d
1-D-Glucose +  Itaconic acid - L-Threonine -
m-Inositol - u-Ketobutyric acid - D.L- Carnitine -
u-D-Lactose + u-Ketoglutaric acid - —Aminobutyric aicd -
Lactulose - u-Ketovaleric aicd - Urocanic aicd -
Maltose - D.L-Lactic acid +  Nuclosides
D-Mannitol +  Malonic aicd - Inosine +
D-Mannose + Propionic acid - Uridine +
D-Melibiose + Quinic acid - Thymidine +
f-Methyl-D-glucoside + D-Saccharic acid - Alcohols

D-Psicose
D-Raffinose
L-Rhamnose

Sebacic acid
Bromosuccinic acid
Succinic acid

- 2-Amino ethanol
- 2,3-Butanediol
- Glycerol

D-Sorbitol - Succinamic acid - Phosphorylated compounds
Sucrose + Detergents - DLu-glycerol phosphate -
D-Trehalose + Tween 40 - Glucose -1- Phosphate +
Turanose - Tween 80 - Glucose-6-Phosphate +
Xylitol - Amino acids - Glucuron amide -
Esters: D-Alanine - Alanineamide -
Methyl pyruvate + L-Alanine - Putrescine -
Presumptive

] o Enterobacter sp.

identification
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Table 23. Physiological and biochemical properties

of strain B14-5

Substrate Substrate Substrate

4.Utilization; Monomethylsuccinate L-Alanylglycine d
Acyclodextrin - Carboxylic acids L-Asparagine -
Dextrin + Acetic acid L-Aspartic acid +
Glycogen - Cis—aconotic acid L-Glutamic acid -
N-Acetyl-D- galactosamin - Citric acid Glycyl-L-Aspartic acid -
N-Acetyl-D-glucosamin + Formic acid Glycyl-L-Glutamic aicd -
Adonitol - D-Galactonic acid lactone L-Histidine -
L-Arabinose + D-Galacturonic acid Hydroxy-L-Proline -
D-Arabitol + D-Gluconic aicd L-Leucine -
Cellobiose + D-Glucosaminic acid L-Ornitine -
L-Erythritol - D-Glucuronic acid L-Phenylalanine -
D-Fructose + u-Hydroxy butric acid L-Proline -
L-Fucose - f-Hydroxy butyric aicd L-Pyroglutamic aicd -
D-Galactose + ¥-Hydoxy butyric aicd D-Serine d
Gentiobiose + p-Hydroxy phenylacetic acid L-Serine d
u-D-Glucose + Itaconic acid L-Threonine -
m-Inositol - u-Ketobutyric acid D.L- Carnitine -
u-D-Lactose + u-Ketoglutaric acid “—Aminobutyric aicd -
Lactulose + u-Ketovaleric aicd Urocanic aicd -
Maltose + D.L-Lactic acid Nuclosides

D-Mannitol + Malonic aicd Inosine +
D-Mannose + Propionic acid Uridine +
D-Melibiose + Quinic acid Thymidine +
[-Methyl-D-glucoside + D-Saccharic acid Alcohols

D-Psicose - Sebacic acid 2-Amino ethanol -
D-Raffinose + Bromosuccinic acid 2,3-Butanediol -
L-Rhamnose - Succinic acid Glycerol +
D-Sorbitol - Succinamic acid Phosphorylated compounds
Sucrose +  Detergents DLu-glycerol phosphate +
D-Trehalose + Tween 40 Glucose —-1- Phosphate +
Turanose + Tween 80 Glucose-6-Phosphate +
Xylitol - Amino acids Glucuron amide -
Esters: D-Alanine Alanineamide

Methyl pyruvate + L-Alanine Putrescine -
Presumptive

. . Hafnia sp.

identification
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Table 24. Physiological and biochemical properties of strain F7-5

1.Morphological

2. Growth on

3. Biochemical

properties medium properties
Shape R Agar(4,15) +,+Catalase +
Motility - Slant + Oxidase -
Gram - Liquied + ONPG +
Spore - PNPG +
Hemolysis -
Substrate Substrate Substrate
4.Utilization; Monomethylsuccinate - L-Alanylglycine +
Acyclodextrin - Carboxylic acids L-Asparagine d
Dextrin + Acetic acid + L-Aspartic acid +
Glycogen - Cis—aconotic acid L-Glutamic acid +
N-Acetyl-D- galactosamin - Citric acid Glycyl-L-Aspartic acid -
N-Acetyl-D-glucosamin + Formic acid + Glycyl-L-Glutamic aicd +
Adonitol - D-Galactonic acid lactone - L-Histidine -
L-Arabinose + D-Galacturonic acid + Hydroxy-L-Proline -
D-Arabitol - D-Gluconic aicd + L-Leucine -
Cellobiose + D-Glucosaminic acid - L-Ornitine -
L-Erythritol - D-Glucuronic acid - L-Phenylalanine -
D-Fructose + u-Hydroxy butric acid - L-Proline -
L-Fucose - P-Hydroxy butyric aicd - L-Pyroglutamic aicd -
D-Galactose + W-Hydoxy butyric aicd - D-Serine d
Gentiobiose + p—-Hydroxy phenylacetic acid - L-Serine +
u-D-Glucose + Itaconic acid - L-Threonine -
m-Inositol - in-Ketobutyric acid - D.L- Carnitine -
u-D-Lactose + u-Ketoglutaric acid - —Aminobutyric aicd -
Lactulose + u-Ketovaleric aicd - Urocanic aicd -
Maltose + D.L-Lactic acid - Nuclosides -
D-Mannitol + Malonic aicd - Inosine +
D-Mannose + Propionic acid - Uridine +
D-Melibiose + Quinic acid d Thymidine +
f-Methyl-D-glucoside + D-Saccharic acid - Alcohols -
D-Psicose d Sebacic acid - 2-Amino ethanol -
D-Raffinose + Bromosuccinic acid - 2,3-Butanediol -
L-Rhamnose + Succinic acid - Glycerol +
D-Sorbitol + Succinamic acid - Phosphorylated compounds
Sucrose +  Detergents DLiu-glycerol phosphate +
D-Trehalose + Tween 40 - Glucose -1- Phosphate +
Turanose - Tween 80 - Glucose-6-Phosphate +
Xylitol - Amino acids Glucuron amide -
Esters: D-Alanine d Alanineamide -
Methyl pyruvate + L-Alanine d Putrescine -

Presumptive

identification

Aeromonas sp.
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Table 25. Physiological and biochemical properties of strain F9-1

1.Morphological 2. Growth on 3. Biochemical
properties medium properties
Shape i Agar(4,15) ++Catalase +
Motility - Slant + Oxidase -
Gram - Liquied + ONPG +
Spore - PNPG +
Hemolysis -
Substrate Substrate Substrate
4.Utilization; Monomethylsuccinate + L-Alanylglycine +
Acyclodextrin - Carboxylic acids L-Asparagine +
Dextrin + Acetic acid + L-Aspartic acid +
Glycogen Cis—aconotic acid - L-Glutamic acid +
N-Acetyl-D- galactosamin - Citric acid + Glycyl-L-Aspartic acid +
N-Acetyl-D-glucosamin + Formic acid + Glycyl-L-Glutamic aicd +
Adonitol - D-Galactonic acid lactone - L-Histidine -
L-Arabinose + D-Galacturonic acid + Hydroxy-L-Proline -
D-Arabitol - D-Gluconic aicd + L-Leucine -
Cellobiose + D-Glucosaminic acid - L-Ornitine -
L-Erythritol - D-Glucuronic acid - L-Phenylalanine -
D-Fructose + u-Hydroxy butric acid - L-Proline -
L-Fucose + f-Hydroxy butyric aicd - L-Pyroglutamic aicd
D-Galactose + ¥-Hydoxy butyric aicd - D-Serine d
Gentiobiose + p-Hydroxy phenylacetic acid - L-Serine +
u-D-Glucose + Itaconic acid - L-Threonine -
m-Inositol - u-Ketobutyric acid - D.L- Carnitine -
u-D-Lactose + u-Ketoglutaric acid - “—Aminobutyric aicd -
Lactulose + u-Ketovaleric aicd - Urocanic aicd -
Maltose + D.L-Lactic acid d  Nuclosides
D-Mannitol + Malonic aicd d Inosine +
D-Mannose + Propionic acid d Uridine +
D-Melibiose + Quinic acid - Thymidine +
[-Methyl-D-glucoside + D-Saccharic acid +  Alcohols
D-Psicose + Sebacic acid - 2-Amino ethanol -
D-Raffinose + Bromosuccinic acid + 2,3-Butanediol -
L-Rhamnose + Succinic acid + Glycerol +
D-Sorbitol + Succinamic acid - Phosphorylated compounds
Sucrose +  Detergents DLu-glycerol phosphate +
D-Trehalose + Tween 40 - Glucose -1- Phosphate +
Turanose - Tween 80 + Glucose-6-Phosphate +
Xylitol - Amino acids Glucuron amide -
Esters: D-Alanine d Alanineamide
Methyl pyruvate + L-Alanine Putrescine -

Presumptive

identification

Aeromonas sp.
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Table 26. Physiological and biochemical properties of strain F9-5

1.Morphological 2. Growth on 3. Biochemical
properties medium properties
Shape i Agar(4,15) ++Catalase +
Motility - Slant + Oxidase -
Gram - Liquied + ONPG +
Spore - PNPG +
Hemolysis -
Substrate Substrate Substrate
4.Utilization; Monomethylsuccinate + L-Alanylglycine +
Acyclodextrin - Carboxylic acids L-Asparagine +
Dextrin + Acetic acid + L-Aspartic acid +
Glycogen d Cis—aconotic acid - L-Glutamic acid +
N-Acetyl-D- galactosamin - Citric acid + Glycyl-L-Aspartic acid +
N-Acetyl-D-glucosamin + Formic acid + Glycyl-L-Glutamic aicd +
Adonitol - D-Galactonic acid lactone - L-Histidine -
L-Arabinose + D-Galacturonic acid + Hydroxy-L-Proline -
D-Arabitol - D-Gluconic aicd + L-Leucine -
Cellobiose + D-Glucosaminic acid - L-Ornitine -
L-Erythritol - D-Glucuronic acid - L-Phenylalanine -
D-Fructose + u-Hydroxy butric acid - L-Proline -
L-Fucose + f-Hydroxy butyric aicd - L-Pyroglutamic aicd -
D-Galactose + ¥-Hydoxy butyric aicd - D-Serine -
Gentiobiose + p-Hydroxy phenylacetic acid - L-Serine +
u-D-Glucose + Itaconic acid - L-Threonine -
m-Inositol - u-Ketobutyric acid - D.L- Carnitine -
u-D-Lactose + u-Ketoglutaric acid d “—Aminobutyric aicd -
Lactulose - u-Ketovaleric aicd - Urocanic aicd -
Maltose + D.L-Lactic acid d  Nuclosides
D-Mannitol + Malonic aicd d Inosine +
D-Mannose + Propionic acid Uridine +
D-Melibiose + Quinic acid d Thymidine +
[-Methyl-D-glucoside + D-Saccharic acid +  Alcohols
D-Psicose + Sebacic acid - 2-Amino ethanol -
D-Raffinose + Bromosuccinic acid + 2,3-Butanediol -
L-Rhamnose + Succinic acid + Glycerol +
D-Sorbitol + Succinamic acid - Phosphorylated compounds
Sucrose +  Detergents DLu-glycerol phosphate +
D-Trehalose + Tween 40 Glucose -1- Phosphate +
Turanose + Tween 80 + Glucose-6-Phosphate +
Xylitol - Amino acids Glucuron amide -
Esters: D-Alanine d Alanineamide
Methyl pyruvate + L-Alanine Putrescine -

