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o BRI NGEARERMES L EERBANE., FREV NROP L) BRI ARSI b 23 5 f% 4w
He 3 By B g R, BB B R E 0 1/10 000, % B I 7 30 mins5-A F HE K L F = Z B B (CMFDA) R K % =
ZERB(FDA MUK AN EE MR T AR E R LR RNE  EXNAAHRARYE,EH TN
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TE AN AR5 2 R AR pg I L 38 2 CDA 6 & G0 20 T 4 i i A7 5 B L 16 40 e 2 52 3 Y, m]
DATFEL O 58 3 280 2 T A 41 e €0 R L ) A0 4R 1 3 PR L L R 2 e sl R B O Y i L
b Y8 J5 TR A0 AN A8 T A I AE BB T RS IR B R AT A

H R A &2 G RN AR 2 O Y 40 45 I 35 58 240 L 005 P 1 oy P i e /0, A AR S8 A BE XA 0 OsE AT T Pk
I I EE A AR KR R R B R B Yty TR AT T RS S R XA e S H AR R Yt T ik AT e
B, Sy ST — BT PR T T RE B T GO 0 A AR I PRSI i L AR SO AR R K R LAY 3 AN TR
11 Fof ol 56 045 40 0 P 3 b e € e P PR 4T (Neutral Red , NR) \5-48 F 356 — 2 BRI (5-Chloromethylflu-
orescein Diacetate, CMFDA) . %% Y6 2 — Z /&[5 (Fluoressein Diacetate, FDA)) #E 47 T 4 646 M) % Fe , #F 98 A
[Fi) e €2, 350 1) G 8, 25 1 R g (A 00R

1 MBS Ik

1.1 EMRIES

S0 AT F = M #8386 8 (Phaeodact ylum tricornutum) 4F 40 i B (Chaetoceros gracilis) /N A 2218 3
(Nitzschia closterium f. minutissima) 55 5 K@ # (Platymonas helgolandica var. tsingtaoensis) . Ft & 3h
¥ (Dunaliella salina) 7= 16 5L B 3 (Prorocentrum donghaiense) KRIRPUE ¥ (Karenia mikimotoi) 5/
JEH #: (Prorocentrum minimum ) B8R P71 K8 (Alexandrium catenella ) 383 Py 1L K B (Alexan-
drium tamarense) FIF| I 5 3 (Prorocentrum Lima) 11 Bk 5240 Jf0 1o s 3 A X5 8y 1] 5 065 1 Jmg 26 — M TR DE 5
JIT A 265 R T R AR A . W RS R OR A (/2 BRI W L R R AR IR E A A E (20 D)
C MR 100 pmol/(m® « &) SERE AL 12 b+ 12 h, fFik AFEEUE R BITF R S8 .

1.2 FEFIHE

CMFDA (Invitrogen) fiff /- : Bt 50 pg CMFDA ¥ T 430 pL 89 — H L (DMSO) Hr, B2 i ik B2
250 pmol/L ) CMFDA fifi 17 #& ; FDA (Invitrogen) f#i f£ ¥ : B 100 mg FDA ¥ F 5 mL Ay = H L K
(DMSO) 1, e il Bvk B2 & 50 mmol/L () FDA HEA W, B 20 pL. FDA #ER W % T 980 pLL i = F 7 BK
(DMSO) H, BL il B B 4 1 mmol/L 1) FDA i £ s P L0 A7 1 g tP 203 T 100 mL @ 4K,
TC i MR B SR 1 00 B v M LD AR A W, OB IRk i . A G (B AE M TE 4 °C TR IR AT L 1R A B B

MG TS 06 45 L Ye (s rh 41 . CMEDA L FDA Al CMEDA +FDA 32 R143 50 A 2 FE 5 7% W &
FRUL R E T 3 MY IR ERLE, I3k 1 iR B BRE IR E 3 A FA74l,

x1 TEALBFENLEERE

Table 1 The different dyes concentration for each staining method

et )y i Yo (o
RN 1/2 000 1/10 000 1/50 000
FDA 5 pmol/L 10 pmol/L 20 pmol/L
CMFDA 2.5 pmol/L 5 pmol/L 10 pmol/L
FDA (5 pmol/L) +CMFDA 2.5 pmol/L 5 pmol/L 10 pmol/L
CMFDA (2.5 pmol/L) +FDA 5 pmol/L 10 pmol/L 20 pmol/L

