ABSTRACT

A STUDY ON THE HEMOLYTIC PROPERTIES OF PREVOTELLA NIGRESCENS

Ju-Seok Kwak', Hoon-Sang Jang', Seok-Woo Jang', Su-Jong Lee’,
Yong-Wook Yu?, Kyung-San Min'*
!Department of Conservative Dentistry, College of Dentistry, Wonkwang University,
*Department of Oral Biochemistry, College of Dentistry, Wonkwang University

Hemolytic property is a specific feature of bacteria to obtain iron which is essential for its survival in host
tissues. Therefore, it is thought to be one of several factors of virulence. The purpose of this study was to
investigate the hemolytic properties of Prevotella nigrescens isolated from the teeth diagnosed as pulp
necrosis and apical periodontitis under the presence of hemolysin inhibitors such as NaNs and dithiothre-

itol, heat, various pH and cultural conditions.
The results were as follows:

1. Clinically isolated P. nigrescens strains and standard P. nigrscens ATCC 33563 showed hemolytic

activity.

2. P. nigrescens showed higher hemolytic activity against human erythrocytes than sheep or horse ery-

throcytes.

3. NaNs and dithiothreitol (DTT) reduced the hemolytic activity of P. nigrescens in a dose dependent

manner (p € 0.05).

4. Optimal pH for the maximum hemolytic activity of P. nigrescens was 4.0 and the hemolysin was stable

under the 50C, but the hemolytic activity was significantly decreased at 95C.

5. P. nigrescens cultured in 10% CO2 condition showed higher hemolytic activity than the bacteria cul-

tured in the anaerobic condition. {J Kor Acad Cons Dent 30(4):335-343, 2005)
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T ATy e A3 1A wokriee] sidE
Aok 7HgeH ERlen B Xedd 2 X343 e
T oS A8 58 g YA =AU ool Fglof A
T A FAS TARA | FAste Al AHE L B4
AAES] BAo] Am2A HIlen o] JzE FlAM 59
AAGFA, 4 J2n WEF 54 9 LA o W
A7t FHH L o] FoRT), 0|59 L K29 AT
€] 714 sje} L&) ¥ ot A °°l"ll£ g3e Wy
agla YEFY Vg Hdhs Aoz dEA A,

I ER o]d AEEC] 7 ilt Ao HESH 84
= dte AL AFAS 2 5P Y HZE
Bre)=d F a3l .

P. nigrescens= 183739 B4 @714 AT 2A X

Ash xefe} ZHAA W8] HEHT, of AT

dA EAACcZ TAHAT AAledA A7e o8
& W AN E EelEr) e A2 R A X
2383} 2 FA%o] A2 u| P. nigrescens® ATt 4
EH;G o __7].5].1;]__]‘ rug H}— 9}5}7,8)

dFgolv ielA AYste Aol &3 Wellx A3
a3 FA8) HeiM e s Ule Aol 5] A

F UM o] &3 & e A& A BF Y7o 22

*llE & ZA3t}, o] 5 A X 3 AlFe LFBAL
A 4% 2 340 de3 dof 58 F7MKIE A4
< 3= ALR Holn| 7|5HAAN & v 83 58 A}

a“?_lx-,f.i ‘”Eﬂﬂlol«l qES (extracellular toxin) =

‘T:l—‘l At A ELe 2 (cytolysin) 2 U 4 e}, o
%ﬁlli‘\: #As] A& AYTY §E8 A WA

4 (hemolysin) 2t E2jo] $toH o|& F 4

ol9le] AZo = 73 A4S e o
o Foste] Yele ados dASAE A
Ak, ¥4 e FEU)ddd wet (1) AlxE
pl’lOSpl’lOllplda #3833l phospholipase, (2) Al =]
cholesterolol] §-2sla] ure] £3A4-& WsIA|7] = thiol-
activated cytolysin, (3) A X2l] 283l detergent 2
£ R AELEAL 2 1 A8V|AE ¢ F fle AER
e 7 Uth 8849 7158 A Z2 AET Yl
*l AT o AR IAAYE et LI RN

S HEAIE AeE Ragw Yoo,

At 2 ME Streptococcus species'”,
coli'®, Serratia species', Staphylococcus species™,
Actinobacillus pleuropneumoniae’, Porphyromonas
gingivalis®, Clostridium botulinum'”, Listeria mono-
cytogenes’®$t Fusobacterium nucleatum'®%59] £8%
Ao B A7t Bagot. P. nigrescenst £ A44E
YellE 2oz BaEgou” fEE] ad A+
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A< o] FfA giA gt

metA & Ate ARG A2 AFE-E 7H Xof
o] X grolla Eal3 HAM T P. nigrescens®] £8E
Aol dal Ao zH o] AT $8/HE weled =
& duz i