Presumptive

identification

Aeromonas sp.
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Table 27. Physiological and biochemical properties of strain F10-5

1.Morphological 2. Growth on 3. Biochemical
properties medium properties
R
Shape Agar(4,15) +,Catalase
Motility - Slant + Oxidase
Gram - Liquied + ONPG
Spore - PNPG
Hemolysis
Substrate Substrate Substrate
4.Utilization; Monomethylsuccinate - L-Alanylglycine -
Acyclodextrin - Carboxylic acids L-Asparagine -
Dextrin - Acetic acid + L-Aspartic acid +
Glycogen + Cis—aconotic acid - L-Glutamic acid -

N-Acetyl-D- galactosamin
N-Acetyl-D-glucosamin
Adonitol
L-Arabinose
D-Arabitol
Cellobiose
L-Erythritol
D-Fructose
L-Fucose
D-Galactose
Gentiobiose
u1-D-Glucose
m-Inositol
iu-D-Lactose
Lactulose

Maltose

D-Mannitol
D-Mannose
D-Melibiose
f-Methyl-D-glucoside
D-Psicose
D-Raffinose
L-Rhamnose
D-Sorbitol

Sucrose
D-Trehalose
Turanose

Xylitol

Esters:

Methyl pyruvate

+ o+ o+

+

+ o+ o+ 4+

+

Citric acid

Formic acid
D-Galactonic acid lactone
D-Galacturonic acid
D-Gluconic aicd
D-Glucosaminic acid
D-Glucuronic acid
u-Hydroxy butric acid
P-Hydroxy butyric aicd
w-Hydoxy butyric aicd

p—Hydroxy phenylacetic acid

Itaconic acid
n-Ketobutyric acid
n-Ketoglutaric acid
u-Ketovaleric aicd
D.L-Lactic acid
Malonic aicd
Propionic acid
Quinic acid
D-Saccharic acid
Sebacic acid
Bromosuccinic acid
Succinic acid
Succinamic acid
Detergents

Tween 40

Tween 80

Amino acids
D-Alanine
L-Alanine

+ o+ o+ o+ o+ o+ o+

+

Glycyl-L-Aspartic acid
Glycyl-L-Glutamic aicd
L-Histidine
Hydroxy-L-Proline
L-Leucine

L-Ornitine
L-Phenylalanine
L-Proline
L-Pyroglutamic aicd
D-Serine

L-Serine

L-Threonine

D.L- Carnitine
—-Aminobutyric aicd
Urocanic aicd
Nuclosides

Inosine

Uridine

Thymidine

Alcohols

2-Amino ethanol
2,3-Butanediol

Glycerol
Phosphorylated compounds
DLu-glycerol phosphate
Glucose -1- Phosphate
Glucose-6-Phosphate
Glucuron amide
Alanineamide
Putrescine

+ o+ o+ o+

+

+ o+ o+

+

Presumptive

1dentification

Serratia sp.
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Table 28. Physiological

and biochemical properties of strain N6-3

1.Morphological 2. Growth on 3. Biochemical
properties medium properties

Shape R Agar(4,15) +,+Catalase

Motility - Slant + Oxidase

Gram - Liquied + ONPG

Spore - PNPG
Hemolysis

Substrate Substrate Substrate

4.Utilization;
Acyclodextrin
Dextrin
Glycogen
N-Acetyl-D- galactosamin
N-Acetyl-D-glucosamin
Adonitol
L-Arabinose
D-Arabitol
Cellobiose
L-Erythritol
D-Fructose
L-Fucose
D-Galactose
Gentiobiose
u1-D-Glucose
m-Inositol
u-D-Lactose
Lactulose
Maltose
D-Mannitol
D-Mannose
D-Melibiose
f-Methyl-D-glucoside
D-Psicose
D-Raffinose
L-Rhamnose
D-Sorbitol
Sucrose
D-Trehalose
Turanose
Xylitol

Esters:

Methyl pyruvate

+

+

+ o+ o+ o+ o+

+

+

+

Monomethylsuccinate
Carboxylic acids

Acetic acid
Cis-aconotic acid
Citric acid

Formic acid
D-Galactonic acid lactone
D-Galacturonic acid
D-Gluconic aicd
D-Glucosaminic acid
D-Glucuronic acid
u-Hydroxy butric acid
f-Hydroxy butyric aicd
¥-Hydoxy butyric aicd
p—-Hydroxy phenylacetic acid
Itaconic acid
n-Ketobutyric acid
n-Ketoglutaric acid
u—-Ketovaleric aicd
D.L-Lactic acid
Malonic aicd

Propionic acid

Quinic acid
D-Saccharic acid
Sebacic acid
Bromosuccinic acid
Succinic acid
Succinamic acid
Detergents

Tween 40

Tween 80

Amino acids

D-Alanine

L-Alanine

L-Alanylglycine
L-Asparagine
L-Aspartic acid
L-Glutamic acid
Glycyl-L-Aspartic acid
Glycyl-L-Glutamic aicd
L-Histidine
Hydroxy-L-Proline
L-Leucine

L-Ornitine
L-Phenylalanine
L-Proline
L-Pyroglutamic aicd
D-Serine

L-Serine

L-Threonine

D.L- Carnitine
¥-Aminobutyric aicd
Urocanic aicd
Nuclosides

Inosine

Uridine

Thymidine

Alcohols

2-Amino ethanol
2,3-Butanediol
Glycerol
Phosphorylated compounds
DLu-glycerol phosphate
Glucose -1- Phosphate
Glucose-6-Phosphate
Glucuron amide
Alanineamide

Putrescine

Presumptive

identification

Paenibacillus sp.
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Table 29. Physiological and biochemical properties of strain N10-2

1.Morphological

2. Growth on

3. Biochemical

properties medium properties

Shape Agar(4,15) +,+Catalase
Motility - Slant + Oxidase
Gram - Liquied + ONPG
Spore - PNPG

Hemolysis
Substrate Substrate Substrate
4.Utilization; Monomethylsuccinate - L-Alanylglycine
Acyclodextrin - Carboxylic acids L-Asparagine
Dextrin +  Acetic acid d L-Aspartic acid
Glycogen - Cis—aconotic acid - L-Glutamic acid

N-Acetyl-D- galactosamin
N-Acetyl-D-glucosamin
Adonitol

L-Arabinose
D-Arabitol

Cellobiose
L-Erythritol
D-Fructose

L-Fucose
D-Galactose
Gentiobiose
u-D-Glucose
m-Inositol
u-D-Lactose
Lactulose

Maltose

D-Mannitol
D-Mannose
D-Melibiose
f-Methyl-D-glucoside
D-Psicose
D-Raffinose
L-Rhamnose
D-Sorbitol

+ o+ o+ o+ o+ o+ o+ o+ o+

+

Citric acid

Formic acid
D-Galactonic acid lactone
D-Galacturonic acid
D-Gluconic aicd
D-Glucosaminic acid
D-Glucuronic acid
u-Hydroxy butric acid
f-Hydroxy butyric aicd
7-Hydoxy butyric aicd

p-Hydroxy phenylacetic acid

Itaconic acid
u-Ketobutyric acid
n-Ketoglutaric acid
n-Ketovaleric aicd
D.L-Lactic acid
Malonic aicd
Propionic acid
Quinic acid
D-Saccharic acid
Sebacic acid
Bromosuccinic acid
Succinic acid
Succinamic acid

- Glycyl-L-Aspartic acid
+ Glycyl-L-Glutamic aicd
- L-Histidine

+ Hydroxy-L-Proline

+ L-Leucine

- L-Ornitine

- L-Phenylalanine

- L-Proline

- L-Pyroglutamic aicd

- D-Serine

- L-Serine

- L-Threonine

- D.L- Carnitine

- —-Aminobutyric aicd

- Urocanic aicd

+  Nuclosides

- Inosine

- Uridine

- Thymidine

+  Alcohols

- 2-Amino ethanol

+ 2,3-Butanediol

+ Glycerol
Phosphorylated compounds

Sucrose + Detergents DLu-glycerol phosphate
D-Trehalose +  Tween 40 - Glucose -1- Phosphate
Turanose - Tween 80 - Glucose-6-Phosphate
Xylitol - Amino acids Glucuron amide

Esters: D-Alanine + Alanineamide

Methyl pyruvate + L-Alanine + Putrescine
Presumptive o

] o Vibrio sp.

identification
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Table 30. Physiological and biochemical properties of strain N12-4

1.Morphological 2. Growth on 3. Biochemical

properties medium properties

Shape R Agar(4,15) +,+Catalase +
Motility - Slant + Oxidase -
Gram - Liquied + ONPG

Spore - PNPG

Hemolysis -

Substrate Substrate Substrate
4.Utilization; Monomethylsuccinate L-Alanylglycine +
Acyclodextrin Carboxylic acids L-Asparagine +
Dextrin + Acetic acid + L-Aspartic acid +
Glycogen d Cis—aconotic acid L-Glutamic acid +
N-Acetyl-D- galactosamin Citric acid + Glycyl-L-Aspartic acid
N-Acetyl-D-glucosamin + Formic acid + Glycyl-L-Glutamic aicd
Adonitol D-Galactonic acid lactone L-Histidine +
L-Arabinose + D-Galacturonic acid + Hydroxy-L-Proline
D-Arabitol D-Gluconic aicd + L-Leucine
Cellobiose + D-Glucosaminic acid L-Ornitine
L-Erythritol D-Glucuronic acid L-Phenylalanine
D-Fructose + u-Hydroxy butric acid L-Proline
L-Fucose + f-Hydroxy butyric aicd L-Pyroglutamic aicd
D-Galactose + ¥-Hydoxy butyric aicd D-Serine

Gentiobiose + p-Hydroxy phenylacetic acid L-Serine +
u-D-Glucose + Itaconic acid L-Threonine
m-Inositol u-Ketobutyric acid D.L- Carnitine

u-D-Lactose + u-Ketoglutaric acid “—Aminobutyric aicd
Lactulose + u-Ketovaleric aicd Urocanic aicd
Maltose + D.L-Lactic acid d  Nuclosides
D-Mannitol + Malonic aicd Inosine +
D-Mannose + Propionic acid Uridine +
D-Melibiose + Quinic acid d Thymidine +
[-Methyl-D-glucoside + D-Saccharic acid +  Alcohols
D-Psicose + Sebacic acid 2-Amino ethanol
D-Raffinose + Bromosuccinic acid + 2,3-Butanediol
L-Rhamnose + Succinic acid + Glycerol +
D-Sorbitol + Succinamic acid Phosphorylated compounds
Sucrose +  Detergents DLu-glycerol phosphate +
D-Trehalose + Tween 40 Glucose -1- Phosphate +
Turanose + Tween 80 d Glucose-6-Phosphate +
Xylitol Amino acids Glucuron amide -
Esters: D-Alanine d Alanineamide
Methyl pyruvate + L-Alanine + Putrescine -
Presumptive L
] o Vibrio sp.
identification
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Table 31. Physiological and biochemical properties of strain N12-5

