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Abstract ; In this study, the enumeration of yeast and bacterial cells was investigated using fluorescent in situ hybridization
(FISH) in combination with flow cytometry method (FCM) after disruption of pseudomycelia or flocs by sonication.
Firstly, mixed yeast samples with developed pseudomycelia and mixed bacteria samples, i. e. activated sludge flocs, were
sonicated and investigated using the FCM following the staining with fluorescent dyes. The optimal sonication condition for
both biological samples was 60 —90 s at 100W. Excessive sonication treatment, i. e. for 120 s, had different effects on
pure cultures of bacteria (or yeasts) and mixed samples of bacteria ( or yeasts ). Subsequently, the simultaneous
enumeration of yeasts and bacteria in binary samples was investigated by FISH-FCM using two probes ( PF2 . EUB338). The
binary samples were prepared using Candida tropicalis and Escherichia coli as model yeast and bacteria microorganisms,
respectively, and contained 107 cells/ml of background microorganisms and varied concentrations of the target
microorganisms ranging from 10°— 107 cells/ml. Flow cytometry could clearly distinguish yeasts, bacteria and background

microorganisms, and one injection provided enumeration results for both target microorganisms simultaneously. FISH-FCM
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effectively measured concentrations of the target microorganisms as low as 10* cells/ml for yeasts and 10” cells/ml for
bacteria, corresponding to 1% and 0.1% , respectively. However, at concentrations < 10 cells/ml for yeasts and < 10°
cells/ml for bacteria, the target microorganisms could not be accurately enumerated due to the presence of background

microorganisms in the binary sample.
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TEB K A WAL BB R G FNAE W) 2 B R G P b4 1 R R R B e A O B (B R4 ook &, IR
—IURR) TR A TR R Y E TR M E AT o AP AR R EE I TAEY T
TR RS R MR (FCM) B 2 BRE & s Y LB A/, F A X — 48 45, Malacrino 4% S
FCM &l T ok R P HE MBS E, EMAEZHENESE RS PRI R BEE R, BRFE2H
FEWRIEIRNAZ AR (FISH) il FCM BX AT SRRl A B 40 B A 5 P e e 40 R 3 E , R8T BT
AR ERE, BR R B0 BES R FEE TT RRIR B TR R R R A R R T (Y e B RS B, AR,
REEH 2R EHMEME P ERA FISH HR MY BRI BERAT FCM HAR1 ER
JF FISH-FCM B4 I B 545 2 4R B BT MR 20, SR A3 FISH-FCM #6:30 — 501 28 v 1 R0 240 5 4 22 Er 4R
ENE RS, ARCFEPT T ok RN REE S 8RR F e R — ook & B A 40 B 42 i
FISH-FCM i ARE T BREE
1 XBHE
1.1 ¥
1.1.1 YRR

AT B LB U S B B A [E KA LR S, P E s oA R B AL R 15K Ab 8
A0 LR , TB 2248 O R ik B AL R i (SO P AR N B R 2R ) BB AR S 00 38 B Yk B A LR 7K B
RS/ MNAIRI S B . HAh , AT FE A T WA AR Y, o KT (E. coli) BB L RUTE K
A bR, M R Candida tropicalis B B E R} B i A= YR 5T B, X W Fp e A= 9 3 22 B 40
MR, XM RAEYE TSR R IANAERYEBE LR TREREME. LR T C. tropicalis
TR BB B 2R B B A BZER BRI
1.1.2 BRYEHSEEEREE

TE2% B S AL B B B AN A1 TR SR 2 = M B, AR 53 7E D 8 40 O A B B e i AR P SR R X R D ekt
SYTOX green( Molecule probe, Invitrogen, USA) , 7E3&F FISH-FCM 434 75 & [F] i e 0 B - 40 B8 — ok & P
B B RN A0 B BB, A SCSR PR B9 40 B 38 AR 4R4T v EUB338 4B BTSN S - GCT GCC TCC CGT AGG
AGT-3°,5° FiZ 4Bt CyS B4 (BRI 649 nm, B R ARSI 670 nm, FOLERE N R 6) ; B HBEE R N
PF2!t] JRETHRZE Rl 5°-CTC TGG CTT CAC CCT ATT C-3°,5 74k Cy3 &4 (A K 550
nm, R R HHEK 570 nm, AT ARAE)

