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Abstract: [Background] Calcein UltraGreen™ AM is a novel fluorescent dye used to label and monitor
living cells. [Objective] A rapid detection method of viable bacteria was developed based on the
characteristics of the Calcein UltraGreen™ AM. This fluorogenic probe gives strong and stable
fluorescence signal in living cells, its fluorescence intensity is proportional to the number of living cells.
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[Methods] The cells of bacteria, especialy the viable cells, were stained with Calcein UltraGreen™ AM,
and then, its fluorescence intensity was measured. The standard curves of the fluorescence intensity
value-viable bacteria number were established by simultaneously number counting of viable bacteria
using the plate method. [Results] The optimum pH for staining viable cells of bacterial was 8.0. Under a
specific staining temperature, the total number of viable bacteria can be readily detected within 20-30
min. The standard curves of the total number of both Gram-negative and Gram-positive bacteria,
including Pseudomonas aeruginosa NY 3, E. coli, Bacillus, Rhodococcus erythropolis FF, Saphylococcus
aureus, and Bacillus subtilis, vs relative fluorescence intensity was established. A good linear relationship
(R2>0.99) for the six bacteria were obtained when the ODgy Of the bacterial suspensions were in the
range of 0.01-0.30. [Conclusion] When the concentration of the sample suspension was gusted to
10°-10° CFU/mL, a rapid, convenient, accurate, reproducible and stable detection method was devel oped
with good recovery and accuracy. This established method can be reaily used to measure the living
bacteria in the fields of microbial experiments, solid bacteria fermentation, food hygiene and safety, and
environmental mornitoring.

Keywords: Fluorescence detection method, Total number of bacteria, Calcein UltraGreen™ AM, Rapid
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Figurel Effect of dyeing temperature and dyeing time on therelative fluorescence intensity of viable cells of bacteria FF by

Calcein UltraGreen ™ AM
o A FSESEREMNZEME; B: TRAE.

Note: A: The difference between the signal value and the background value; B: The background value.

F 1 Zf 20 min F0 60 min SRR S 24 fhik 75 R IR E AT RSB AN LS RATEE

Table 1 Comparison of relative fluorescence intensity detection results between actual detection at 20 min and 60 min of

staining and linear curve equation conversion

Y€ ) [ Pt AN 9 S i AHXS AT U O 2
Dyeing time (min) Dyeing temperature (°C) Relative fluorescence intensity Relative standard deviation (%)
SEBRASHIAE LM
Actual detection value Linear equation conversion
20° 15 3 304.66 3284.52 0.43
25 4795.76 4760.93 0.52
30 5566.31 5523.42 0.55
37 6 701.07 6 622.36 0.84
60" 15 14 626.67 15 392.60 3.61
25 18 220.50 19 291.70 4.04
30 21 017.40 22 442.60 4.64
37 27 233.05 29 877.80 6.55

T % P L e IR A 5-30 min B 4 ik FEE 6V 11 2 i TR 5 M 20 I 3R B (At ey 5 O 1] 1 R €5 i £ 30-85 min

IS 4 TPl SR 7 ) 24 (5 B 1) 5 AR 0S5 e BE Bk P 2 5 7

Note: % The linear curve equation of the dyeing time and relative fluorescence intensity values corresponding to the four temperatures
when the dyeing time is 5-30 min in Figure 1; ®: The linear curve equation of the dyeing time and relative fluorescence intensity values
corresponding to the four temperatures when the dyeing time is 30—85 min in Figure 1.
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E 181
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= 12}
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Figure 2 Effect of pH value of TrissHCI solution of FF
strain on the fluorescence intensity of living cells stained
with Calcein UltraGreen™ AM

Relative luorescence intensily (< 107)
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T

l 1 1 1 1 1 1

0 02 04 06 08 1.0 1.2

OD(-[])
B
5r 710
m  Relative fluorescence intensity ]
® Number of live bacteria
4+ E— 8
1=1.4x10°%x+245.21 1
3 R=0.9966 46
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R*=0.992 1

L 1 L 1 " 1 L 1 L 1 O
005 010 0.1I5 020 025

OD{\()()

Relative fluorescence intensity (x10%)

Number of live bacteria (<107 CFU/mL)

3 ODgy {E Xt Calcein UltraGreen™ AM & SE4H AR
WA IR E RIS
Figure 3 Effect of ODgy value on the fluorescence

intensity of living cells stained with Calcein UltraGreen™
AM

e A: RVRE PR IE IR ODeoo fELXTHEICIREE MIFENT ; B: Ik
WRIE FF IR 1 ODeoo (B -5 ARXS D GHRBEH . I BIE Lk
Note: A: Effect of high concentration FF suspension ODgy On
fluorescence intensity; B: Linear relationship between ODgo and

relative fluorescence intensity and total bacterial count of low
concentration FF suspension.