1.Morphological

2. Growth on

3. Biochemical

properties medium properties

Shape R Agar(4,15) + +Catalase +
Motility - Slant + Oxidase -
Gram - Liquied + ONPG
Spore - PNPG

Hemolysis -
Substrate Substrate Substrate
4.Utilization; Monomethylsuccinate + L-Alanylglycine +
Acyclodextrin - Carboxylic acids L-Asparagine +
Dextrin + Acetic acid + L-Aspartic acid +
Glycogen d Cis—aconotic acid + L-Glutamic acid +
N-Acetyl-D- galactosamin - Citric acid + Glycyl-L-Aspartic acid +
N-Acetyl-D-glucosamin + Formic acid + Glycyl-L-Glutamic aicd +
Adonitol - D-Galactonic acid lactone + L-Histidine -
L-Arabinose + D-Galacturonic acid + Hydroxy-L-Proline -
D-Arabitol - D-Gluconic aicd + L-Leucine -
Cellobiose + D-Glucosaminic acid d L-Ornitine -
L-Erythritol + D-Glucuronic acid d L-Phenylalanine -
D-Fructose + u-Hydroxy butric acid - L-Proline -
L-Fucose + f-Hydroxy butyric aicd - L-Pyroglutamic aicd -
D-Galactose + ¥-Hydoxy butyric aicd - D-Serine +
Gentiobiose + p-Hydroxy phenylacetic acid - L-Serine +
u-D-Glucose + Itaconic acid - L-Threonine -
m-Inositol - u-Ketobutyric acid - D.L- Carnitine -
a-D-Lactose + n-Ketoglutaric acid + w—Aminobutyric aicd -
Lactulose + u-Ketovaleric aicd - Urocanic aicd -
Maltose + D.L-Lactic acid +  Nuclosides
D-Mannitol + Malonic aicd + Inosine +
D-Mannose + Propionic acid d Uridine +
D-Melibiose + Quinic acid d Thymidine +
f-Methyl-D-glucoside + D-Saccharic acid +  Alcohols
D-Psicose + Sebacic acid - 2-Amino ethanol -
D-Raffinose + Bromosuccinic acid + 2,3-Butanediol -
L-Rhamnose + Succinic acid + Glycerol +
D-Sorbitol + Succinamic acid - Phosphorylated compounds
Sucrose +  Detergents DLu-glycerol phosphate +
D-Trehalose + Tween 40 - Glucose -1- Phosphate +
Turanose d Tween 80 + Glucose-6-Phosphate +
Xylitol - Amino acids Glucuron amide -
Esters: D-Alanine + Alanineamide
Methyl pyruvate + L-Alanine + Putrescine
Presumptive

Rahnella sp.

identfication
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Table 32 Physiological and biochemical properties of strain N15-3

1.Morphological

2. Growth on

3. Biochemical

properties medium properties

Shape R Agar(4,15) +,+ Catalase

Motility - Slant +  Oxidase

Gram - Liquied +  ONPG

Spore - PNPG

Hemolysis

Substrate Substrate Substrate
4.Utilization; Monomethylsuccinate d L-Alanylglycine
Acyclodextrin - Carboxylic acids L-Asparagine

Dextrin + Acetic acid - L-Aspartic acid
Glycogen - Cis—aconotic acid - L-Glutamic acid
N-Acetyl-D- galactosamin - Citric acid + Glycyl-L-Aspartic acid
N-Acetyl-D-glucosamin - Formic acid d Glycyl-L-Glutamic aicd
Adonitol - D-Galactonic acid lactone - L-Histidine
L-Arabinose + D-Galacturonic acid d Hydroxy-L-Proline
D-Arabitol + D-Gluconic aicd + L-Leucine

Cellobiose + D-Glucosaminic acid - L-Ornitine
L-Erythritol - D-Glucuronic acid - L-Phenylalanine
D-Fructose + u-Hydroxy butric acid - L-Proline

L-Fucose - P-Hydroxy butyric aicd - L-Pyroglutamic aicd
D-Galactose + i-Hydoxy butyric aicd - D-Serine

Gentiobiose + p-Hydroxy phenylacetic acid - L-Serine

u-D-Glucose + Itaconic acid - L-Threonine
m-Inositol - u-Ketobutyric acid - D.L- Carnitine
a-D-Lactose + u-Ketoglutaric acid - w=Aminobutyric aicd
Lactulose + u-Ketovaleric aicd - Urocanic aicd

Maltose + D.L-Lactic acid - Nuclosides

D-Mannitol + Malonic aicd - Inosine

D-Mannose + Propionic acid - Uridine

D-Melibiose + Quinic acid - Thymidine
f-Methyl-D-glucoside + D-Saccharic acid - Alcohols

D-Psicose + Sebacic acid - 2-Amino ethanol
D-Raffinose + Bromosuccinic acid + 2,3-Butanediol
L-Rhamnose - Succinic acid d Glycerol

D-Sorbitol - Succinamic acid - Phosphorylated compounds
Sucrose + Detergents DLu-glycerol phosphate
D-Trehalose + Tween 40 - Glucose —1- Phosphate
Turanose + Tween 80 + Glucose-6-Phosphate
Xylitol - Amino acids Glucuron amide
Esters: D-Alanine - Alanineamide

Methyl pyruvate d L-Alanine d Putrescine

Presumptive

1dentification

Rahnella sp.
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Table 33. Physiological and biochemical properties of strain S7-1

1.Morphological 2. Growth on 3. Biochemical
properties medium properties
Shape R Agar(4,15) + +Catalase
Motility - Slant + Oxidase
Gram - Liquied + ONPG
Spore - PNPG
Hemolysis
Test Raction Tests Reaction
Nitrate reduction - Mannitol -
VP test + Inositol -
Indole formation - Sorbitol +
Hydrogen sulfide
formation ) Rhamnose .
Citric acid utilization - Sucrose -
Urease test, - Mellibiose -
Gelatin liquiefaction + Amygdalin +
Arginine - Arabinose +
Lysine - Galatose -
Ornithine - Saccharose, +
Tryptophane - Trehalose, -
Glucose - Lactose +
Fructose - Xylose -
Presumptive
. L Pseudoalteromonas sp.
identification
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Table 34. Physiological and biochemical properties of strain S14-2

.Morphological 2. Growth on 3. Biochemical
properties medium properties
Shape i Agar(4,15) ++Catalase
Motility - Slant + Oxidase
Gram - Liquied + ONPG
Spore - PNPG

Hemolysis
Substrate Substrate Substrate
4.Utilization; Monomethylsuccinate - L-Alanylglycine
Acyclodextrin - Carboxylic acids L-Asparagine
Dextrin + Acetic acid - L-Aspartic acid
Glycogen - Cis—aconotic acid + L-Glutamic acid
N-Acetyl-D-galactosamin + Citric acid + Glycyl-L-Aspartic acid
N-Acetyl-D-glucosamin + Formic acid + Glycyl-L-Glutamic aicd
Adonitol - D-Galactonic acid lactone - L-Histidine
L-Arabinose - D-Galacturonic acid + Hydroxy-L-Proline
D-Arabitol - D-Gluconic aicd + L-Leucine
Cellobiose - D-Glucosaminic acid - L-Ornitine
L-Erythritol - D-Glucuronic acid - L-Phenylalanine
D-Fructose + u-Hydroxy butric acid - L-Proline
L-Fucose - f-Hydroxy butyric aicd - L-Pyroglutamic aicd
D-Galactose + ¥-Hydoxy butyric aicd - D-Serine
Gentiobiose + p-Hydroxy phenylacetic acid  + L-Serine
u-D-Glucose + Itaconic acid - L-Threonine
m-Inositol + u-Ketobutyric acid - D.L- Carnitine
u-D-Lactose + u-Ketoglutaric acid + “—Aminobutyric aicd
Lactulose - u-Ketovaleric aicd - Urocanic aicd
Maltose + D.L-Lactic acid +  Nuclosides
D-Mannitol + Malonic aicd - Inosine
D-Mannose + Propionic acid - Uridine
D-Melibiose + Quinic acid - Thymidine
[-Methyl-D-glucoside + D-Saccharic acid - Alcohols

D-Psicose
D-Raffinose
L-Rhamnose

Sebacic acid
Bromosuccinic acid
Succinic acid

- 2-Amino ethanol
+ 2,3-Butanediol
- Glycerol

D-Sorbitol + Succinamic acid - Phosphorylated compounds
Sucrose +  Detergents - DLu—glycerol phosphate
D-Trehalose + Tween 40 - Glucose -1- Phosphate
Turanose + Tween 80 + Glucose-6-Phosphate
Xylitol +  Amino acids Glucuron amide

Esters: D-Alanine + Alanineamide

Methyl pyruvate + L-Alanine + Putrescine
Presumptive

. . Hafnia sp.

identification
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t}. 16S rDNA sequencing 243}

FAroll A e s MB26-49F MC14-3

AL E ol % similarity S Z2AMSE A3 B dFEe EFEAT9 988% &
& UEtH(Table 35, Table 36). 16S rDNA = A3
Neighbor-joining method®] 2]3}¢] A& (phylogenetic tree)E ZA3tal 1 A
= Fig 79 YEFHA 2™ tree?] scale bart 0.01 substitution per siteZ 2|7
s}, ol el AF R FoA B3 T w5 Hafia alvei® F4H

32
oS
Jo

) dl&etof Al®

sl retoko A E2 3 H20-4 =+ 16S rDNA A A= 1492bp oAt}
AbitEIte]l A7) LE ol 9% similarityS ZAFSE A3 B AFE AT 98.6%
FAIEE Yedl oW Atfrthtobacter psychrolactophilus Qo= &
UHtable 37, Fig 8). H27-1°] 16S rDNA 32 97|44 =
1498bp oAt} FATF 2] % similarity & A]’?l’ A3 B 45 2T
98.8% FAIEE UYEUW AW Hafia alvei 9 §ATC 2 EHF QK Table 38,
Fig 9).