1.2 AEYEREE

BELEMEDHERS 42 NERPBEBRRES, A 4CKHETEEEE 4 h, REHABRIE AR
(PBS,pH 7.2) BS.0o¥kdE 3 WK, HE R ILH] w(PBSyw( ZB) = 1:1 BHEBE 10° ~10°4/ml, BT -20CF
#H
1.3 FRAE R

M 92.5 pl E T E 46°CHIZLAZE W (0.9 mol/L NaCl,0.01% SDS,20 mmol/L Tris-HC1,20% H Fti%,
pH 7.2 ) spRUCHIA 5 wl BEZHMEWRER 2.5 wl WA A 100 ng/pl B#R4H(EUB338 B, PF2) ,7E 46°C
fEYR T 238 3 h, W 24385 34 WA o B0 L B % 20min (PRI B 534 0. 01% SDS,20 mmol/L Tris -
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HCI,148mmol/L NaCl, Fitt & 46°C) J5 & H .
1.4 W40t

BT R4 (FACSCalibur, BD, USA) Y& 488 nm FES FHOLA 1 635 nm 4168 AR BB R
X F SYTOX Jubt S ERES & BT & i3 IR i3 A FL1 5EIE (515 ~ 545 nm) F1 FL2 j#1E (564 ~606 nm) f
W, %+ THREF_ EARICHY Cy3 1 Cy5 K IFE, Eid F12 JE1E (564 ~606 nm) Fl FL4 j#IE (653 ~667 nm) Rk
T, 000 81 o] ARG (FSC-H) A p) B 6 (SSC-H) o K B 238 B A BRF AR WIe i n A s X 508
H1(TruCount tube,BD, USA) F3fi% AW AN, R4 CellQuest 24017 45 R BV I 35 A i AR VR
1.5 T84 Yk ol S AL BT Y

ARG E e BT 1E M5 VR R A B AR T 24 M o R 7 TRAC AR , 7E ML A b, BA €. tropicalis F1
E. coli M MR AN B AR A 90 43 25 2 T B P TRAC B A W AR B Xk R VE R o BRAEE R R B iR
BEERE 0.2 ml, A PBS WM (FSERA 0.22 pm FLUEREE UE) B E 20 ml( 2y 1074/ml) ¥ FE M5 R
IR BB T 22 fA e i 7E A 7P 4 A ( VX105 , Sonics , USA ) 100 W S T %8 T 23 AIAL 3 15.30,45.60, 75,90,
105,120,135 s(& 15 s —MEIR) ,Bl)J5 ¥ C. tropicalis F1 E. coli ¥EFhAE FIRESRAE T 4 B4 FH 90,120 s (48
15 s—AMER) , A AL BEE R 7K BT, &M AL B B YR & b 4 B A B BRI 6 BBt
SYTOX green uff, 10 min D) b, 4R8G5 R IR AL A A R e P A B FIBE R . MBS R 2
I BEHR A SPSS MMFFETTH iz
1.6 FISH-FCM [5] it I A ] ok 32 F 200 o R £

ABFGELL C. tropicalis M E. coli VEHBERA AN B Wy 3 25 28 T B B —Jeih &R B R (B
HUE) W 107 4/ml BY S0 EE (BREEEE) (WREE N 10 ~ 1074/ml) SLERIM B B H . #AEE N IE 45
TR FAF B L PEYRAY C. tropicalis( E. coli) Bl B 10°4/ml pyRES: (4188 ) B, 83 w40 e
SRR S el VR R, PR S B O : (1) R AR R B B B (407 B B2 107.10°,
10°,10*.10° \10°4/ml; (2) 7E475 3.2 ml 1 x PBS WM AR FIRE G H 43 BIMA 0. 4 ml B (SR407) B0
B HABW(107,10°,10° 10 ,10%) , BAME & H AR —FhE Y88 0. 4 ml, IR A 357, it R FRE &
B (SER) RAHEN N 10'4/ml, i s — Rk Pise s (SRATEH) R AR E 42510 107,10°,
10°,10%10° . 10°4/ml, EEEEE M A . HRIE I 40 MR S v U S 9 B 9 Aol 2R 3 Bl T B T AR B R )
TS AR VR P B B AN TR B LA VR B (SO AR AR YR ) o 7] B Ao I K 40 M A0 A TR A R A
B P R B A R (I EWR ) o
2 BRE5Hm
2.1 EE-4E TR RESE SR