I. A7 Xz % 2y
1. P. nigrescens®| 22| & ojet

TR EE Y3 43w X FHEY HEF Y
2 F 2 MY T FAAE B8R FReH Jl*l
Ao} A2 AFE S 717 Rolg Meste X|o}E #n|
"i ARsta o Aed 3 Ko}, vl 3 4

TE 3% IEEAR ARG SRYES At

Ae73e A & #15 paper pointZ ool 183t Yo
l 2oy 3°—‘,‘—°~ #3843t} Paper pointE vl ¢4

2! trypticase-soy broth (Difco Laboratories, Detroit,
MI, USA)7} € tubedl] ¥-& 3, vortexer® i?}él.l_ 5%
defibrinated sheep blood, 5 wg/ml hemin % 0.5 ug/ml
menadione®] #7}8 Brucella agar WA (BBL
Microbiology Systems, Cockeyscille, MD, USA)ol A%
sttt A Mg 85% Nz, 10% He, 5% CO:5 X3
g @714 Al wl¥7] (Coy Laboratory Products, MI,
USA)ell A 8-1547F 37°ColA vl GA| Z Tt

dael<k A F4E black-pigmented colonyES Alh
wloFsle] ZHzb special potency disk ZA}, filter paper
spot Ak, PCR 2 API kit AAME B3t P. nigrescens
2 FAE AdE Eestdn. HAe FEEE Ho)7] 9
8] ¥=TF< P. nigrescens ATCCS z+ A A3 E ¥]
Wt FAsA.

2. Mol FH|

Aty H¥1e fél ol AYQl Al o2 HE
A eted Alsever SA7} FUI Fo2 4o] 4TolM B
#ale] AlgEon, Wy 4 To] A2 o} vjtio}
(Seoul, Korea)ollX F9lsted Argstgitt Ad+= &3

2 AYYAsEZ AlF T 94 (1,6500xg, 108, 4C) 3t
Aok AHE Y e %?ﬁl"lﬁl& ol &3t AYF &
2483, &ex A 1 mT 2 X 10°9 A¥F Al
Fo| 32 238k A3

Al S dAEe] (12,000 rpm, 15%, 4T)3td



T< AAsIL A Yol 1/» AT FRAS Y3 37T
A TAIZE ugsteT O & 4854 gu doldle &4
- R AYFE AAEY 2] (12,000 rp

] ¢ H A m,
4T) st A A S A2 vE A freld Frail
9] FZ=E 450 me] A glo] AlFe] HEYE Z
Bah. 71ET e AT dgdel Ade ¥4 @2 3
E3 A Frute 40X ﬂ&% 17 o 548 e

2 PSS 2330,
4. H@T| 0| G2 BB u|

YT A L8884 & vusy] 9
4 P nigrescens ATCC 335631 478 #
P. nigrescens 23049l tiste] Al Wk g
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5. 2s&Mo| thst NaNs % dithiothreitol (DTT) &

EE

UubHQl £8 4 AAAZ L2zl NaNs 2 dithiothre-
itol (DTT)7} P. nigrescens® €8 &Ald] n]ja]& 94kS
ZAFE7| 9fste NaNs#t DTTE Al whoF 33 dell 242}
2mM, 10 mM 2 50 mM ¥52 3A3 & $8FA S
AR on ojuf e = oM AdS FrlsA &
€ T2 VETOR St 4P BT 33 TRl
o, AAH & (Hx-A8d)/dx) x 1009 &
o|- &3t AT 4 A= BAZE YA SPSS
(ver 10.0)8 A&l Hid BFAUAZR A|A 82
a = 0.05 FFlA A87Y 27 HHAE Mann-
Whitney U test2 94-& A5t

6. Xzt B8N o|x|l= &3t

P. nigrescens €849 gl izt A
ato] Alet Wit AR S 747 25¢, 37T,
greazo| M 1, 24, 48 2 7247 QA 3 ?— £8EA

AR AT,

*}@3}71 9
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7. pH7 e gHof 0|zl 21t

P. nigrescens £847} 4 &4& Hol= HAY pH
& gotry] fste] §8 whgAE 247 pHY 3, 4, 5, 6,
7,8, 9% 10082 24% 5 £ o] &3t

fo

Prevotella nigrescens®| SBEMof 23t o

o e §8gA e Lotiy] A A
< 3714 Wi, 7178 Wid7] 3 10% CO2 vjg7]olA
1, 24, 48 2 7243t Zh2h et & §824E J)r 23k
o 71ET RN e YT A AdE ¥4 g3 F
S AT EE Aol A v FUE J%‘SL
F2=E Y.