FI

) LTI R

427} Barrow A HolA EEe Bl-2 #F+= FE A, olgsty, Aupak
4 9 16S rDNA F#2te] A7|E 1424bp olw Akt E o] A7IME %
similarity & A A3 B dFE ZEdT9 996% FAIEE YERAG
(Table 39, Fig 10). Fairbanksel|l 4] 2] = 16S tDNA 97144 4

(ot
oo
A
[\

I FHAE 1498bp 1A FAFEET Y] 97N E % similarityE ZAMSE AT
B 3FE FETFY 988% FAIEE Ue WA o™  Hafmia alvei F+ATOE
EF 9 (Table 40, Fig 11). F10-5 2] 16S rDNA H A A= 1498bp ©] ™

AL ETY] G Ee % similarityS 2ARE A¥ B AFE B9
99.6% FAFEE YElNA e Hafmia alvei F9T7o2 750 (Table 41,
Fig 12). Nome®l A 23 N12-5 w59 16S rDNA 2+ 1498bp o™
A E el % similarityE ZAMSE 23 B dFE HEd T B8% FAIEE
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Yet 9l oY Rhanella aquaticus

4) F=AR

FATFoz /5 AHTable 42, Fig 13).

gFol A EEd SR-1 #F 16S rDNAE 1491bp ol FAMFEe] %

similarity S A3 A3 ®E #F

Pseudoalteromonas sp. % A2

v EFTFY 999% FAEE Yo
2 B HF ¥ Advk(table 43, Fig 14).

S14-2% 16s rDNAE 1498bp o™ A E 39 % similarity S FASE A3}

B FFE BT 996% FAME
F % 2 th(Table 44, Fig 15).

re
=l
o
fru
Mo

= YEelA oY Hafnia alvei

Table 35. Levels of 16S rDNA sequence similarity for strain MB26-4

with strains of some other related taxa.

Strain

% Similarity in

1 2 3 4 5 6 7 &8 9 10 11 1213

Strains S1

Obesumbacterium proteus DSM 2777T
Hafnia alvei ATCC 13337T

Serratia marcescens DSM 30121T
Serratia rubidaea DSM 4480T
Yersinia pestis D-28

Rahnella aquatica DSM 4594T
Erwinia amylovora DSM 30165T

9 Klebsiella pneumoniae DSM 30104T
10 Citrobacter freundii DSM 30039T

0 N N R W =

11 Pectobacterium carotovorum DSM 30168T

12 Pectobacterium cacticidum LMG 17936T
13 Brenneria salicis DSM 30166T

14 Vibrio cholerae CECT 514T

97.8
97.7 98.8

96.7 96.7 96.3

95.8 95.7 95.4 95.3

96.2 95.6 95.8 95.9 95.1

97.5 96.8 96.1 95.9 95.6 95.8

95.2 95.5 95.1 95.3 95.0 94.4 93.9

96.8 96.9 96.5 96.4 97.7 96.1 95.0 95.6

96.0 96.1 96.1 96.7 96.9 95.2 94.7 95.0 96.2

96.8 96.9 96.0 96.0 96.9 95.5 95.3 95.9 95.9 97.2

96.1 96.0 95.2 952 95.5 94.7 94.3 95.3 94.8 96.4 95.3

94.1 94.6 94.1 94.4 94.1 93.8 93.2 93.3 94.4 94.6 94.0 95.1
91.5 91.1 91.1 91.6 91.3 91.2 91.3 90.7 90.2 91.0 91.1 91.¢91.2
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Table 36. Levels of 16S rDNA sequence similarity for strain MC14-3

with strains of some other related taxa.

Strain % Similarity in
1 2 3 4 5 6 7 8 9 10 11 1213
1 Strain S1
2 Obesumbacterium proteus DSM 2777T 97.8
3 Hafnia alvei ATCC 13337T 97.7 98.8
4 Serratia marcescens DSM 30121T 96.7 96.7 96.3
5 Serratia rubidaea DSM 4480T 95.8 95.7 954 953
6 Yersinia pestis D-28 96.2 95.6 95.8 959 95.1
7 Rahnella aquatica DSM 4594T 97.5 96.8 96.1 959 95.6 95.8
8 Erwinia amylovora DSM 30165T 95.2 955 95.1 953 95.0 944 93.9
9 Klebsiella pneumoniae DSM 30104T 96.8 96.9 96.5 96.4 97.7 96.1 95.0 95.6
10 Citrobacter freundii DSM 30039T 96.0 96.1 96.1 96.7 96.9 952 94.7 95.0 96.2
11 Pectobacterium carotovorum DSM 30168T 96.8 96.9 96.0 96.0 96.9 95.5 95.3 959 959 97.2
12 Pectobacterium cacticidum LMG 17936T 96.1 96.0 952 952 955 94.7 943 953 94.8 96.4 953
13 Brenneria salicis DSM 30166T 94.1 94.6 94.1 94.4 94.1 93.8 93.2 93.3 94.4 94.6 94.0 95.1
14 Vibrio cholerae CECT 514T 91.5 91.1 91.1 91.6 91.3 91.2 91.3 90.7 90.2 91.0 91.1 91.691.4
254 Dmma.memliffﬂ{ﬂJﬂjlﬂ;l
Higfaig afver ATCC 133377 (M815154)
io Strwins MBS & MC14-3
Sirain k51
LK ) Saraim 51

Strain N11-5
Ralmells aguaicn DEM 45047 (L1273408)
B Fersiwla pestis D-X8 GU75270)
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W Serratia rubidene DEM ME0T (A5 356
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- Ervwiva ey lovera DISRE A0LEST (AR5 10y

Cirrodacier freuwsdy DM 300357 (AT HOE)

Paciokar irium carotevenom DER 301687 QUL
| Peciobac i coctic s LAEG 179367 (ATZ23408)
| Fil_— Brovemerin salicts DEM 301667 (AT 10018,

Fikrio cholerae CECT 5147 (X017
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Figure 7. Phylogenetic tree based on 16S rRNA sequences of strain
MB26-4, MC14-3, and strains of some other related taxa. Bootstrap
values (1000replications) are shown as percentage at each node only if
they are 50% or greater. Scale bar represents 0.01 substitution per
nucleotide position.
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Table 37. Levels of 16S rDNA sequence similarity for strain

strains of some other related taxa.

H20-4  with

% Similarity in :

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 Strain H20-4
2 Arthrobacter psychrolactophilus ATCC 700733T | 98.6
3 Arthrobacter oxydans DSM 20119T 97.4 96.9
4 Arthrobacter polychromogenes DSM 20136T 97.4 96.9 99.9
5 Arthrobacter sulfonivorans ATCC BAA-112T 97.4 96.8 97.9 97.9
6 Arthrobacter roseusDSM 14508T 97.0 96.2 97.7 97.6 97.6
7 Arthrobacter aurescensDSM 20116T 96.4 95.9 97.4 97.0 97.2 96.8
8 Arthrobacter chlorophenolicus DSM 12829T 97.1 96.5 98.3 982 97.7 97.4 97.3
9 Arthrobacter luteolus DSM 13067T 95.7 94.9 96.6 96.3 96.2 96.3 97.8 96.7
10 Arthrobacter koreensis KCTC 9922T 95.0 94.3 96.0 95.7 954 955 97.0 95.8 99.1
11 Arthrobacter globiformis DSM 20124T 96.1 95.8 97.7 97.5 97.7 96.5 96.5 97.1 96.2 95.4
12 Arthrobacter citreus DSM 20133T 95.3 94.6 96.3 96.0 959 96.2 96.6 96.5 98.8 98.1 95.7
13 Arthrobacter ureafaciens DSM 20126T 96.0 95.7 97.2 96.8 97.2 96.1 97.9 96.9 96.6 96.1 96.8 96.2
14 Arthrobacter ilicis DSM 20138T 95.9 95.2 96.9 96.7 96.5 96.2 98.8 97.0 97.4 96.9 95.8 96.2 97.6
15 Arthrobacter histidinovorans DSM 20115T 96.3 95.7 97.8 97.5 97.4 96.8 98.6 97.6 97.0 96.4 96.9 96.5 98.7 98.5
16 Arthrobacter pascens DSM 20545T 96.6 96.3 97.8 97.6 97.8 96.9 96.8 97.2 95.9 95.1 99.3 95.5 96.4 96.1 97.2
17 Arthrobacter nicotinovorans DSM 420T 96.3 96.0 97.8 97.6 97.4 96.9 98.8 97.9 97.1 96.4 97.0 96.6 99.0 98.6 99.7 97.2
18 Kocuria rosea DSM 20447T 94.8 94.4 957 955 955 96.3 95.8 95.4 95.6 95.0 96.1 95.0 94.9 95.3 95.7 96.5 95.7
19 Nesterenkonia halobia DSM 20541T 92.9 92.6 93.5 93.2 93.4 93.1 93.0 92.9 93.1 92.5 94.7 92.6 92.8 92.6 93.1 94.5 93.3 94.1
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Fig 8. Phylogenetic tree based on 16S rRNA sequences of strain H20-4 and the

representative of some other related taxa.
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Table 38. Levels of 16S rDNA sequence similarity fo strains H27-1 with

strains of some other related taxa.

% Similarity in
1 2 3 4 5 6 7 8 9 10 11 12 13

Strain

1 Strains H27-1
2 Obesumbacterium proteus DSM 2777T 97.8

3 Hafnia alvei ATCC 13337T 97.7 98.8

4 Serratia marcescens DSM 30121T 96.7 96.7 96.3

5 Serratia rubidaea DSM 4480T 95.8 95.7 954 953

6 Yersinia pestis D-28 96.2 95.6 95.8 95.9 95.1

7 Rahnella aquatica DSM 4594T 97.5 96.8 96.1 95.9 95.6 95.8

8 Erwinia amylovora DSM 30165T 952 95.5 95.1 953 95.0 94.4 93.9

9 Klebsiella pneumoniae DSM 30104T 96.8 96.9 96.5 96.4 97.7 96.1 95.0 95.6

10 Citrobacter freundii DSM 30039T 96.0 96.1 96.1 96.7 96.9 952 94.7 95.0 96.2

11 Pectobacterium carotovorum DSM 30168T [96.8 96.9 96.0 96.0 96.9 955 953 959 959 97.2

12 Pectobacterium cacticidum LMG 17936T  |96.1 96.0 95.2 95.2 95.5 94.7 94.3 95.3 94.8 96.4 95.3

13 Brenneria salicis DSM 30166T 94.1 94.6 94.1 94.4 94.1 93.8 93.2 93.3 94.4 94.6 94.0 95.1

14 Vibrio cholerae CECT 514T 91.591.1 91.1 91.6 91.3 91.2 91.3 90.7 90.2 91.0 91.1 91.€¢91.4
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Fig 9. Phylogenetic tree based on 16S rRNA sequences of strain H27-1 and

the representative of some other related taxa.
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Table 39. Levels of 16S rDNA sequence similarity for strain Bl with the strains

of some other related taxa.