315 SCHRTT 1 ODgoo -5 4 AR IE P29, i L
ODeoo 1H REFE— & FRJE S WL TR &5, RISy T
ODegoo H-5 1 B 214 - 26 (K] 3B), Tl ODegoo fEL
SRR (R . TE RO R RIFRIE R,
L RT3 2ok A A R e - A X 2 5 P s o i 4%
(y=0.000 8x+475.97, RP=0.999 2)i &+ i vhid 4N
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24 TRFRIKRE X R BRI

T Calcein UltraGreen™ AM 2% e gu e fa %
AR R 1-10 pmol/L, it —P
ST A TR A ORI 53 LA B 358 Yl Aol v J3E o) e € 3k
R, R YRR B R TR B ODeoo fH, HE A
TrisHCl % pH 8.0, [ YL At a2 20 min, 4y
EIRE 37 °CHFTEEE:, A5 R 4 PR,

& 4 v] %1, Bl Calcein UltraGreen™ AM
BRI R, [F]— PR ODeoo fELIT XTIV 1)
FEXT 2 5 B (AN B YRR B2 B Ry R, Ui B
Yol BE7E 1-20 pmol/L X YRk A0 i E M5
M 5 Gutehye BEARTRIRS , B B ODeoo fHLIIE K,
FEXT G0 FE AR 2 34K, {4 ODgoo {H>0.30
B, AXTOO R B E AN Z 3, DB YRk BE 1)
AN 1 R B T R TR AR X iR FE (R AN K
o, [F] I B IE T 8] 3A H 24 ODgoo [>0.30 i A 5%
S B (A A B DOt AR EFR , FFAEguRhk B
IR P, R Yol B | YL (i
B a], BV R BRssAG DA i o 2 P B

—&— Blank

—e— (D, =0.052 —&— OD,,=0.10]
—v— 0D,,=0.202 —e— (D _=0477
—— 0D, =0806 —»— OD,,=1.191

4 " ; i

Relative lTuorescence intensity (x 10%)

1 L 1 L 1 " 1 L 1
0 5 10 15 20

Dye concentration (pmol/L)

4 Calcein UltraGreen™ AM SREREXTEE FF &
75 210 B B AR X TR 5 B B 2

Figure 4 Effect of Calcein UltraGreen™ AM
concentration on the relative fluorescence intensity of
stained FF live cells

25 HHESEBONE 5 EE M IR

W IR HENT BRI 0 4 BR A IR
BHPET A 2 AR 2 [ BAPE B TR A A b o 42 B3k
A&, A E T pH 8.0 i) Tris-HCI 7Tk, Y4
ke 20 min, Ye@iREE 37 °C, (L4 E R 6 Fh
PRRR A RIS A 2 i AR 1 Stk B 4 ¢ 2
iR . AN R NIRRT, iz i ff
FZSEA AR R, WK L AE 3 iR, Frkh
e Yot A Ak ARG S L R kTl U 2R A R —
25

HH % 2 A1, {di/f] Calcein UltraGreen™ AM 7%
SEY R AN E AT R 10°-10° CFU/mL §E
RIS TG AR K0, 1T FL AR 2 B ST AR B
UFHERPESE R, 6 FiRRAR B L AT O il 28 [l 5
RCHRT 0.99, {H 47 B 4 i ik T 10° CFU/mL i,
FEXF S a8 B (5 15 A R EOCZe M R . 76 6 RIS
PRH, A v o A BR AR R W TR ) A S A A
JIN, AR BAOR TR IR i e 7 R AF X6 5 i B8 L DU e
AN, R, HERAE R FEARER AN
26 NH
261 THEYREEBEISEYIERRPIEEHN
Lo