ARG A2 A FEE 7R 3xte] 2)olE HEs)
of A AF3 F, viFate] 2H2} special potency disk
AL, filter paper spot HAF, PCR A 2 API HAME &
3l P, nigrescens 7 #3+% &2l st EEd539 P.
nigrescens ATCC 335633} #2] ol g 3842
A R A% FF2EF7} 0.1509 FREE Jehd v,
dgEeldFE= 0.082 (55%)°1A4 0.149 (99%)8 &%
EE Yepigict (Table 1).

2. M@To| HXol| e YBMo| b|m

A, ek 2 do] AU E AMS-St P nigrescens
ATCC 33563 P. nigrescens 2304¢9] 484 & 2A}
g A Al Fo AT FoA AR AP MY e
£8EA S JeRRT (Table 2). Wk 2@ 7ol &) P.
nigrescens ATCC 335639] £884L Alg AE 1| H]
sla] 18%, P. nigrescens 2304% 32%9 #8384 S
o B2y @& S By 2 4879 3@%‘*
& &9 P. nigrescens ATCC 335630 disixe=
A JehtA] giekow | 14wt P. nigrescens 2304
o taiXe AR A¥ ) vlE] 51%9 $88YLS Y
ERA AT :

3. 88 40| et NaNs 2 dithiothreitol (DTT) o}
o3

P. nigrescens 59 88| tl& NaNs} dithio-
threitol (DTT)9] A& Table 3% 49 2t} P. nigre-
scens ATCC 33563 W3] sodium azide® A7}8l#] &
< g2z g8l 2 mM 27K S o 5.0%9 884
= Hof 88840 fYsiA #AHAR (p € 0.05), 10
mM#} 50 mM ol e 22 384 & JehiA ast
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Table 1. Hemolytic activity of P. nigrescens isolates

| Strains Host hemolytic activity

! Age Sex Isolation site (Ags0)
P. nigrescens ATCC 33563 0.150 £ 0.003
P. nigrescens 203 22 F #46 0.131 £ 0.001
P. nigrescens 304 22 F #47 0.107 + 0.002
P. nigrescens 204 22 F #46 0.129 £ 0.002
P. nigrescens 801 67 M #26 0.082 £ 0.001
P. nigrescens 2203 39 F #25 0.113 £ 0.002
P. nigrescens 2304 65 F #34 0.133 + 0.004
P. nigrescens 2903 59 F #46 0.149 * 0.001

Table 2. Hemolytic activity of P. nigrescens ATCC 33563 and P. nigrescens 2304 strains based on erythrocytes

Red blood cell origin Hemolytic activity (A4s0)

P. nigrescens ATCC 33563 P. nigrescens 2304

Human 0.132 £ 0.028(100)* 0.116 £ 0.031(100)
Sheep 0.024 + 0.031(18) 0.037 + 0.027(32)
Horse NDP 0.059 £ 0.017(51)

* Relative hemolytic activity (%)
® ND: not detected

Table 3. Effect of NaN3 on hemolytic activity of P. nigrescens ATCC 33563 and P. nigrescens 2304

NaNs Hemolytic activity (A4s0)

(mM) P. nigrescens ATCC 33563 P. nigrescens 2304
0 0.139 + 0.035(100)* 0.173 + 0.020(100)
2 0.007 + 0.012(5.04)* 0.037 £ 0.027(21.*
10 ND" 0.020 £ 0.012(11.6)*
50 ' ND ND

* Relative hemolytic activity (%)
® ND: not, detected
* p € 0.05 compared with control by Mann-Whitney U test

t} (p € 0.05). P. nigrescens 2304°] t&|*= 2 mM o =2 #H7} Al DTTE #H7lekA] &L

10 mM $E2 H71E 745 dzl vl 247 21.4%

e izl s
110.8%9 48842 B 884 <& felsii S7H1A

o} 11.6%9] $8842 2o FoatA £8840] 7oy
A3 (p € 0.05), 50 mMelM = 88 S Holx| &gtk
(p €0.05).