% Similarity in :
Strain
1 13 14 15
1 Strain B1-2
2 Serratia grimesii DSM 30063T 99.6
3 Serratia proteamaculans DSM 4543T 99.6  99.7
4 Serratia quinivorans DSM 4597T 994 99.5 99.6
5 Serratia marcescens DSM 30121T 96.4 96.5 962 96.9
6 Serratia rubidaea DSM 4480T 96.1 956 953 957 975
7 Serratia entomophila DSM 12358T 97.5 97.7 975 97.8 97.7 96.9
8 Serratia ficaria DSM 4569T 97.7 98.0 97.7 98.0 97.7 96.8 99.3
9 Serratia fonticola DSM 4576T 98.3 983 984 982 964 96.1 973 974
10 Serratia odorifera DSM 4582T 97.0 96.9 96.7 969 979 97.0 982 984 96.8
11 Serratia plymuthica DSM 4540T 98.5 98.8 985 989 973 959 983 988 974 975
12 Obesumbacterium proteus DSM 2777T 97.6 98.0 98.0 983 963 954 969 97.0 975 962 97.8
13 Hafnia alvei ATCC 13337T 97.5 979 979 982 963 953 969 97.0 97.6 962 97.7 99.8
14 Rahnella aquatica DSM 4594T 973 96.5 963 96.0 956 958 96.1 96.0 963 953 963 96.1 959
15 Erwinia amylovora DSM 30165T 953 95.6 955 955 950 944 955 957 954 955 957 951 953 942
16 Klebsiella pneumoniaeDSM 30104T 96.2 964 963 962 977 96.1 96.6 97.0 962 969 96.4 96.5 964 956 965

Serratia marcescens DSM 301217 (A1233431)
Serratia rubidaea DSM 4480" (AJ233436)
Serratia odorifera DSM 45827 (A1233432)
Serratia entomophila DSM 123587 (AJ233427)
Serratia ficaria DSM 45697 (AJ233428)
Serratia plymuthica DSM 45407 (AJ233433)

Serratia grimesii DSM 300637 (A1233430)

Strain B1-2

Serratia proteamaculans DSM 45437 (AJ233434)
Serratia quinivorans DSM 45977 (AJ233435)
Serratia fonticola DSM 45767 (AJ233429)
Obesumbacterium proteus DSM 27777 (AJ233422)
100 Hafiia alvei ATCC 13337 (M59155)
Rahnella aquatica DSM 45947 (AJ233426)
Citrobacter freundii DSM 300397 (A1233408)
Klebsiella pneumoniae DSM 301047 (AJ233420)
Erwinia amylovora DSM 301657 (AJ233410)
Pectobacterium cacticidum LMG 179367 (AJ223409)
Brenneria salicis DSM 301667 (AJ233419)
Pectobacterium carotovorum DSM 301687 (AJ233411)
Yersinia pestis D-28 (X75274)

Vibrio cholerae CECT 5147 (X76337)

0.01

Fig 10. Phylogenetic tree based on 16S rDNA sequences of strain B1-2 and

the representative of some other related taxa.
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Table 40. Levels of 16S rDNA sequence similarity for strains F5-2  with

the strains of some other related taxa.

Strain % Similarity in
1 2 3 4 5 6 7 8 9 10 11 12 13

1 Strains F5-2

2 Obesumbacterium proteus DSM 2777T 97.8

3 Hafnia alvei ATCC 13337T 97.7 98.8

4 Serratia marcescens DSM 30121T 96.7 96.7 96.3

5 Serratia rubidaea DSM 4480T 95.8 957 954 953

6 Yersinia pestis D-28 96.2 95.6 95.8 959 95.1

7 Rahnella aquatica DSM 4594T 97.5 96.8 96.1 959 95.6 95.8

8 Erwinia amylovora DSM 30165T 952 955 95.1 953 95.0 944 93.9

9 Klebsiella pneumoniae DSM 30104T 96.8 96.9 96.5 964 97.7 96.1 95.0 95.6

10 Citrobacter freundii DSM 30039T 96.0 96.1 96.1 96.7 96.9 952 94.7 95.0 96.2

11 Pectobacterium carotovorum DSM 30168T | 96.8 96.9 96.0 96.0 96.9 955 953 959 959 972

12 Pectobacterium cacticidum LMG 17936T | 96.1 96.0 952 952 955 94.7 943 953 94.8 964 953

13 Brenneria salicis DSM 30166T 94.1 94.6 94.1 944 94.1 93.8 93.2 933 944 94.6 94.0 95.1

14 Vibrio cholerae CECT 514T 91.5 91.1 91.1 91.6 91.3 91.2 91.3 90.7 90.2 91.0 91.1 91.6 91.4

6 Obesumbacterium proteus DSM 27777 (AJ233422)
Hafhia alvei ATCC 133377 (M59155)

Strains H27-1

Strain F5-2

100! Strain S1

100 Strain N12-5

Rahnella aquatica DSM 45947 (AJ233426)
Yersinia pestis D-28 (X75274)

Serratia marcescens DSM 301217 (AJ233431)
Serratia rubidaea DSM 44807 (AJ233436)
Klebsiella pneumoniae DSM 301047 (AJ233420)
Erwinia amylovora DSM 301657 (AJ233410)
Citrobacter freundii DSM 300397 (AJ233408)
Pectobacterium carotovorum DSM 30168T (AJ233411)
Pectobacterium cacticidum LMG 179367 (AJ223409)
Brenneria salicis DSM 301667 (AJ233419)
Vibrio cholerae CECT 514T (X76337)

0.01

Fig 11. Phylogenetic tree based on 16S rDNA sequences of strain F5-2 and

the representative of some other related taxa.
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Table 41. Levels of 16S rDNA sequence similarity for strain F10-5 with

strains of some other related taxa.

Strain % Similarity in
1 2 3 4 5 6 7 8 9 10 11 12 13

1 Strains F10-5
2 Obesumbacterium proteus DSM 2777T 97.8
3 Hafnia alvei ATCC 13337T 97.7 98.8
4 Serratia marcescens DSM 30121T 96.7 96.7 96.3
5 Serratia rubidaea DSM 4480T 95.8 95.7 954 953
6 Yersinia pestis D-28 96.2 95.6 95.8 959 95.1
7 Rahnella aquatica DSM 4594T 97.5 96.8 96.1 959 95.6 95.8
8 Erwinia amylovora DSM 30165T 952 955 95.1 953 95.0 944 939
9 Klebsiella pneumoniae DSM 30104T 96.8 96.9 96.5 96.4 97.7 96.1 95.0 95.6
10 Citrobacter freundii DSM 30039T 96.0 96.1 96.1 96.7 96.9 952 94.7 95.0 96.2
11 Pectobacterium carotovorum DSM 30168T 96.8 96.9 96.0 96.0 96.9 95.5 953 959 959 97.2
12 Pectobacterium cacticidum LMG 17936T 96.1 96.0 95.2 95.2 95.5 94.7 943 953 94.8 964 953
13 Brenneria salicis DSM 30166T 94.1 94.6 94.1 94.4 94.1 93.8 932 933 944 94.6 94.0 95.1
14 Vibrio cholerae CECT 514T 91.5 91.1 91.1 91.6 91.3 91.2 91.3 90.7 90.2 91.0 91.1 91.6914

Serratia marcescens DSM 301217 (AJ233431)
Serratia rubidaea DSM 44807 (AJ233436)

Serratia odorifera DSM 45827 (AJ233432)
Serratia entomophila DSM 123587 (AJ233427)
Serratia ficaria DSM 4569" (AJ233428)

Serratia plymuthica DSM 45407 (AJ233433)
Serratia grimesii DSM 300637 (AJ233430)

Strain B1-2

7 §erratia proteamaculans DSM 45437 (AJ233434)

Serratia quinivorans DSM 45977 (AJ233435)

Strain F10-5

Serratia fonticola DSM 45767 (AJ233429)
Obesumbacterium proteus DSM 27777 (AJ233422)

100L Hafiia alvei ATCC 133377 (M59155)

Yersinia pestis D-28 (X75274)

Rahnella aquatica DSM 45947 (AJ233426)
Citrobacter freundii DSM 30039 (AJ233408)
Klebsiella pneumoniae DSM 301047 (AJ233420)
Erwinia amylovora DSM 301657 (AJ233410)

Pectobacterium carotovorum DSM 301687 (AJ233411)

Pectobacterium cacticidum LMG 17936 (AJ223409)

0.01

Vibrio cholerae CECT 5147 (X76337)

Fig 12. Phylogenetic tree based on 16S rDNA sequences of strain F10-5 and

the representative of some other related taxa.
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Table 42. Levels of 16S rDNA sequence similarity for strain N12-5 with strains of

some othe related taxa.

Strain % Similarity in
1 2 3 4 5 6 7 8 9 10 11 1213
1 Strains N12-5
2 Obesumbacterium proteus DSM 2777T 97.8
3 Hafnia alvei ATCC 13337T 97.7 98.8
4 Serratia marcescens DSM 30121T 96.7 96.7 96.3
5 Serratia rubidaea DSM 4480T 95.8 95.7 95.4 95.3
6 Yersinia pestis D-28 96.2 95.6 95.8 95.9 95.1
7 Rahnella aquatica DSM 4594T 97.5 96.8 96.1 95.9 95.6 95.8
8 Erwinia amylovora DSM 30165T 95.2 95.5 95.1 95.3 95.0 94.4 93.9
9 Klebsiella pneumoniae DSM 30104T 96.8 96.9 96.5 96.4 97.7 96.1 95.0 95.6
10 Citrobacter freundii DSM 30039T 96.0 96.1 96.1 96.7 96.9 95.2 94.7 95.0 96.2
11 Pectobacterium carotovorum DSM 30168T 96.8 96.9 96.0 96.0 96.9 95.5 95.3 95.9 95.9 97.2
12 Pectobacterium cacticidum LMG 17936T 96.1 96.0 95.2 95.2 95.5 94.7 94.3 95.3 94.8 96.4 95.3
13 Brenneria salicis DSM 30166T 94.1 94.6 94.1 94.4 94.1 93.8 93.2 93.3 94.4 94.6 94.0 95.1
14 Vibrio cholerae CECT 514T 91.5 91.1 91.1 91.6 91.3 91.2 91.3 90.7 90.2 91.0 91.1 91.€91.¢
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Sranf52
SirainS1
SranNI25
Rivellaaqatica DRVEDAT (AT3346)
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Ketsidlapraunorice TRVBOI0AT (A23340)
BviniaanioaaTAVRIET (A33410)
Girabadter freudii DRVIIBS (A33408)
PatabactariumaroioionmDRVB0IEST (AD33411)
PatobacteriumandicidmIMG17936" (A23409)
Bevaiasdics DRV0I66T (A33419)
Vitvio cholerae (BCT 5147 (XI6337)
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Fig 13. Phylogenetic tree based on 16S rDNA sequences of strain N12-5 and

the representative of some other related taxa.

- 133 -



Table 43. Levels of 16S rDNA sequence similarity for strain S7-1 with

the strains of some other related taxa.