1.3 AREeS5HERE
P ER TR0 32 00 R fole o 4 M o 52 L B 1 e L I 2909 110"/ mL (93 T 0 8 R i AR
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R AN ML R GIR AR T (20+1) Cor B4 €5 (10, 30,60 min) , A 8] & 2¢ 5% 8 4 8i (Nikon ECLIPSE
TE2000-W AT K I . 450 A2 61K FDA, CMFDA,FDA +CMFEDA 1, 5Ein A FDA, ik % 1E &
PI5) )5 FE A S 6 CMFDAL R IR AE T (20 1) C4r 9644 €4, (10,30,60 min) , 18 56 % 1%
5% (Nikon ECLIPSE TE2000-U) #4780, 78 ¥ .6 CMFDA 1 FDA fie K & 6K 4 495 nm (465~
495 nm) , ZH IR K 505 nm, XFHRZH B EE S AE (50 1) CHNER 10 min. /E B FET- 40 MO YL KM, 35 A4
THE 20 B0 2 Bk rp M 2 e 2 (8 R OGRS (A 0 AE T M A M AN S Bl rh PR e (o AR &

1.4 REBEXRIHH

THCHE 4 B %5 B R 0.1 mL PR UEAR A T HBOCHE AT 114k, 115
HpEer e o ARYE B3 T A 0L EF b 25 (0 i A0 B (B) 5 oK 25 (0 3 40 B0 CA D T 530 3 40 i B Y 0 30 R
(N
r= B/(A+B)X100%, (D
PG 0, - AR 5 B 37 W0 BT v 3 A A (OO 5 98 037 (L v T ¢ DG 20 LR (D) 15335 4 L ) e £ 0%
(rH
r=D/(C+D)X100%., (2)

1.5 SitoHr
FIF SPSS11.5 B4 65 Yo (0, 3050 X 11 P o 14 Al o G (0 e J328 D e o o) 0] 33047 2 T LR 38 40 BT

2 ZHER510HE

2.1 HEORE

PR 21 R — i R P B A K I P R R BT S T AR AR I 2 W T TP R L AR A R e ) SR
AT A= 0 I i RE L R AE g e R SRR R IS Y . FESh W A i b o PR L B TRV AR AN
BEVE L, A A 240 B v v 20 D) B SR A 0 L S R T P o T R (I P 2 TR O G AL R BT A
A, LRy — R BRSNS Tk ) N T EBOK R T 50 pm (A9 AT
B Wy iE M e

W PELL AL EE T AR 55 T BCE (0 G050 M, EL 1 5 5 Gt €00 50 e J5 0F 38 40 i e (0 A A A RS Wi 368 5 Ik B2
KA 25 368 30 G 000 AR AN S T o 94 B T B 52 W) F8 200 B TG P . RS 5 R SR W AT B8 v A 20 90 e o 4
PEFZWAAN K20 SR T e b P L e X Y G OR (52 R K 1040 P M 2L A AF MR B 1/2 000,1/10 000 FiI
1/50 000 =A™ B Xof b 48 B0 A= (I A9 9 v OB EAT e (0 52 8 . SR A5 SR SR P R LL X AR [ 1) 26 A A
R/NF pH A (7.28~8.89) 3 Bl A ¥ 12 i 48 B A AR B 19 G L ROR (1) FE T f0 9 1 B0 R e b P e £
(8 2), ZHHEMYPERCRERGR 2 Mk 3R, G @ fdi ik Z ) 1/10 000, A R E] ) 30 min,
1/2 00071 1/10 000 Wil BE 2 1A JC . 2 22 57 Ye (I (8] 30 A1 60 min Z W] JG B3 25, X5 Ehara 4
TEPPELLR G 0.2 (A ;55) & T X448 (Micrasterias pinnatifida ) $EA7 16 14 Y 00 58 14 B AE G (4 15 8] (30
min)—E, H5HBHFREE AT 25 .60, Zetsche 5 R Luz SE51 0T 77 45 F o 2 07 L 5 F Br 4G 1 i
7 T A E L3 RV RN 2 IR K SRR U, i PR 2T A G A RO B A R AR BE S 1/50 000, AR SE
6 R VR FE (1/10 0000 I, AR B 8 B 8] (2 h) B B B A5 JE AT T o M A A I 3R K 9 % ol
(Microcystis aeruginosa) Wi M WFIE , 45 R R B, Yo B i AR VR B 1/5 000, S YL (A B (8] 2 15 min, Je (8%
IKF] 980 LA I, X Fh 22 S5 AT BRIl T O A R 2 LR R AR K I AR R SR Y
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Fig.1 The staining effect of 11 strains of living microalgae by neutral red