2 0 SR A 2 T R S AR O B A g T B SR D 0 5 40 SR 0 B 2 e R B B e A
T BRI FRALEL R Tk et it 20 BB A D40 B AR 5 B e T T S 0 B B BTN AR 2 Bk
PIRASEEAR " BER B L AT T R SR B o Tt 3R RO P AR S MR
A 3 B T FCM Jouk 8 ik s a4 40 g M T 1 B B0R 2 , BT B BT 6 TS 15 R AR B
Sy BB A A B A B R (B I AR P AR P M A AR ™ . X TR R AT S,
T G RO, [ Bl 11 T TR SR« BV A 3 VR 2R Ak 40 BRSP4 i e [] B o B B 2 T R R A . A
SCH B AIHHE A B G (BB S 22) AR A G A& (BT TR ER) B Bk, s EE M
FEERE-AI T iR RS AR, 7Rl BB R T B RS AR X BE R C. tropicalis T4 E.
coli ZEIEFFYIHRIMERBCR o

ARSCTE RS ) BT o R R L 6 -FCM VE R T 0805 B, Bt R S B9 6 S 4450 SYTOX green REAS
L E A YR IR S5 DNA 2541 Yefa /578 R0 MY FLL A FL2 SEIE T BARSR A & 5100 (& 3
+ 504 nm, R RS 523 nm) , 78 FL1 ~ FL2 SUEE B B X E 40317 B i /5 1R A BE R R FIIR
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BB R BRKIBE 1 fiR. R 1 WTLE N, R 05 R4 (bacteria) BB B (yeasts) #PRERS K 58
RFN, FH 59 EHIR (beads) R EFIA B 51T,

104 ¢ 10* ¢
Eoa Eob

10° &

Bacteria

FL1-H

10° 10!

10%

1y K 3 1ol Lo Lol
10 10* 10° 10! 10? 10 104
FL2-H FL2-H

Bl 1 SYTOX green o5 S E MR BGEIE RS & (& a v 4 TC &, &l b EERE FC &)
Fig. 1 Flow cytometric dot plot following staining by SYTOX green (FL2 vs. FL1 channel) ; (a) bacteria and (b) yeasts

2.1.1  BERMBRELAERANE M5 TR 2R e i iR S 2B

FEA Rl FS AL BRI 8] T, P B 2 o i R M 75 VR R PR i O T4 5 R LI 2 AR 3 B o e A 2
HLAEH , ZERE RS IHIR] D 60 s B, P A 1B T 22 0 il ) 200 O R 38 ik B e ML, WV A — 2 3 o 7 ) o 200 i
WERMA K, MHE 3 TLUE N, 2 45 s B EANE, M5 R R AR B A R R Bl Bk fE, 7
60 ~90 s 22 [FI 24 g ¥f¢ 2 728 1L 0B B8 /0, S 40 BN TB) A 90 s I by T 4 JO B M 7R, 40 M VR PR O 95 T B
Falcioni %" FII0 25 I 90 s MBFSALBRREIRIS B RO TE M5 IR AP HORUR . S5 B TR BE W RE B O
PR , TR A 100W .60 ~90s 15 e - 40 B —Juik R 7 BUAR 1

= 1.4 —
~E =
i = =
e =
{E g
S8 2 .%
x £ 2 g
Z < Z
Mé @ §
¥ 3 ® 5
&3 # £
€5 ®e

” 2

I A 0 50 125
Time of sonication (s) A R 1]

Time of sonication (s)

B2 7[RI e xR B 227 S A

Fig. 2 Effect of sonication time on enumeration performance of FCM

B3 RIS iR xHE He 5 e i 4 B

Fig. 3 Effect of sonication time on enumeration performance of FCM
for filamentous yeasts .
for activated sludge