% Similarity in:
Strain 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 Strain S7-1
2 Pseudoalteromonas paragorgicola KMM 3548T 99.5
3 Pseudoalteromonas elyakovii ATCC 700519T 99.699.9
4 Pseudoalteromonas distincta ATCC 700518T 99.599.7 99.9
5 Pseudoalteromonas agarivorans KMM 255T 99.499.799.7 99.6
6 Pseudoalteromonas antarctica CECT 4664T 98.998.798.9 98.7 98.6
7 Pseudoalteromonas translucida KMM 520T 99.199.099.1 98.8 98.8 99.2
8 Pseudoall haloplanktisATCC 14393T 99.299.599.6 99.4 99.3 99.0 99.0
9 Pseudoalteromonas nigrifaciens NCIMB 8614T 99.599.799.9 99.7 99.6 99.1 99.2 99.9
10 Pseudoalteromonas undina NCIMB 2128T 99.199.499.5 99.3 99.4 99.0 99.1 99.6 99.7
11 Pseudoalteromonas atlantica 1AM 12927T 99.499.6 99.7 99.6 99.9 98.6 98.7 99.3 99.6 99.5
12 Pseudoalteromonas carrageenovora ATCC 12662T {99.299.4 99.6 99.4 99.4 98.4 98.5 99.1 99.4 99.5 99.7
13 Pseudoal issachenkonii LMG 19697T 99.199.599.5 99.4 99.4 98.3 98.7 98.8 99.3 99.5 99.5 99.5
14 Pseudoals as tetraodonis 1AM 14160T 98.799.1 99.2 98.9 99.0 98.0 98.1 98.7 98.9 99.1 99.2 99.1 99.9
15 Pseudoall marinigluti KMM 3635T 97.797.597.5 97.397.596.8 96.9 97.1 97.3 97.4 97.6 97.3 98.0 98.0
16 Pseudoalteromonas rubra ATCC 729570T 96.090.3 96.4 96.1 96.3 95.4 95.4 96.2 96.4 96.5 96.7 96.8 96.9 97.0 95.8
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Peudoalterononas antarctica CBCT 46647 (X98336)
Beudodlterononas translucida KNM 520" (AY0A0230)
Beudoalterononas haloplanktis ATCC 14393 (X67024)
Beudoalteromonas nigrifaciens NOIVB 86147 (X82146)
Beudoalteromonas undina NOIVB 2128" (X82140)
Beudoalteromonas paragorgicola KMM3548T (AY040229)
Beudoalterononas elyakovii ATCC 700519 (ARR25G2)
Beudoditerononas distincta ATGC 700518" (ARM3742)
Strain S7-1
Peudodlteromonas agarivorans KMM255T (AI417594)
Beudodlterononas atlantica IAM 129277 (X82134)
Pyeudodlterononas espgiiana NOMB 2127" (X82143)
Beudoalteromonas carrageenovora ATCC 126627 (X82136)
Beudodlterononas issachenkonii IMG 19697" (AF316144)
B3L Peudoalteromonas tetraodonis IAM 141607 (X82139)
Beudoalterononas marinighutinosa KMM3635T (A1507251)
Beudoalterononas prydeensis ACAME0T (LB5855)
1o~ Beeudoalteromonas maricaloris KMM636T (AF144036)
Peudodlteromonas peptidoly tica DEM 140017 (AR007286)
Pyeudodlterononas rubra ATCC 295707 (X2147)
Beudoditerononas uteoviolacea NOIVB 18937 (X82144)
Beudoalteromonas pherolica TAM 14989" (AF332880)
Beudoditeromonas rnuthenica KMM300" (AF316891)
Pyeudoalterononas citrea NOIVB 1889" (X82137)
104 Pevdodlterononas aurantia ATCC33046" (XR2135)
Beudoalterononas denitrificans ATCC 43337 (XR2138)
l: Beudodterononas ubiae NOIVB 13762" (AF172987)
99 Bsewdodlteromonas tunicata COUG 26757" (22552)
wo—— Colnellia psychrerythraea ACAMS550T (AR001375)
_| L Giwalliamawis IOM10085T (ABX2630)
Pychrononas antarctica DEM10704T (Y14697)
woy— Alterononas marina KOOMA41638T (AF529060)
L Alterononas macleodii DEMO0G2T (Y18228)
Vibyio cholerae CBCT 514" (X76337)

752
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Fig 14. Phylogenetic tree based on 16S rRNA sequences of strain S7-1
the representative of some other related taxa.

and
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Table 44. Levels of 16S rDNA sequence similarity for strain S14-2 with

the strains of some other related taxa.

Strain % Similarity in
1 2 3 4 5 6 7 8 9 10 11 1213
1 Strains S14-2
2 Obesumbacterium proteus DSM 2777T 97.8
3 Hafnia alvei ATCC 13337T 97.7 98.8
4 Serratia marcescens DSM 30121T 96.7 96.7 96.3
5 Serratia rubidaea DSM 4480T 95.8 95.7 954 953
6 Yersinia pestis D-28 96.2 95.6 95.8 95.9 95.1
7 Rahnella aquatica DSM 4594T 97.5 96.8 96.1 959 95.6 95.8
8 Erwinia amylovora DSM 30165T 952 955 951 953 95.0 94.4 939
9 Klebsiella pneumoniae DSM 30104T 96.8 96.9 96.5 96.4 97.7 96.1 95.0 95.6
10 Citrobacter freundii DSM 30039T 96.0 96.1 96.1 96.7 96.9 952 94.7 95.0 96.2
11 Pectobacterium carotovorum DSM 30168T 96.8 96.9 96.0 96.0 96.9 95.5 953 959 959 97.2
12 Pectobacterium cacticidum LMG 17936T 96.1 96.0 952 952 955 94.7 943 953 94.8 964 953
13 Brenneria salicis DSM 30166T 94.1 94.6 94.1 944 94.1 93.8 932 933 944 94.6 94.0 95.1
14 Vibrio cholerae CECT 514T 91.5 91.1 91.1 91.6 91.3 91.2 91.3 90.7 90.2 91.0 91.1 91.691.4

100

0.01

99.6[" Obesumbacterium proteus DSM 27777 (AJ233422)
Hafnia alvei ATCC 133377 (M59155)
Strains H27-1
Strain F5-2
100! Strain S14-2
Strain N12-5
Rahnella aquatica DSM 4594T (A1233426)
Yersinia pestis D-28 (X75274)

Serratia marcescens DSM 301217 (AJ233431)
Serratia rubidaea DSM 44807 (AJ233436)
Klebsiella pneumoniae DSM 301047 (AJ233420)
Erwinia amylovora DSM 301657 (AJ233410)
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50040 Buffer AW2E i1
14,000rpmel A4l 3min(Column< A Z3}7] $3lA4)

10. DNeasy MINI Spin columng 1.5-2.0 micnetrifuge tube °l % il
1000 Buffer AE(Onto DNeasy MINI Spin membrane, warm)
Room teinp, S5min
8,000rpm, 1min
Elution 100p-200p =&t}

11. ThA] DNeasy MINI Spin membrane®] 200x0 Buffer AE ¥ 11
Room tefnp, S5min
8,000rpm, 1min
Elu%ion

12. Electrophoresis3tth(1% Agarose gel, 75V)

Fig 2. Isolation of chromosomal DNAof bacteria(Gram+)
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2) Chromosomal DNA¢®] H-& E3j
Chromosomal DNA(25ug/200ul)oll Sau3Al 2unitE 73k % 30Ceo|A Hk
S3fo] BE E . 8= chromosomal DNAZF &3] o] agarose #7]

Fedl derA o83 DNAZE A7 R 235 wad o 7bx Qs

3) 4-10kb DNA = # %24 7|
FEE3S  chromosomal DNA F3EE agarosedA HA7]dFs F

QIAquick gel extraction kitZ (Quigen Co.)S o]&3lo] 73ttt

4) Cloning

4-10kb DNA Z# & pRSETInvitrogen)ol ligation & E. coli ToplOF'ol| 4F
A& ATt Ecoli®l A H3S electroporationo. & A A stFGtt. FAAS E coli
frst= LB agarel wiste]l X-galis < vebt

ga
gelste] A4 FIFEdELr FHAAE 7HA
=
=

i

ampicillin¥} X-gal&

H
=
=

Mo mol

s

go= fFade wd

i

ey, Axd

o

colonyE EZ3t9tt. #E3  colonyZHEH  plasmid

subcloning, DNA sequencingS A FAxS &g

2. DNA sequencing
BIG Dye Automatic sequencer(ABI 377)3¥ PE9600 Thermocycler(Perkin

Elmer)E o] &3] 2442 nucleotide?] sequenceZ Z A 31t}

Jm

3. 82254

2% Ecoli®l crude cell extractZ polyacrylamide 7.5%% SDS-PAGE<®}
Native-PAGEZS 2 Al3te] (Laemmli, 1970) Coomassie brilliant blue @A o =
bandE <13t Crude enzyme®| FHA %9} HZA pHE ZAFSHAT A A
pHE 46796914 ZAFSFS L pH4.6676.64% citrate-NaOH(0.01M)  buffer,
pH6.177.682 Na-phosphate(0.01M)bufferE AF-&3F o™, Z+ pHe| buffero] A <]
Z7MSEEE SASAT A5 E 4TT60TAA ZAEIG o 4o &4
2 Na-phosphate pH6.8(0.01M)el A FA3tAtt Aol digt 7149 F=
ONPGE Na-phosphate(pH 6.8, 0.01M)Z 712 & A}-&3}5 ).

O

i
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A 3-8 Ay @ gz

1. 334 FEEsl 249 42 2 cloning

Z]

A

7F A

1) Chromosomal DNA &1
HF Y3 10¢FE AR Quiagen KitE ©]4€3}e]  chromosomal

DNA® g8t o 22 ¥ chromosomal DNAE Fig 33 2t}

2) SAU3AIS & partial digestion
93} chromosomal DNAS Sau3Ale® FEEE 3 A3 Fig 49 2o

3) 4-6kb DNA = #H &

BB S chromosomal DNA #31ES agaroseolld H7]9% % gene

clean® (Quigen co.)& ©]&3lo] &gt A= Fig 59 Zh
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g, fda Tz

MC14-3(A1), MC14-3(A3), N12-5, MB26-4°ll 4] [i-galactosidasefr# A=
gatdon, Y FAAES A4 MCI4—3(A1)[‘i—gal MC14-3(A3)-gal,
N12-5(-gal 2tit HHa3Ath o5 A7IALE Fig 7, 8l AAH A= whe}
2k MB26-400l A4 iz 2 dde] 28 HAey o= MCI4-3(Al)f-gal
7 FdsAh

MC14-3(AD)i-gal 888 @712 FdAe N &k 799 BE FHa7F &
g ¥ ¢lem  cloningoll AF&¥ pRSET C ¢ €42 Z=&
o] C ¥d R9E FAsy vt I1HERE o] F
-galactosidaset™= 295711¢] ofn|=ito g2 G =] Qa1 33709 dae] A=} pH

+

A

L
N
frt
4z
lnl
i3
0%
N
>,
i)
|

5.279] plat< 7}A] 3L A= Rno=g A=) MC14-3(A3)[~gal,
deoxyribonucleotide 9180 = FA=o] glom Aty =  [-galactosidases

ot

30578 8] opm=Ato® g Eo] dar, 34806 da®l EAEFH pH 5469 plits

AT 9 Aow FAHT)

MC14-3(Al)f-gal, MC14-3(A3)f-gal ©] LdF thdT 9 cell free extracts
°] SDS-PAGE Z3}7F Fig 9, 10 ] AA[= o} glom, E5F 30-35 kDol A A=
i band7b €<l ¥ At