F2 HHOIREMAEHEIN 11 #HEFHNELCUEZNNSELRER
Table 2 The SNK multiple comparison test results of the neutral red concentration and

staining time in 11 strains of marine microalgae

B4 R rh PR T VR e € 1 ] /min
=R 1/2000%1/10000#1/50000" 1073060"
P EcE 1/2000%1/10000*1/50000* 10730°60°

AN H 22 1/20001/10000%1/50000" 10230"60°
T8 K 3 1/2000%1/10000*1/50000" 10730°60"

[N 1/2000%1/10000%1/50000" 10°30°60°
AR T 1/200071/10000%1/50000% 10230°60°
KRB 1/2000%1/10000%1/50000° 1073060"
TN TR 1/20001/100001/50000* 10730°60"

BN WIPN 1/200071/10000%1/50000* 10230°60°
SR AN 1/2000%1/1000041/50000% 1023060
V2 JE P i 1/20001/10000%1/50000% 10°30°60°

T« 2 8 LR A R T RS B a<<b s AH ) b4 57 1) 32 7% 20 18] - £ B 6 & 3% 2% 52 (P <C0.05)
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Fig.2 The staining effect of 11 strains of dead microalgae by neutral red

R3 AREKREDRELILEE 30 min 3 11 MEFEMENLEHE(Y)

Table 3 The staining efficiency of neutral red in 11 strains of marine microalgae( %)

Y o R
W2 B BE 4
1/2 000 1/10 000 1/50 000

=B TE 98.74+2.54 99.31+1.75 91.23+1.78 0
S IP=Ecr 95.4440.77 98.940.08 91.9240.58 0
/N H 3T 99.1641.63 99.5940.03 92.4642.01 0
RPN F 97.65+1.80 99.93+1.56 78.3841.98 0
NN 97.82+1.65 98.724+1.32 85.68+1.14 0
A IR 98.3040.73 99.1240.87 97.1542.05 0
K IR B 98.9140.78 99.5840.44 97.97+1.26 0
TN R 98.3641.23 98.734-0.90 94.71+£1.73 0
RN ATIDN 99.1041.58 99.6541.66 98.47+1.27 0
&Iy Ll oK 98.9441.51 99.3941.40 97.584+1.13 0
) 1 JE Y 99.7840.77 99.8740.57 98.9940.81 0

2.2 FDA-CMFDA B3 WL &

POE Z LR (FDA) B 352 Rotman Al Papermaser ™ $2 1 (1) . FDA 4 5 A % 5 o fHZ G2 T 9t
T 200 S v A A R S P R Al 20 A 5 A G B, DT 40 M e 901 o B8 T A0 N B R R 22 A A v el T AR R
S VE TG W R 22 L DN M TE G B L B o %5 1 T T 4 E A I P LA A MR AR AR B R SO £
5RO A5 Bl N AR A R ST . CMIFDA J& FDA (19 &0 H 647 2R 9, [l £ 240 il I 35 i
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PR, oA, AN BRI KOCYE . 38 1 Bz i o 7 20 M B TS 4 LSS . CMIEDA o (9 532 I8 4 JE 141 AT 9 il
N ARRR S VEBR B K % A2 il 5 BE 92O R (5-chloromethylfluorescein) 5 5% I B: 920 R 7T & ) 4 8, 75¢
Ot PRI H A7 TN BE A PR 2 7 A B O A T A B SRR A P AR AN 2 b i A e T IR A I b A
HREEN T ARG Y  REE i At B e N . 4 CMFDA fric 4. 286 dE# 82 . 5 FDA M tb. B
A BACE R AN N AR S R B R . BT 3 050 Dy 3 i it v R e L 2 il VR A B A 6 I VE BT AR SO I
W15 T B R, B 1B 3 AT LA M L 98 0 Gl 70 il 4 A o 20 H G0 me , (ol R A M B K R 59, 2 L ARORn
RAREE IR (G- 4 MIER 5) R, Gt (A 5l W O FDA (5 pmol/L) + CMFDA (2.5 pmol/L) , 3¢ {4 5} ] 2
10 min, B (0 3 J8 A G (4 I 0] B9 43 fm X e (0 &R TE 35 P 22 . W T R L (DMSO) 9 FDA Fi
CMFDA 1 5551 5 XU¢ 't Y €0 105 XoF 15 T 0 3 200 JH0 358 A 4900 0 280 07 — 25 2y 28 fl e 497) i R g o R 3
P& Y Ll R A/ D PR ARV D PR R TQER B DL S I R R BEAE PO S TR TSl . AR e T
AP G  AAAT LTS 40 i B, Ty HL AT LAVE RS LS ) A IR A