P. nigrescens ATCC 335639 t}8] DTTE 2 mM %
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1 (p € 0.05), 10 mM F7tatde We 904% = Folst
A Z2AFHLH (p (0.05), 50 mM F=le §384 S
Bolx] eksie} (p ( 0.05). P. nigrescens 2304 thaA
€ DTTE 2 mM & 71 Al tiz7o] ¥]3) 98.3%<]



Prevotella nigrescens2| 2EEAM0| H5+ A7

Table 4. Effect of dithiothreitol (DTT) on hemolytic activity of P. nigrescens ATCC 33563 and P. nigrescens 2304

| DTT Hemolytic activity (A450)

| (mM) P. nigrescens ATCC 33563 P. nigrescens 2304
0 0.139 =+ 0.035(100) 0.173 =+ 0.020(100)
2 ‘ 0.154 + 0.032(110.8)* 0.170 = 0.012(98.3)
10 0.127 £ 0.023(91.4)* 0.124 + 0.023(71.7)*
50 ND ND

* Relative hemolytic activity (%)
® ND; not detected
* p € 0.05 compared with control by Mann-Whitney U test

Table 5. Effect of pH on hemolytic activity of P. nigrescens ATCC33563 and 2304
i Hemolytic activity (A4s0)

| pH P. nigrescens ATCC 33563 P. nigrescens 2304
3 ND* ND
4 0.018 + 0.023 0.035 + 0.041
5 ND ND
6 0.001 £ 0.012 ND
7 0.002 + 0.016 ND
8 0.001 = 0.010 0.001 £+ 0.012
9 0.002 + 0.012 0.001 + 0.017
10 0.001 + 0.017 ND

@ ND: not detected .

ens ATCC 33563 and P. nigrescens 2304

Table 6. Effect of temperature on hemolytic activity of P. nigresc

| Strains Time Hemolytic activity (A4s0)

25T 37C 50C 95T
1h 0.142 + 0.025 0.137 £ 0.025 0.138 = 0.028 0.067 £ 0.121
P. nigrescens 24h 0.148 + 0.012 0.138 £ 0.031 0.116 £+ 0.020 0.098 + 0.032
ATCC 33563 48h 0.174 +£ 0.025 0.140 £ 0.012 0.192 + 0.026 0.085 = 0.030
72h 0.168 £ 0.040 0.176 = 0.037 0.178 £ 0.032 0.022 £ 0.033
1h 0.119 = 0.023 0.119 £ 0.026 0.116 + 0.020 0.043 = 0.097
P. nigrescens 24h 0.127 + 0.028 0.121 £ 0.021 0.072 + 0.025 0.063 = 0.028
2304 48h 0.143 = 0.030 0.121 £ 0.026 0.135 £ 0.027 0.002 + 0.023

72h 0.132 +£ 0.025 0.115 = 0.012 0.128 + 0.022 ND*

2 ND: not detected

339




LHEHX| BLEZS}3]A] Vol 30, No. 4, 2005

Table 7. Effect of various culture status on hemolytic activity of P. nigrescens ATCC 33663 and P. nigrescens 2304

Hemolytic activity (A4s0)

| Strains Time — — - ;
3 Anaerobic incubator Aerobic incubator 10% CO2 incubator
1h -0.091 £ 0.023 0.003 + 0.038 0.137 £ 0.025
P. nigrescens - 24h 0.122 = 0.023 ND* 0.138 = 0.031
ATCC 33563 48h 0.103 £ 0.030 ND 0.140 £ 0.012
72h 0.115 £ 0.040 ND 0.176 = 0.037
1h 0.093 + 0.024 ND 0.119 + 0.026
P. nigrescens 24h 0.120 £ 0.023 ND 0.121 = 0.021
2304 48h (.100 = 0.020 ND 0.121 = 0.026
72h 0.087 £ 0.028 ND 0.115 £ 0.012
* ND ' not detected
48245 BHY, 10 mM woMe 71.7%8 438 ou 37144 wWiF Alele Ao £8FAo] YehA] 94
Aol frelstA 2 E]Eiil (p € 0.05), 50 mM Fx& ok g Azt wE $¥ 4 Wele 37 JehiA] @
$d€4S JdehiiA ettt (p € 0.05). ket (Table 7).
4. SEaol thst pHe| F& V. =2 4 oz