HA 2x9 FHA pHE FAslgE=d MC14-3(Al)E-gal [i-galactosidase?]
A9 HALE=E 37C HA pHE 68(Fig 1D)olw, MC14-3(A3)E-gal [
—galactosidase?] #HA %+ 37C, #A pHE 72[Fig 12) ot} olE FRAAE
223k n B Eo] AAE [i-galactosidase®] HA pHE  thawolA wa=® #
-galactosidase®} A A4 &x= Aol
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(MB26-4) (MC14-3) (H20-4)
(H27-1) (F5-2) (B1-2)

(F10-5) (S§7-1) (S14-2)

Fig 3. Chromosomal DNA at agarose electrophoresis
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(MB26-4) (MC14-3) (H20-4)

(H27-1) (B1-2) (F5-2)

(F10-5) (514-2)

Fig 4. Partial digestion of chromosomal DNA by Sau3Al
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(MB26-4) (MC14-3) (H20-4)
(H27-1) (F5-2) (F10-5)
(N12-5) (S7-1) (S14-2)

Fig 5. DNA fraction of 4kb—-6kb isolated after partial digestion
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. 1

( MB26-4) (MC14-3) (H20-4)

(H27) (B1-2) (F5-1)

I

(F10-5) (N12-5) (S7-1)

(S14-2)

Fig 6. Photographs of transformants
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(DNA sequence)
ATGATATTGATCGTTAATAGGACCTCAATAATGACATCTGTTCAAATT
GATAATTCTTTTAGCTCGTTGTCCGCTGTGCTTTTCCGTCGTGATTGGG
AAAATCCTGCTTGTACTCAATATCGTCGTTTAGCGGCACATCCGCCTTT
TTGCAGTTGGCGCAGCGAGCAAGAGGCTCGCGATGGCCAGGCTTCAGACC
AACTGATTTCATTAAACGGGGCTTGGGCATTTAGCTATTTTAGCCAGCC
AGAGCGAGTGCCTGAAGCATGGTTGCAGCATGACCTAGATAATGCTGAT
GAACTACAGGTGCCTTCTAATTGGCAAATGGCAGGCTATGACGCGCCGA
TTTATACCAACGTGACTTATCCCTTTCCCGTAAACCCTCCTTTTGTACC
TAAAGAAAATCCGACTGGATGTTATTCACTTAGCTTTAGCGTGGACGAT
GAGTGGCTAGAGCAGGGAGGGCAAACCCGTATTATTTTTGATGGCGTGA
ACTCTGCTTTTTATCTTTGGTGTAACGGCGAATGGATTGGCTATTCGCA
GGACAGCCGATTACCAGCCGAATTTGACCTCAGCCACGCTCTTCGCAAAG
GCAAAAATCGAATCGCCGTGATGGTGCTACGTTGGAGCGATGGCAGTTA
CTTGGAAGATCAGGATATGTGGCGCATGAGCGGTATATTCCGCGATGTG
ACTTTGCTGCATAAGCCACGTGTTCATCTCCATGATATCCAACTGCGTA
CCCATTTGGCTGCGGGATTTCATTGCGCTGAATTAGAAGCTCAGATCCG
AGCTCGAGATCTGCAGCTGGTACCATGGAATTCGAAGCTTGATCCG
GCTGCTAACAAAGCCCGAAAGGAAGCTGAGTTGGCTGCTGCCACCGC
TGAGCAATAA

(Amino acids sequence)
MILIVNRTSIMTSVQIDNSFSSLSAVLFRRDWENPACTQYRRLAAHPPFCSWR
SEQEARDGQASDQLISLNGAWAFSYFSQPERVPEAWLQHDLDNADELQVPS
NWQMAGYDAPIYTNVTYPFPVNPPFVPKENPTGCYSLSFSVDDEWLEQGGQ
TRIIFDGVNSAFYLWCNGEWIGYSQDSRLPAEFDLSHALRKGKNRIAVMVLR
WSDGSYLEDQDMWRMSGIFRDVTLLHKPRVHLHDIQLRTHLAAGFHCAELE
AQIRARDLQLVPWNSKLDPAANKARKEAELAAATAEQ.

Fig 7. DNA and amino acids sequences of partial [i-galactosidase gene of

Lac-MC14-3(A1)[MC14-3(Al)fi-gall and its [i-galactosidase

* The fragments of bold letters came from pRSET C, cloning vector.
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(DNA sequence)
ATGAGCAAGCCTTCTTCAGCGCAGGTGAAAGCTTTTTTGCTGAACCTGC
AGGACTCCCTGTGCCAACAGATTGCCGCAGCCGATGGTCAATCCACATTT
CGTGAAGACAATTGGCAGCGTGAGGCTGGCGGCGGTGGTCGCAGTCGCGT
GCTCACTCAGGGCGCCGTTTTTGAACAGGCCGGCGTTAATTTCTCGCACG
TTACCGGTGGACAACTCCCCGCTTCCGCCACGGCTCATCGCCCTGAACTC
GCGGGTCGTAGCTTCGAAGCCATGGGTGTATCACTGGTCATTCATCCAC
AAAATCCTTACGTACCCACCAGCCACGCCAACGTGCGTTTCTTTATCGCT
GAAAAAGAAGGCGAGGAACCGGTTTGGTGGTTTGGCGGTGGCTTTGACC
TCACGCCGTTTTATCCGTTTAAAGACGATGTGCTGCATTGGCACCGCACC
GCGCGCAATCTGTGCCTGCCTTTTGGTGAAGATGTTTACCCGCGCTATA
AAAAATGGTGTGACGAATATTTCTACATCAAGCACCGTCAGGAGTCTCG
CGGCGTAGGGGGGCTGTTCTTTGACGATTTAAATACGCCTGACTTTGAT
CACTGCTTCGCTTTCATGCAAGCAGTGGGCGCTGGTTTTAGCGACGCCTA
TTTACCTATCGTCGCCAAACGCAAAGATATGCCATTCAGCGATCGTGAA
CGTCAATTTCAGTTATATCGCCGTGGGCGCTACGTTGAATTTAATCTGG
TCTGGGATCGCGGAACACTGTTTGGTTTGCAAACCGGTGGTCGAACTGA
GTCGATTCTCATGTCGATGCCGCCGTTGGTTCGCTGGGAGTATGACTTCC
ACCCCGAACCGGACTCACCGGAAGCCGCACTGGAGCGTGATTTTTTACCC
GTGCAAGACTGGCTGGGAGAAGAATAA

(Amino acids sequence)
MSKPSSAQVKAFLLNLQDSLCQQIAAADGQSTFREDNWQREAGGGGRSRVL
TQGAVFEQAGVNFSHVTGGQLPASATAHRPELAGRSFEAMGVSLVIHPQNP
YVPTSHANVRFFIAEKEGEEPVWWFGGGFDLTPFYPFKDDVLHWHRTARNL
CLPFGEDVYPRYKKWCDEYFYIKHRQESRGVGGLFFDDLNTPDFDHCFAFM
QAVGAGFSDAYLPIVAKRKDMPFSDRERQFQLYRRGRYVEFNLVWDRGTLF
GLQTGGRTESILMSMPPLVRWEYDFHPEPDSPEAALERDFLPVQDWLGEE.

Fig 8 DNA and amino acids sequences of [i—-galactosidase gene of
Lac-MC14-3(A3)[MC14-3(A3)i~gall and its fi-galactosidase
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(kDa)

216 . -

132

78

457

Fig 9. SDS-PAGE elctrophoresis of partial MC14-3(A1)i-gal [-galactosidase.
Lane 1, MW marker; lane 2, E.coli; lane 3: partial Lac MCI14-3(Al) [

—galactosidase

(kDa)

216 -

132

Fig 10. SDS-PAGE elctrophoresis of MC14-3(A3)fi-gal [i-galactosidase. Lane
1, MW marker; lane 2, E.coli; lane 3: partial Lac MC14-3(A3) [-galactosidase
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—m—MC14.3.A1.

Relative activity(%)
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1
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Fig 11. Optimum temperature and pH of partial
—galactosidase
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Fig 12. Optimum temperature and pH of MC14-3(A3)E-gal (F-galactosidase
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YA el a4 gene banke & Hete] FHEEINELY FAAE FE
2 cloning 3tk A 1059 B-galactosidase® AAste WA WA
=94 chromosomal DNA, A|gtg 4o HEHE
S AMESEe] 2709 B-galactosidase-AAE BT 2
MC14-3(ADB-gal, MC14-3(A3)i-gal®] frdze] @A7IHLS  FHeAT
MC14-3(Al)E-gal= F3Ae] N 2oZ A o]l o1 cloning vectore] C &tk
917 Adtste] #d=dE 4 Ak MCI4-3(Al)i-gal fi-galactosidase®] 749

4 pHE 6.8(Fig 11)o]™, MC14-3(A3)f-gal f-galactosidase
7C, A pHE 7.20]t}

_—‘.DL_',
ok
L -
o
fr
(o}
=
@)
&5
=
g
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A8 M SN RYRHEA MM &Y

A1 A A =2

T4 AAAA ggelA oA EAAA
. E. coli °] plasmide= A tj7} HHE-=HA

15 o] e FAAE E, coliolA 2dds At Ealth ARG
9] chromosomal DNAo| A¢)3dle] &R Ho| =2 oledt FAE 3
st 4= v}, Pichia pastoris®] alcohol oxidase ¥d promoters ©]-&3fo] o5
A2 cloningdla, wraAst= A A7F AutE vl 9lov(Cregg 5, 1993), ©] &
F A Al $d S8 =5 ¥y olyg secreation signal®] & A 8E plasmid

wugol AEIR Fulse] Agstste Felshs] uil

o] Aol B3 HHAE plasmidel]l 23 HEE E coli AESH] &
A k7] wEell MA BAANA 2dE $H7F 7] "t o] & AAs & Fg

7b otk a#ER §HxE k4t st o84S JMAEyl S8l Pichia
pastoris o oldte] LHAE Alkestflom, 2 Ao wet &4 A AAE
Hataak sk

A2 A AR W Y

1. Pichia pastoris®l * -4 [-galactosidase A=) o] & w3
7}, pPICZa C o MC14-3(Al)g-gale] # o]

pRSET C(Invitrogen)°| cloning ¥ MAI14-3(Al)i-gal Pichia pastoris®]
chromosomal DNA®| #Ho]st= plasmid?l pPICZa C o] AYsl=d HeL3h
restriction enzyme site7} £A3FA &7] wjFo] FAA= PCR °f 93] &4 &
vT&A vectorell 4%, pRSET C¢ HindIl siteo] 493 3 EcoRI o2 3
o] AR By, B3 FA4AE pPICZa C EcoR 1 site o AY 59 oA
£ AA FAAE pPICZa Coll 443k

pRSET Col A9=ol 3= F#25 PCRel=Hl AME¢ forward primeris
S'atgatattgatcgttaat3’ ©]13l, reverse primer: 5S'ttattgctcagcggtggeal’ o] 1t}
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PCR2 MA14—3(A1)|:1—gal o] A% 9= pRSET C & 94ToA 557+
denaturation ¥ § annealing % elongation(94C 30%, 55C 30%, 72T 1%¥)
cycles 253 AAg F 72TCoA 7% At HEAE FHAAE st
yT&A vector(Donginbiotech) ] 719 site Atole] Z=A)3}+= flanking siteol]
Hlsk 3 Hindll= #3fsle] #8lsla, o] @¢H-S pRSET C9 HindI siteol
A4 skt pRSET Cell Al A& EcoRI o= e, #£83 #
pPICZa C2] EcoR1 site o 49} stth.