=M A8 B (P, tricornutum ) . M A B B (C. gracilis) M /N A 22 B % (N. closterium
f. minutissima) ZFhIEFERE PE AR B 2 Fh G Ykl Yo (18] 3a-3c) .2 PR VR 4% 3 A1 6 Fiig v HR os b (o 30 SR B
(] 3d-3k) . i% 45 R 5 Peperzak Al Brussaard™"™ i i3 3 2 240 M AR FAS [) G2 B X5 40 BR 1 e 14 4G ) &% SR —
. BREGAECYSEH pH AR L AT B 23 52 ) FDA S 20 M 1% 4400 a2 45 R A HEaf 1k . AR SCIR BT 45 SR L oK
B FDA Al CMFDA 285604 (51 3 A ke (= M4 48 B 20 40 B AU/ INBT H 228 380 M 55 3R W pHL 1E. 23 51
8.18.8.29 I 8.59. 41 F Al HH LY (0 Y Sl e pH A 193 il 9 (7.28 ~8.89) . IR e Al UFE W B2 iy FDA Al CM-
FDA X e (3R 5 pH ABTE G, 107 7T BE -5 3 Ah 28 031 | 45 3% 10 Joi dk ik 3 B0 v TR il 110 035 M A O

R4 FAREFLLHNLEHET 11 HEENELECREZNHNSELKER
Table 4 The SNK multiple comparison test results on the concentration of Fluorescein diacetate (FDA) and

5-chloromethylfluorescein diacetate (CMFDA) and staining time in 11 strains of marine microalgae

» P (77 2 ‘ N
PP 2R e o i 7]
FDA CMFDA FDA (5 pmol/L) + CMFDA  CMFDA (2.5 pmol/L) + FDA
= A4 B 54104207 2.545410% 2.545410° 5410220° 10230%60*
SRR 5210220 2.5%5%10° 2.525%10% 5810220 10*3060*
W ESiA 54102207 2.5254107 2.525410° 54102207 10430260%
PR 54102208 2.545410% 2.525410° 54104200 10430260%
At FG Eh 5410207 2.5454107 2.575410% 5210220® 10230260°
IR I P P 5410%20% 2.5%5%10° 2.5%5%10° 521020% 10*30%60°
K I HLE B 54102207 2.545410% 2.525410% 54102207 10430260*
/N T 5410220% 2.525410% 2.525410® 5410220% 1023060°
HER WD LR 5210°20° 2.545410° 2.5%5%10° 5210°20° 10%30%60°
a1 5210220° 2.545410% 2.525410" 54102207 10430260%
1) 35 Ji7 PR g 5210220° 2.545410% 2.525410® 54102207 1023060°

T Z 5 AT R AT RS B a<<b A [R) b AR 52 08 32 7 26 ] - 3 B 6 &k 2% 22 52 (P <<0.05)
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Fig.3 The staining effect of 11 strains of microalgae by Fluorescein diacetate (FDA) and
5-chloromethylfluorescein diacetate (CMFDA)
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£S5 AERENRERBSEE 10 min X 11 MEEMENLERER(%)
Table 5 The staining efficiency 11 strains of marine microalgae by Fluorescein diacetate (FDA) and