P. nigrescens €59 £88A g pHY 4
Table 5% ZW. P. nigrescens ATCC 33563% P.
nigrescens 2304 5 pH 4ol4 884 o] 714 =9te
U thE pHellM = £884g0] wl ¢ YA vebyt), ol# g
A3 P. nigrescens $847F ) 384 Jehl=

#HA 9| pHe 48k 2 i},

5. gx2|7t 88| o|x|= 21}

P. nigrescens £82:9] Eol| thgt SFA S H7s17] 9
&l P. nigrescens ATCC 335633} P. nigrescens 2304
o] i AAAE 25, 37T, K0T 2 95T LEA
74zt 1, 24, 48 9 72N 7k A2l & 3 £ EAH L AR
t}. P. nigrescens ATCC 335633 P. nigrescens 2304
BRAA 25T, 37C ¥ 50C SX& T2AZA] At
o FEGAL E Aot gl 95T =2 Azl A A7t
ol ZANLTE £38g0| Fhdhe 4TS B} o3
A= P. nigrescense] €847} 50C ©]3te] £ e
Fgdol he Ag B £} (Table 6).

6. Hitx710| S Mo o|jx|l= &£}

P. nigrescens ATCC 335633 P. nigrescens 23049
A BT 10% COz vieF A 714 243 8848 Jehi)
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& AT e IR o 2Y AFdeg g §
Ake] 2@ T FF2 P. nigrescens® £8g 4 99
t}. P. nigrescens gram-negative, non-spore form-
ing, obligately anaerobic, rod 2% AlFoE (0.3 -
0.7 umg] 2o 1 -2 um Zo]7}A] zA&T}. Blood agar Aol
YEPYE colonye 0.5 - 2 me] F 7o) o]z 24 Y
A Z4E JERH Pigmentatione colony®] F# 5oj|A]
T2 Ueha FAF e 284 WA e ¢z2ag Ao
GlucoseZt &Hrd AR A YA e F83 FAHE
acetic, isobutync, isovaletic, 18] 2 succinic acid 5]
t}. Dextran®} glucose, maltose, sucrose®] HEE R
w9 dFA YehhY fructosed glycogen, insuling
LRE Zo|7k kil BuEQleyez,

P. nigrescens®t P. intermedia®) site specificity©] o
& A+E Ed, Gharbia 22 A4xF223 2o s

rlo

01]*1“ 2 P. nigrescens7} Bo] #2511, X|FH LA
= P. intermediaZ} %ol 28lEH Bae 52 2374

—r"ﬂ"i P. nigrescens7} 73.2%% =&k B asl),

Z Yol A AT ART 240 dojuld™ e =
o] a_f‘[:zj'?_q] 14]01]/\1 o]ﬁg_l— 49l MO Ao BT
RYF} 2 AE ol Yz, AT 9o Yolgle AL
R, gEEEY, OJ]ELJ“/\ Edadd 2 SEF 0
Agslo] glrh AT £8AE 7o) Yot ZAA

29lo)N AYTE Salalal AEo] ol 82 + YRS R



2298 fAE LS 3l AR A PP,
ugd Ao S8R oy A Adste
Aol &3 oM st Fehed 2o’ 29 g5
< Z7IE A4S 3l AoE HolW JigHdA E
1 588 SEAAZ AT 5 UTG*.

B ARoA SR X E2]@ P, nigrescense EF 48
248 Jgudlt. ¥F7FF P. nigrescens ATCC
335637 vluatl S o 44 B2l 5= 55~99%9 &
ggijol 9l Ao Jehdr}

A, A 9 T 37kA FEFE AR P
nigrescens ATCC 33563% P. nigrescens 23049 &%
B34S ZA A3 Al AT vlste W FP T
W& P. nigrescens ATCC 33563¢] 8842 18%, P.
nigrescens 2304% 32%9 £484& Bt 2o 48
T &£¥EX e P, nigrescens ATCC 33563, P.
nigrescens 2304 47} 0%, 51%<9 43845 Jei
th 2 Al 7HA 8T FolA At At 7P =2
284S Uehln HY 9 2o AYFoA e A A
F7un $e £8EYE Jehfo], F1td 8849 A
o|7} E3IEHAl TEHAY

durA el £84 AAAZ 4eizl NaNsgt DTT7} P
nigrescens®] 884l nA & & ALY A} EE
3¢ P. nigrescens ATCC 335633 U’d#e a5l
P. nigrescens 230494 2% ¥t oEH oz 344
o] 7Z+A3stgth. ol& Chu 599 P. gingivalisol 31014
NaNs7b 884 2aAZte Bus 543 23
o|t},