2.1.2 IEREFEEAN T EBEMAE SR YNER HRER

LRSI, 7E 90 s KL BB A EBAS TIRAMEERZI N EERRESE, MBS BEEHES TS
RNFELREEN. A TEHEBEAES (AR mEE RS B HMERE X, L 90 s B S Eb Y
ST, AR SCHE 5T 120 s BB TEER: C. tropicalis FIAIE E. coli Zh3%3: Y AE 7S MR , 1
WRAMAITEL 3 RMELERNEK 1, 590 s BFE BRI, 1208 S BAEEIE C. tropicalis fHIHR
Ji B 298/ (F =54.260,P =0.002 <0.05) , i E. coli £H ¥ B M4 B B 2 5:(F =0.430, P =0.584 >0.05),
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Xt BB (B E) SR Y S BB (A 2i3E R 7E 90 s 71 120 s BB 2 BUAR A T BB A M BRRICR T
VAE i, B A4 (120 o) X B (RN ZE R SR WU P MR RCR A R TR A BB (BB i -
XHE-A S TUE WA E R B SRR SR, CERWRAS HE T RS REXHE AR Y T
W, VPR BT KBRS A S MR WA, T A SO BRI 4 R R L 5
AT BE R T | RS LR W A0 O B U BAE R R T T 5, PSR T IR A 2R B TR i 5 5F
AEEEEE, BT ENEYHEROIBENERFER, BF0BAAENFERERNE. B, #5
FISH-FCM # JA% B 75 2 — 28 52 2 A W0 He i 0 BTUAL B R

F1 ARBEIEEHT C. tropicalis F E. coli #iiZ sty FCM HH#IHR
Table 1 Effect of excessive sonication treatment on enumeration of pure cultures of C. tropicalis and E. coli by FCM

[H]( s o PR Y PR
Tiiﬁ;f:(l)?iiat)ion C. sropicalis( cell/ml) Relat.ij:eH ?mzﬁdﬁfviaﬁon E. coli((cell/ml) Relatijf ?mzﬁdﬁfviaﬁon
90 2.02 x108 2.31% 5.19 x10° 2.85%
90 2.00 x 108 4.94 x10°
90 1.94 x 108 5.20 x 10°
120 1.63 x 108 4.75% 5.04 x 10° 2.711%
120 1.54 x 108 5.22x10°
120 1.69 x 108 5.31 x10°

2.2 ZPEAERE Uik R FISH-FCM 4347

R T RURERBER T R RE YR E M R B E , NS RS- ok R PR
A Yy BE TN L B3 FISH-FCM A UK B8 ) =20 , AR SCTE R AS RV B0 HL I — ek RESR A C. sropicalis
M E. coli Zhi3EFRYINE N 40 BE FIEE R A 1, X B B X TR W2 R K A Y A BN A P F R 4
B LR BRI 40 BE 25 A, T EL G 8 IR 243 e il R 4 e /NS A B TR R

10 g 10* g 104 g -
Fa ; b % C ’/,”
103 ;_ ) ' . 103 ; . 108 ; Beads
% E .. B d % E " . — F
= Foo R eads B - | g
Tlep ' T 10k F &
2 E. 2 E Beads
% %
10 * Yeast
Bacteria Yeast
100 | L vl v 10 EEEETTT ummn L 100 W1 TR AR TE
10° 10! 10? 103 104 10° 10! 10? 103 10* 10° 10! 10? 103 10*
F14 F1.2 F12

B4 FISH&RREHEWRRE

Fig.4 Flow cytometric dot plot following fluorescent in situ hybridization

Bl a g4 B — R R 1) FLA-SSC BRI ; Bl b 8 —{k R 1Y FL2-SSC BUREL, Bl o 3 ZInik RIY FL2-F14 YUEEHUOSE  (a) bacteria
(FLA4 vs. SSC channel) ; (b) yeasts (FL2 vs. SSC channel) ; (¢) binary sample (FL2 vs. FI4 channel)