5-chloromethylfluorescein diacetate (CMFDA) (%)

e a7 1
WPl R FDA (5 ymol/L) ~ CMFDA (2.5 pmol/L) BEA i
FDA CMFDA
+CMFDA +FDA

BV ECEiE 0 0 0 0 0

B PR 0 0 0 0 0
U E SR 0 0 0 0 0

T By K B 95.9042.36 95.2841.83 98.7943.01 97.9141.39 0

L NEE 96.89+1.31 97.6340.98 98.57+1.57 95.28+2.12 0

AR R 97.2242.73 98.2542.39 99.84+1.50 97.4140.98 0

K I HILAE 98.3141.29 98.42+1.31 99.9442.00 97.2141.25 0

TN T 98.1542.65 97.15+1.44 98.2040.75 98.5141.82 0
DR T T L K 99.13+1.09 99.7942.26 99.17+1.65 98.49+2.76 0
B 3530 7 1 K 98.56£2.04 98.16=1.85 99.4741.88 98.4141.75 0

)3 Ji PR g 99.8243.07 99.9242.64 99.1540.85 98.2941.79 0

3 45

AR SCF L (NR) J5-58 L9996 5 = 2 TR g (CMFDA) \ 996 % — Z R 1§ (FDA) = R 4 B0 x5 i fif
FE#EOK HE WL = A T128 9 11 A 10~50 pom BLAH M HCREEAT 1 40 M35 MEAS I L 45 10 LR 4548 .

1) HR P 7 2 00 52 AR S 06 v B AR 18 4 3 Vg FR B PR AR (10~ 50 o) 200 B 35 M A9 e A e B L e e b SR P
Yt e BV L 1/10 000, B A BF[E] 24 30 min, PRt AT DATE Fe 27K Ak 33k A% vb i FH P20 4G 10~50 pm
4V e T R T R 0T ) B L

2) % F FDA FI CMFDA 6 I 3308 40 i (10~50 pem) A8 35 P o 52 B 2 XoF A0 788 200 0 J5 4 52 38 e % e Ay TR T
TP RGN L 7E 5 B MUBE T & Hh Sk 0 5 ' 11 B 20 0 A LA e A PR e JH v R DRI R ) A s e
LA Yo i () e, e (o s8R B R S e B VR E ) 5 pmol/L FDA+2.5 pmol/L CMFDA, 4 {5 i}
] 8 10 min, PAGOEYRI YL 5RO Yok Yt 0 3% 25 vk . R T SR REE ] A0 18 R BB Bl U e ekl
e o, R rT DAFE R 2% K Ak BRG AR vp W FDA AT CMEFDA K 10~50 pom B9 96 7 F 388 1) A& 358 ) 0 ff o
2 B 5 1
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WANG Shuai'?, ZHANG Bo’, ZHAO Xi-long'?, CHENG Ming-jiao"*,
CAO Wei"?, XU Xi-yuan'?, ZHENG Li"*°
(1. Key Laboratory for Marine Bioactive Substances and Modern Analytical Technology ,SOA , Qingdao 266061, China;
2. The First Institute of Oceanography, SOA , Qingdao 266061, China;
3. HeBei Maritime Bureau, Qinhuangdao 066006, Chinaj;
4. College of Marine Life Science s Ocean University of China » Qingdao 266003, China;
5. Laboratory for Marine Ecology and Environmental Science, Qingdao National Laboratory for

Marine Science and Technology, Qingdao 266071, China)

Abstract: To evaluate a rapid and simple technique for determining viability of 11 strains of marine mi-
croalgae (10~50 pm) in the ballast water, three staining dyes (Neutral Red (NR), Fluorescein Diacetate
(FDA) and 5-Chloromethylfluorescein Diacetate (CMFDA)) were applied to the living cells and heat killed
cells of microalgae. The result showed that NR was the best dye for determning the living cells of all ma-
rine microalgae species tested in the study. The optimum staining concentration was 1/10 000, and the
staining time was 30 min. CMFDA, FDA and CMFDA+FDA were also available with short staining time,
obvions staining effect, but limited application in this study, only suitble for cells of Platymonas helgo-
landica var. tsingtaoensis, Dunaliella salina, Prorocentrum donghaiense, Karenia mikimotoi , Proro-
centrum minimum , Alexandrium catenella , Alexandrium tamarense, and Prorocentrum lima. The opti-
mum staining concentration was FDA (5 pmol/L) + CMFDA (2.5 pmol/L), and the staining time was 10
min. Based on the results, NR staining method is more suitable for detecting the microalgae cell viability in
ballast water.

Key words: marine microalgae; viable staining; neutral red; 5-chloromethylfluorescein diacetate; fluores-
cein diacetate; ballast water
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