SH7 & 9utd oz $848 SYATIAY, Ee R
st A7ithe Autd 237} Qe8P 2 ddMe
P. nigrescens ATCC 33563¢] thal DTTE H7lekA &
& gizFd va 2 mM FEE A7} Adle S884 ]
ozt 271 e AFE Ryovt 10 mM H7bsieE we
90.4% 2 oA AR eH (p € 0.05), 50 mM &
Tole 8840 &3 AdAHATG (p € 0.05). P.
nigrescens 23049 W& Ae iz Bl& 2 mMdle
98.3% = &3 &4o] #adhe AFE & 4 3AeH, 10
mM EEdME 71.7%2 8840 o3t #AHA
1, 50 mM sEdAE &3] AA=HJ (p € 0.05).

P. nigrescens $88A] vx& pHY 4 Fol
A3, P. nigrescens ATCC 33563 P. nigrescens
2304 &5 pH 41 £8840] 7F¢ =31, o& pHel
M 2884o| nf¢ @A Uehgen w9l 33 pHe
498 & & AU '

P. nigrescens &89 G 3 HFA& A 9
st P, nigrescens ATCC 335633 P. nigrescens 2304
9] 25T, 37T, 50C % 95T ‘?l‘%%.‘::_"ﬂ’ﬂ Zvzy 1, 24,

Prevotella nigrescensS| SEEMo| #st o7

48 & T2A17HE AP A, F @5 BF 5CdME &
Fg4o] dAgRew, 50T o3t Fol tigt Hg
Aol & AL YEpgT

iz Ad WE Y8 SA-E Gol AR P, nigrescens
ATCC 335633 P. nigrescens 2304914 25 7144 =
A A ujekat A B} 10% COz wid7]ol mjekdile o £
T 52 $8BAS B, 34 ZHAA HERE
e 28840 A9 vehtA fsieh. £F Azt ©E
L8849 Highe Bt

olAe] AZ ulFo] & uw, NaNso| 9sjx<= P.
nigrescens EFWF, 43 TF BT v dEH R &8
gio] Z+2E0a, DTTE 50 mM o] 3ol &880l
443 dAHAY. 8240 71 & AF pHE 49
gon, %71 95CAME F 5 BF £33/ 9A
Y911, 50TolstlME Gl W ol e Ao
Bk 3714 g AldlEe F 35 EF T A7l JAH
o] $¥SAL YehA don 74 Mg ARtE
10% COz ¥lF7191A ik Al O 8884 0] &7 a2H
Art. _

gto & P nijgrescens £8AE A AAsto] K} A g
g 8714, 284 s ATy A 1 59 5 4
T E8E Ao AlsET

v.d E

ARG 2 A 2FG Fale] FoloA Eelg B
AT P. nigrescens®] $8E5AE 733 B7] Y3 &
Z7% (P. nigrescens ATCC 33563)%} 4/3&Eed+F
(P. nigrescens 2304)% W3o2 dFsle o3 22
AAE AU
1. Q4N 8838 P. nigrescens®} EE&d5Y P.

nigrescens ATCC 33563014 2% £8@AJo] e

=g
2. A B 2 T AR Fo diE SEEHe vug

A3} P. nigrescens ATCC 335632} P. nigrescens

2304 & o A9 AP olx A e £82EE U

BT A 2 T AN Hud @ &3

GRS o=
3. dutdoz 888y AR Leixd NaNs$ DTT7}

P. nigrescens®] €884l vix = JF& HAT 25

NaNszol| 9alX P. nigrescens ATCC 335632 P.

nigrescens 2304 & U} £5 FToEHoE LHDA

o] Z+agNew, DTTE 50 mM o]l §88A4 <]

AA3) 24F9E A2 eyttt (p < 0.05).
4. P. nigrescens ATCC 335633 P. nigrescens 2304

7b Ao £884S Jehlle F39 pHe 40310,
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p—t

ot

10.

1

—

12.

13.

14.

P. nigrescens®] ¥el tigt ¢3S #A3 A3 95C
X Azt #AGIe] P. nigrescens ATCC 33563
I} P. nigrescens 2304 BF 2 £IA S Ho] P,
nigrescens ATCC 335632 507CoA 48417+ 22)&t
A= W, P. nigrescens 23049 7%l 25T 48
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