B 4 BTG HE (B 4a) B (18 4b) B—R R LUREE -2 (B 4c) —Suih R A EL
RBE, B 4a WTLIA 78 FLA-SSC 40 i AR &5 F] LABH B0 T, 7E 8] 4b B - iE i R —Bl . 1B 4c
R MBI I FL2 ~ FLA BUS B B PR LUA , B TR RS EUB338 Jrif 9ot ekt Cys 7& FL4 &
BARKEDE, ARETE UL(A L) X BT PF2 Jrfdotiest Cy3 7 FL2 EiEA A 4100, B BR 7
LR(CAT) R, REFEATOL, £PE LL(ET) X, HH8Ek s T AR EEE A BRI HTLL B UR
(AL X, WEZIRREBE AR IR . XRIRAPIF R IR PF2 EUB338 [R5l 2% 5 e B4 B
IR R TR A, W M BRAS PR B X B B A BRI, SR IR IS BB RR R TS R X
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S SE RARE T I 20 M A0 %o 7o 00 200 8 e 1 B — o i B — TG AR AR O A T4

LA — PR AN 0 R B0 E S 8Os X Bl BRSSO Yl TR AR AT . AR ARIE
E IR AR Y RN T 45°2 b S 45 ST B4 R SENBEM LA E , WEA R . IRHKK
AN EERAZ LR R ENE, BIRE T ok RN AN IZEAR S, WRAEW, W&
.

MBS TTLIE Y, Toit R — B A RE R ERE RN 1074/ml I _TORAKRR, HEEHRE
4351 10°.,10° 10° 1074/ ml B W B9 B T 404 SROLT-5E 2 AR ), 32 WA 40 B vk JE AL T — s Wk BE B SR
FISH-FCM #6301 5540 B — U 2R v B Rk J3E A A I 45 SROAS 32 40 B 7 O R R T -5 TR R JEE T K5 T 24
BEYREE 10757 10°A/ml B, 4008 RO AL B B0 B —STR R e BRI VMRS R K TR S R
EFFAENA B2 5, 0F LR VR IR A 22, 3T 10%,10°,10°, 1074/ ml fy B YK BE , U5 (6 A 33
EEFEAL Y (EALT 45°4 b ) , BEBA MG ET FISH-FCM 3306645 2 HL AR B4 I 45 515 T 24 40 f ik 3 O 10° 5§,
10°4~/ml B, A — RIS RSB ME(RE T 45°8K) , MBARRMHT RS RN ELEBELE.

M 6 T LAE H , TCif 2 B — B 4 PR FROE R B BV B (R 1074/l I " STIR AR AR, H 0B v
G312 10°,10%,10° 10° 1074~/ ml B P& B AR BT BRES SR LT SE A1) , 32 A 1 B b F — 5 VR BE A 3R
FISH-FCM 6 30 540 B — U R v 20 8 R 38 A A 00 25 SRS 32 g A7 7E ) B2 MR T 5 A R JBE R K5 T 24 4
BVREE Sy 1074/ ml B, T B} 00 77 70 %ok T -4 B — Tk 2R vh 0 B PO T R B, BRI
FERBESF . 3T 10°,10°,10° 10"/ ml By 40T BE , I S (E RIS (AR AR 24 CRALTF 45°& 1) , 380
it FISH-FCM HHECAR AEAS B LB B 45 R, MMM 0 10° A/ ml i, B — R R TR AR RIGTHEE R
AR Z (MBS T 45°4%) o HAMIREEN 10°4/ml B, B ARR LB — R R E IR B BIH

0 kR " TR D B—fkR LR vi [ 33

1.0x10% —~  Pure cultures Binary samples 1.0x10% —  Pure cultures Binary samples

1.0x10° 1.0x10¢ |-

1.0x10* 1.O0x10% -

BRI E(C/mI)

Theoretical concentration (cell/ml)

1.0x10% 1.0x10% |- O m

FRIB K (> /ml)
Theoretical concentration (cell/ml)

1 | 1 | 1
1 1.0x10% 1.0x10* 1.0x10° 1.0x10% 1 1.0X102 1.0x10* 1.0x105 1.0x108

W 5 ¥ fE (AM/ml) W TR BE(AmD)

Measured concentration (cell/ml) Measured concentration (cell/ml)