WUEEP A DL R 5 = A A LR, WF5R
T, A WL X E Py itk — 25 B A £ T R A e i
YERIBN, Nie 2258 & BN T LR i
FI RS e IEE R, T A UEVE S A A K
HOEA MR . BRI, A0 A R A AR
HR TG RS A I T R X FF R A
KI5 e . 5 FR M T T MR
SR A 0 A Wk TR BRI S SR B U A 5 SR
R 3 A I A ) A K B TR 8 ) P TR A TR R X
DGR EEE, PR IS 2 T 1Y FF B [RH 7 R
J6 AT B AT I 6 B A, AT PR AR K4
WE 5 R

HE 5 AT, FR WA T RS ARG
Sh i U5 P 95 TR R T E DA A I A M — B U
T PR, AT IR AR AR O R T FF
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# 2 Calcein UltraGreen™ AM 38 6 MAAE RO IRE B S FARUE N E A E BUE L HIAR 2%

Table 2 Calcein UltraGreen™ AM staining relative fluorescence intensity values of six bacteria and regression equation

established by plate count determination of viable counts

RIS BARR N A1 FR HSE T R ARk HIXRH R
Bacterial species Bacterial size Detection limit Detection limit ~ Standard curve Related system R?
(um) (CFU/mL) (CFU/mL)
S A AR Diameter 0.8 8.50x10° 6.80x10° y=3x10 °x+101.24 0.999 3
Saphylococcus aureus
KIHFT (1.1-1.5)x(2.0-6.0)  7.06x10° 3.53x10° y=4x10"°x+423.97 0.999 1
E. coli
LTI RS FE (0.5-1.0)x23 1.00x10° 1.00x10° y=8x10 *x+475.97 0.999 2
Rhodococcus erythropolis FF
M2 B NY 3 (1.5-5.0%(0.5-1.0)  1.08x10° 2.70x10° y=4x10°x+724.97 0.995 8
Pseudomonas aeruginosa NY 3
2 AT (0.5-2.5)x(1.2-10.0)  5.03x10° 2.01x10° y=6x10"°x+221.07 0.999 0
Bacillus subtilis
HHAT 6.15x10° 1.23x10° y=9x10°x+221.29 0.998 5
Bacillus
~ ()__ —u— Petroleum+Succinic acid %W’tﬂiﬁéﬁt, %/fﬁ?ﬁfﬁﬁﬁ Hﬁ‘?fﬂ?zt‘(ODeoofE), T A
£ 8[ —o Petrolaum BT B, K FR 2, A 1A
= 7 B 4 4H 2> ™ Voxard
Y oL RETE 30 min PNAFAIZE R, 5 Sl FE s 5
N SRR
g 4f 262 EFETAEIIEFEERAEN
S 3F A P A T A2 T IR A P ARl HE
<2t I R e b, A e A A T AR BT 7R K T Y AR
21r BERF, AT LA AR SOy 0716, 3 o 2 W
=
20 LS R AR L RSOl I . % 32 ik FR

0 20 40 60 80 100
t(h)

5 FFEZERNEIE LS K
Figure 5 Growth of strain FF in cultures with different
carbon source

BRAEAT I B AE KRG R Z), HIT %
Xt FF R EEAR ST Gyt A fe e, X5 Nie
AP BT R — 3

Tl A e e R P X T 0 T 0 A 0 2
ANTT B RS AR AL U 5 ¥ (AR
BORBAE R 2%, IRAFERI R s HedikAh
SO JCE A R ERA (75 R, 1 HIh S5 4ed)
(R ATR R PR L SCHAAT (PR, T TR R &5

&3 EFETAEESdICES TR BUEN EEE R
&M EERXTEE

Table 3 Comparison of detection results of live bacteria
counts by solid-state microbial fermentation for 5 days by
fluorescence method and plate counting method

4] R R A AR 22
Fermentation Number of live bacteria Relative standard
time (d) (CFU/qg) deviation (%)