MC14-3(ADfi-gal 2 MCI14-3(A1)S X2%3st+= DNA ©3HL2  agarose
electrophoresis(1%6) % gelS Ao, A #|(Quiazen)dte] 2] sk ATt
Transformation ¥ cloning & yT&A vectors= E. coli XL IblueZE, 1 €=
E. coli TOPIOF'E A}&3t9th WA= E. coli XL Iblues LB(Amp+) broth =

S LB(Amp+) agarE AM&3t91L, E coli TOPIOF' e 72 %= LB(Amp+ Tet+)
broth &< LB(Amp+, Tet+) agarE At&3le] 37ColA HA(agar), & &
(broth, 200rpm)®i<F s} T}

. Pichia pastoris®] chromosomal DNAo| MC14-3(Al)f-gal ¢ # o]

MC14-3(Al)i-gal ©] &Y% pPICZn CE BstX1 o2 ®3 & % Pichia
pastoris  X-33° Aol3tHtt. Hol=  Pichia FEasyComp Transformation
Kit(Invitrogen)&  AF&3ste] stz whHo= HAASST. Hde] *
YPDS(Zeocin+, Invitrogen)agar iAol =X 3+ 3 30CoN A v %3A ).

t}. Pichia pastorisdl] Hdol¥ MA14-3(Al)E-gal o &3

MC14-3(Al)f—gal ©] Hol®d Zo]l BH Pichia pastoris X-33= baffled
flaske] BMGY (Invitrogen) brotholl A Aeo=4.0 7FA 30Col A 250rpm= % & uj
F Atk 3000Xg 2 YAEE ST BMMY (nvitrogen)ol Ago=01 Z 314, &
ste] 30C &2 20CelA X' vl k(250rpm) st At M14-3(Al)E-gal®] 2&
Hj okl o] supernatant 2 cell free extract®] [-galactosidase ¢ ONPG & &
= ZAbete] ddetth

& EF
hl
KeX
T

3

2. fi-galactosidase AJ2HA A &H

B2 BT AA A a4 A AAE FHe
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A 34 A3 ¥

i

1. pPICZa C o #4 f-galactosidase A =}2] 2 o]

MC14-3(Al)B-gal < PCRel 93] EA18 F YT&QA o Adstgda, 44
B2 PCRE #2382 thFig 1). MCl4-3(AlD)B-gale] 4F)¥ YT&AES Hindl
2 Ba)ete] MCI4-3(Al)i-gal & ¥3st= DNATHAS Eelste] pRSET C
of e th(Fig 2). pRSET CE EcoRI oz Ediste] Eg, AAg
MA14—3(A1)|3—gal S %33 DNA ©#HS pPICZa C o Adstdt.  pPICZ
0 C o FHx7F vtE BEow AAHAJET AFE Xhol 22 &3 st A
J¥= DNA w39 A7|2 1A tHFig 3). FAA7F vp& WeFo =z 4491
W 3593bp ¢} 829 bpe] DNA wdo], wkthubako 2 4kelw™ 4369 bp ¢ 53 bp
°] DNA wo] A4k Hr. 3593bp o} 829 bpel DNA w#o] A% plasmidE
Pichia pastoris °l #Ao]sl=d] A}&3}% T}

[ - - - - -

M Y Y Y
M: Mw marker
Y : MC14-3(Al)B-gal inserted in YT&A

Fig 1. confirmation of MC14-3(Al)f-gal inserted in YT&A by PCR
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~1\ e

M : Mw marker
1 : pRSET C
2 : pRSET C containing MC14-3(Al)ji—gal

Fig 2. pRSET C containing DNA fragment including MC14-3(Al)f-gal
transferred from YT&A

MCRRRRRRMELC R

M @ Mw marker
C : pPICZa C
R : pPICZa C containg MC14-3(Al)fi-gal oriented in right way

Fig 3. Analysis of right orientaion of DNA fragment including MC14-3(A1)j
-gal into pPICZa C
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2. Pichia pastoris®l <A [i-galactosidase Aol Ho] W g

MC14-3(Al)-gal ©] AY¥ pPICZa CE BstXI1 o2 E3 3% Pichia
pastoris X-33¢] o]t om, o] ofFiE FAJH colonye] Mut+(1¥3-4) %
PCRell 9Jol &A% DNA®H 2 A7|(Z¥3-5)=2 &Ist3dtt. Lac-MA14-3(Al1)
7} Ad® pPICZa C ©] Pichia pastoris X-332] chromosomal DNAZ¢]
integration ¥ 7% Pichia pastoris X-339] chromosomal DNA 2] 3"AO0X1
primer?} 5’AOX1 primerg& AM&3le] PCR3IH
2.2 kbe} 1417kb ¢ DNA o] A Ech Mut oW A PCRA} 22 kbet
1417kb °] DNA @S A 3h= colonys &l A3kt

MC14-3(AD)j-gale] HAol¥ Pichia pastoris X-332 BMMY brotholA 20T
5L 30CoA 2SS A= Pgot AR &kt}h. Pichia pastoris X-33 7F
<73 pHelA 270l

o

9= extracellular proteaseE A2t A WddEH g4
Eafjste] WS Feoldd 4= ¢l7] wEo) extracellular proteaseE AAHS o A st

+© casamino acidE 05, 2% H7lsle] wlg o) HdS Fd I 4 Ak
I AJAE FHEAlE Zdth a2y wdE ook & gAe] 101 A (Asn), 103
HA(Thr), 117HA(Asn), 1191 A (Thr) ofv|x=4te] wid= <& o] FA7}
Pichia pastoris X-33°14 &&= o 10114 = 117HA ofn| =2kl of~xebA
of oligosaccharide’} A3=E 7FsAde] dom, o]zlo] &8 A P& 7IsA

E Qg Ao 3

Fig 4. Mut'of Pichia pastoris X-33 transformed with pPICZa C having DNA
fragment containing MC14-3(A1)gal
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M T"':TTHT = 5

M : Mw marker
C : untransformed

T : transformed

Fig 5. Analysis of integration of pPICZa C harboring DNA fragment including
MC14-3(Al)gal into chromosomal DNA of Pichia pastoris X-33

3. B-galactosidase A4HA] 7|

R5 plasmidel A= o] E. coliol EAEHA 23, AL
aYB® E ocoli B WYE Fol AEHE 3338
th o] A 5ol AY¥ pRSET & N #o F9jo
polyhistidine tagE 7}A]3L 219 nickel charged sepharose resin
olgtAl AA & 4 Aok FA AAAA = Fig 69 2t

o B

tlo
>
oo -
=)
5°)
ofo

Cultivation of transformed E. coli(37°C, 16hr)

!
Harvesting cell( 6000 X g, 15min)

l

Destruction of cell(sonification)

J
Elimination of cell debris(12000X g, 15min)
J

Purification(salting out, nickel charged sepharose resin)

Fig 6. Production process of [i-galactosidase
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A 49H o oF

fi-Galactosidase 42k, MC14-3(Al)i-gal & PCRol 98] EA3 & YT&A
o A<t & Hindlll & ¥3)ste] MC14-3(Al)E-ga= pRSET C o 4Yststt
pRSET CZ EcoR1 o2 ¥3]3te] MA14-3(ADE-gal & ¥338l= DNA @S
pPICZo C ° 448l  Pichia pastoris ©l| Aold=d  AFE3FST)
Lac-MA14-3(A1)7}F A9 % pPICZa C°] Pichia pastoris X-332] chromosomal
DNAcol integration ¥ 7§ Pichia pastoris X-332] chromosomal DNA 2]
3"AOX1 primer®t 5°AOX1 primers AH&3te] PCRZ F1st4ith. MC14-3(A1)E
—galo] Aol Pichia pastoris X-332 BMMY brotholl 4 20C & & 30TColA 2
dEs AlE ot BdHA Fart
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=
(@)
b
=

N
o
30
ofl
Eli
=O£
fol
>
k=]
10
ot
40
30
30
ofl

[-galactosidase @ &3] Eie

Wt et ez g4/
B e
FFEARas FYEAEel TS Ay Wl KPR BaE ol SF
o fgEAEe Aozt 9e oAk SR fYL FYRARLL B}
AL QAH WAzt BadE AL FYTAELE S A A F
Fol el Hxm At A B3} 97 wel weAAFel W4T 4] 7}
glol Sl4Ael FAL Fud 4 Ak ¥ AN BAF 35 SHHIE
Aee Adersd 4T A

Na-phophate buffer(pH 6.8 ,0.01M) 3-8 M (4.32%)3} 10% skim milkE A}

gatol 4TOA 643, 12417, 2443, 48*1@, A7 wgEel fEEade
2SR Q60 FREEIL 432%01%07] dEel gEeds] $REEE

4.32% = 3t T

A& 10ml= falcon tube(35ml & %F)o] #7}sla [i-galactosidaseS 200 ul3
7}, &3+ al water batholl A R &&HA AT [-galactosidase & &7
2A7F Aol® E. colis Wi ¥ 3]4-3F9] Na-phosphate buffer(0.01M, pH 6.8)l
Ae0=8.0 &2 HE3s}al, sonificationd] & AEHS 333 & A4E2(12,000
Xg, 20, 4C)e o8 AEzFGAS AATF Fo ArEsiAv. FREAP ==
HPLC® ZAbstglth. A& 2mlol HPLC water 4mlE 7hsta @@ &
centriconYM-10 filter(Millipore, USA)°l A 12,000rpm, 1287+ HAEg o 33k
oods B8 Algz AMEE AT Guard column polymer CH CA HP
Column(300mm X 6.5mm, Merck, USA)S A}838 3, mobile phase &= DDI
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H20¢°] 3L flow rate= 0.5ml/min ©]™, refractive index detector® A}-& 3%t}
A 3H Ay 2 3z

MC14-3(Al1)-f-gal®] [-galactosidase = 4T 6A17F &<k W3 A] 10% skim
mlike] #3232 11.6%7F £33 2 Na-phosphate &8 Mo FIF& 9.66%%
dfste] WEEAIZRY] Frbel whEk FREsiEe] SrFsklon RS 72A| 3ol =
10% skim milke] 9 1853%, Na-phosphate &8N F3FE 16.38% %
dfste] et tha Sk tH(Fig D).

MC14-3(A3)-gal®] B-gaactosidase = 4C 6A13F &9 ¥k$ A] 10% skim
mlikd F3L 13.09%7t 285190 2™ Na-phosphate &899 F3& 13.67%
wafstel WEEAIZRY] Fel web fREsleo] FUFeRlon Whg 724 Yol =
10% kim milke] +%< 1856%, Na-phosphate &&=8H9o] 32 16.82% 3|
sto] ezt tha S7ke v (Fig 2).

—m— SM
—e— Lactose
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