Bs BEARM_TERPBREGHENE

Fig.5 Enumeration of yeasts in pure cultures and binary samples

Be6 B—EARN_THERPAREENE

Fig. 6 Enumeration of bacteria in pure cultures and binary samples

MU EZRT LA, Yook R P E R YR E N 1074~/ml B, BARB4: Y1k B 9 FISH-FCM &
A LR 2] 10°4/ml, Bpfc 18 B U8 0. 1% , Forb YAk B O 1074/ ml i 40 e J8 T B50EE 28 7T LAKS
3 10°4/ml, BI I E S B{UH 0. 1% , 7T FISH-FCM B39, Joachimsthal 2 5% B FISH-FCM #1 # FE
#£7K & Eubacteria ., Enterobacteria. Vibrio spp. \E. coli 4335 S8 LI~ 0.67% ~39.55% 0 ~2.46% 0. 18%
~35.82% 10 ~2.46% ; Tay % U R BLFEUBURIS VR o R B4 o 407 M3 0. 56% . X BERF5ER A FISH-
FCM v L) SRR AR AR S 2 1 BEAnt g, TR Stk AR RIBAHEAEM P, Yook R+ BHirkid
IR I AR ( < 10°VBERE/ml BR < 10° N/ /ml) , B Bk MR e 2 TR S T s RS T
B LR O, o0 R B AR R RO T R BB T B B R B K, 24 vk B S 32 58 — b e
YA RE K,
3 4ig

(1) ST TIEHTE TR L B UL, AR A AR 45 ~90 s, 483 90 s M0 M 7= Be R VR , T B £
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B 2R SE 20 U S A0 I 5 BT 60 s HOBEFS 20 BURt A, BB R4 T, RAES (AR a5
BB (BRAUT) Si sk IR MR = B RACR B2 A ) B S o B SR E R — B 8 30CR

(2) BEREF 432K FISH-FCM BORBBIEEER: A AR BRI T, TRRE—KRER_STR AR

%, FISH-FCM #RAEREH & 10° ~ 1074/ ml e ) B 5 SRA0 181, 15 I Aot My 4 o ole e el MK Bk — ek 2R
AR T Y B XERE

References:
[ 1] Sakamoto K, Konings W N. Beer spoilage bacteria and hop resistance. International Journal of Food Microbiology, 2003, 89(2 3) ;105 —124.
[2] SunYH, LuWZ, Gao J, et al. Treatment of high-strength oil-containing wastewater by mixed yeast cultures under different pH. Techniques and

[4]

—r—
N
[R—p—

[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]

[20]

[21]
[22]
[23]
[24]

[25]

Equipment for Envirionmental Pollution Control, 2006, 7(9) ;94 —98.

Malandra L, Wolfaardt G, Zietsman A, et al. Microbiology of a biological contactor for winery wastewater treatment. Water Research, 2003, 37
(17) :4125 —4134.

Petruccioli M, Duarte J C, Eusebio A, et al. Aerobic treatment of winery wastewater using a jet-loop activated sludge reactor. Process
Biochemistry, 2002, 37(8) :821 —829.

Zhu L J, Zheng F Y, Li Q, et al. Methods Review for Beer Spoilage Detection. Food Science, 2007, 28(1) :360 —366.

Malacrino P, Zapparoli G, Torriani S, et al. Rapid detection of viable yeasts and bacteria in wine by flow cytometry. Journal of Microbiological
Methods, 2001, 45.127 —134.

Vaahtovuo J, Korkeamaki M, Munukka E, et al. Quantification of bacteria in human feces using 16S rRNA-hybridization, DNA-staining and flow
cytometry. Journal of Microbiological Methods, 2005, 63(3) ;276 — 286.

Hartmann H, Stender H, Schafer A, ez al. Rapid Identification of Staphylococcus aureus in Blood Cultures by a Combination of Fluorescence In
Situ Hybridization Using Peptide Nucleic Acid Probes and Flow Cytometry. Journal of Clinical Microbiology, 2005, 43(9) . 4855 —4857.
Joachimsthal E L, Ivanov V, Tay S T, et al. Bacteriological examination of ballast water in Singapore Harbour by flow cytometry with FISH. Marine
Pollution Bulletin, 2004 , 49(4) ;334 —343.

Tay ST L, Ivanov V, Yi S, et al. Presence of anaerobic bacteroides in aerobically grown microbial granules. Microbial Ecology, 2002, 44(3) ;
278 —285.