Jobk PRI

Fluorescence Plate counting

method method
4.78x10° 4.47x10° 4.73
6.53x10° 6.19x10° 3.82

1.07x10" 1.01x10% 4.24
1.26x10" 1.24x10% 0.87
1.50x10™ 1.48x10™ 1.19

a b wnN PR
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A ERE A KB (A BN R R, Bl AL
R AR A X AR ERT 0] A0 RO O E 255
FRMOHARNE A AR, Hi, FHEE%
A ERREZ . P TrisHC hZs 1, 155
T A B FE X 2 B (B 2 M i % y=0.000 6x+
306.42 (R°=0.999 7). MIMELE KB BH , K
R R BR R, 00 4 R R 2 S UK, 1B
WA TREOEZ . FRBE R ZEE 5 d 540 A
4.78x10° CFU/g 14431 1.50x10™ CFU/g, 4AHXI5
SR T, AT LRI L R, ik 3
AIHT, SEETET AR TEIC RGN [F6 R B 79 o B 45
SEIR—E, MIXTARMEIR2ZE7E 5%LAPY, T H A EE
E I ARG TP RO, 2 R PR A
(A3 5 S AN FH 1A B 350 v e A T e A
Foan—Se RN . BRSO ak T LAY T
NG, RENE v b S LTS 41 BR 4 PSR R
2.7 SHFTART IR SR AR B UM E LR R
FEFERER

T BB A% G I 'y v A 8 S AR AR AN e
Mk, R H R s E v N iR I
W7k, I SR PR AR PO S

TR bRHE L (18] 4) . ODeoo (H-5 1 BN LR
k(& 3B). WaCA ik S1L Sk s a5 1w
XFEG, SRIGUEEE T 9Tk B HER I FmT Sk, S20R
ZERNE AR

M3 4 AT, 5 R ik RS ek S
SRR XT AN (AL BE ] — A i A5 ()35 B 30
AR EVEZES WA 3 R e ik k2
5 (P<0.05), i B 37 1 98 5 s HAG A8 v A M
P 5 TR AN M R e i g A ER M B A, FLR X
240 Jf 9k ™ b 3T X A i ko A R L B
SYBR® Green I %¢ 5t e kb i1y B 5 H AR SC fr
Calcein UltraGreen™ AM Z¢ G YL bR E 2% |

TEEE TS RN 4 Fs, 5 R )i
DO CHAE B E R RSD (H/NT 1%, EHIA ST
RS G S ARG B BT, T L vk A 2R 2
FERe s, TaCHIRIE LA RS % B KA, L Calcein
UltraGreen™ AM %644k SYBR® Green 1 %6kt
Yokl NS 2 2T 5 5 FNE ik ootk .tk
2% A ™RSO FE AR MR RSD /D
F 5%, TERZEARVFIEEIN, BLEHA B E I,
111 2 A kO B A 25, U] Calcein

R4 TEIRE FFESRZSLE. WA, RAMEHTECES FRTECENE FRBUE ML RXTEE
Table 4 Comparison of detection results of FF bacteria suspensions with different concentrations by fluorescence,
turbidimetry, flow cytometry and plate counting methods (x+SD, n=3)

Jrik 1% 1% %% Number of live bacteria (x10” CFU/mL) Ky WM et miix

Methods ODgo=0.057 ODgy=0.102 ODgp=0.204 ODgy=0.477 Precision Repeatability Stability Recovery rate
RSD (%) RSD (%)  RSD (%) RSD (%)

PIER 1.21+0.018b 2.10+0.016c 4.21+0.018b 12.1+0.100c 0.64e 0.72e 4.73c 101.50+0.01c

Fluorescence method

[SRLISES 1.16+0.105c 2.79+0.204a 5.59+0.167a 14.0+0.208a 6.41a 49b 3.46d 121.09+0.23a

Turbidimetric method

MR EE 1.20+0.015b 2.08+0.045c 4.19+0.060b 11.9+0.100c 4.63c 1.61d 1.42e 100.27+0.01c

Plate counting method

TS iy ™ 1.10+£0.017d 1.91+0.012d 4.06+0.011c 11.4+0.851d 2.46d 2.88c¢c 5.44b 94.17+0.05d

Flow cytometry method™

A g ® 1.54+0.212a 2.33+0.326b 3.97+0.518d 12.6+0.658b 5.35b 11.35a 12.57a 112.23+0.15b

Flow cytometry method®

FE: ™: i Calcein UltraGreen™ AM 3 ek et ; ©: F SYBR® Green I 9 e ety ; AR [al Rk /R 22 -k i 3 (P<0.05) ;