Ivanov VN, Wang J Y, Stabnikova O V, et al. Microbiological monitoring in the biodegradation of sewage sludge and food waste. Journal of
Applied Microbiology, 2004, 96(4) :641 —647.

Oliveira K, Haase G, Kurtzman C, et al. Differentiation of Candida albicans and Candida dubliniensis by Fluorescent In Situ Hybridization with
Peptide Nucleic Acid Probes. Journal of Clinical Microbiology, 2001, 39(11) ;4138 —4141.

Righy S, Procop G W, Haase G, et al. Fluorescence In Situ Hybridization with Peptide Nucleic Acid Probes for Rapid Identification of Candida
albicans Directly from Blood Culture Bottles. Journal of Clinical Microbiology, 2002, 40(6) ;2182 —2186.

Xufre A, Albergaria H, Inacio J, et al. Application of fluorescence in situ hybridisation ( FISH) to the analysis of yeast population dynamics in
winery and laboratory grape must fermentations. International Journal of Food Microbiology, 2006,108 376 —384.

Deere D, Shen J, Vesey G, et al. Flow Cytometry and Cell Sorting for Yeast Viability Assessment and Cell Selection. YEAST, 1998, 14.147 —
160.

Zhang Y Y, Zheng S K, Yang Z F. Yeast Microaerobic Treatment of High-strength Organic Wastewater. Environmental Science and Technology,
2006, 29(11) :96 —98.

Amann R I, Binder B J, Olson R J, et al. Combination of 16S rRNA-targeted oligonucleotide probes with flow cytometry for analyzing mixed
microbial populations. Appl. Environ. Microbiol, 1990, 56(6) :1919 —1925.

Kempf VA J, Trebesius K, Autenrieth I B. Fluorescent In Situ Hybridization Allows Rapid Identification of Microorganisms in Blood Cultures.
Journal of Clinical Microbiology, 2000, 38(2) ;830 —838.

Laplace B C, Hahne K, Hunger W, ez al. Application of flow cytometry to rapid microbial analysis in food and drinks industries. Biol. Cell,
1993, 78.123 —128.

Biegala I C, Not F, Vaulot D, et al. Quantitative assessment of picoeukaryotes in the natural environment by using taxon-specific oligonucleotide
probes in association with tyramide signal amplification-fluorescence in situ hybridization and flow cytometry. Appl. Environ. Microbiol. , 2003, 69
(9) :5519 —5529.

Falcioni T, Manti A, Boi P, et al. Comparison of Disruption Procedures for Enumeration of Activated Sludge Floc Bacteria by Flow Cytometry.
Cytometry Part B ( Clinical Cytometry) ,2006, 70(3) ;149 —153.

Papadimitriou K, Pratsinis H, Nebe-von-Caron G, et al. Rapid assessment of the physiological status of Streptococcus macedonicus by flow
cytometry and fluorescence probes. International Journal of Food Microbiology, 2006, 111(3) :197 —205.

Braga P C, Bovio C, Culici M, et al. Flow Cytometric Assessment of Susceptibilities of Streptococcus pyogenes to Erythromycin and Rokitamycin.
Antimicrobial Agents and Chemotherapy, 2003, 47(1) ;408 —412.

Nebe-von-Caron G, Stephens P J, Hewitt C J, et al. Analysis of bacterial function by multi-colour fluorescence flow cytometry and single cell
sorting. Journal of Microbiological Methods, 2000, 42 97 —114.

Lebaron P, Catala P, Parthuisot N. Effectiveness of SYTOX Green Stain for Bacterial Viability Assessment. Applied and Environmental
Microbiology, 1998, 64(7) :2697 — 2700.

SE 3k :

[2]
[5]
[16]

WELD, B, B, 5. AR pH /G T BEEALER S HBKKBTS. FF5E R EEAR 5H%,2006,7(9) .94 ~98.
SRARIL, FB Rz, 2R, 4. MERTT A TG ) A 0 77 1. RO Bk, 2007, 28(1) 1360 ~ 366.
e, O, kg, B EA VU KB SRR BB AR FFREPESHA 2006, 29(11) .96 ~98.

hitp : //www. ecologica. cn



	10b100.pdf
	10b101.pdf
	10b102.pdf
	10b103.pdf
	10b104.pdf
	10b105.pdf
	10b106.pdf