ZE SR AT A AR B ) — S Bda 2 ) Y LR

Note: ™: Stained with Calcein UltraGreen™ AM fluorescent dye; ®: Stained with SYBR® Green I fluorescent dye; Different lettersin the table
indicate significant differences (P<0.05); The difference analysisis the comparison between related indicators in the same column of data.
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UltraGreen™ AM 7 5t54 R SYBR® Green [ 26
YR E AT s SPARGTEORAE 1 h RS e M e
I, RSD {HA N 1.63%, Ji=X4nieiksE 1 h NifeE
PR, Hh i SYBR® Green I 2¢)G4ukHY RSD
{HAIAE] 1257%, 1M»HOGEAE 30 min NIY RSD {8
h 1.33%, BEEIZOEIEAE 30 min NIEAT e, HokE
B T 1B R B YR A B RO G R
AR ZE DR MAE (o R B 2 i e e st i) s 5 A
Wk EICREE R BoR, 9Ok S POk
(] JC 8 5 1 22 5, BRI (v B T

ZRAER AP S RNINE IR .
TR e R ] A 23 g A X A 94 i 2 (RSD) 1L 43 A 7T
M, AERZE SV, AR SO 1SR A
A RPN S SR RS . L R
PR
3 WikE4®w

AN T —FIPLE | (R BE SR I 20
PR, A T R BRI SR, A Ty Y
YoRHREETE 1-20 umol/L, 055 [ Yefa i i, e
o i AJFE R 20-30 min, L) Tris-HCI (pH 8.0)i&F % M
25, BRI S AR X S G B AR T TR
MM, RIATHEA 79& BRI . BT O E
RS FH TR IS RO B AE 10°-10° CFU/mL B
PRI, 7 5 AN 7 T AE TR 2 ODgoo 1H
4 0.01-0.30 MBI Y , X F 2 B 2% [ BH % v Al
A T > PG B AT LA AR G 3 I o 3l g
(2 A BB A DR B etk i 2k, AT T3
I 2 TR, DI il e, (A5 S0 i A
iy

W HE ST SR IN VN T PR BRRR A AT
TR IS B BCRAGIN AT LB v SR A R A1t
TG RO AR RS, H AR GG Iy 7 T e
BTETHE, SRS R o BN W9 I 5 v 0
F AT A, BEASDLEE . om0 1 (A B 751
R TR R 200 DA A, DT AV T A 790 e e o
PRI B

T 0 S T T4 o 5 240 1 200 2 o
R TR RN, FaErE 7 SISO ] B
PR TP AT M E SR ST
U S AR S R, XA
BFFE BOAERI T AT A3 2 B, i Sear [y e,
FET5 0 TR B VRO (0 AR iR B EA T35, T
ARAT H AL ODeoo HL(ILAhAN A ) B fiify . A
{935 2 B (. 30 min 14)

S BRI it S B it P B
MUSTEL , T RS8R 2 F S TPk
FORINZS SR, T LT, R A

TEMEASE I, IEA RO R, . R, ik
it FRIE LT iof Rt A2 S e Je BB 45 AR
() — TS bR, KO T Fabtt, FLcF o
TR E RS MR Y IR A B bR . E RO T
R 2 AN )y v o R 2 ) J2 ATP 586356
WA M5 (Flow cytometry, FC), {HEBTEAE
— 5 ) JR R L ATP 5 i B S B 5 S i K el e
6T, T L SR 5 , 2R i 1 25 °C
SR P, DTGS2 SRR A1, L
NTADN | PO SPARE =k 211l L st 1= W (b e
Bk m B P 2, (USSR B L, TR
FE SR TEA T T B, AG IR AS 5 LTV L B0 b
Ao B SR BT SR e A SCEE ST B R, 7
WEESMEN, TCFARE IR, E BRI Y,
AT SEUBRAS . R, %0 W S PR R S R
ARV RR I 2 . Q0 S PR Vi LS
PR, Wedi 5 B MK RO G, &
S5 2 MBIPREI LR, SRJF BE I R
Y SEBRE R AT, B P B A R T IR
KA, TRERE ST AR LR, T SEBUE EECIE .
H T [ — R i P AN B RS, NI, IXREAYRR
HEHRZE PTHR AT 1, AT SCEL bR AR
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