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Abstract

Using Microcystis in Hunan Province during cyanobacterial blooms as raw materials, four micro-
cystins (MCs) extraction methods (5% acetic acid method, boiling method, grinding method and
freeze-thaw method) were compared in order to find the most efficient one. The concentrations of
MCs were measured by high performance liquid chromatography (HPLC). The concentrations of
three MCs (MC-RR, MC-YR and MC-LR, the same below) obtained from 5% acetic acid extraction
were 0.73 £ 0.03, 0.43 + 0.04 and 0.85 % 0.06 pg/mL. The concentrations of three MCs obtained by
boiling method were 0.97 £ 0.03, 0.76 + 0.12 and 0.77 * 0.03 pg/mL. The concentrations of three
MCs obtained by grinding method were 1.07 + 0.02, 0.46 * 0.09 and 1.17 * 0.22 pg/mL. The con-
centrations of three MCs obtained by freeze-thaw method were 1.20 * 0.15, 0.93 + 0.01 and 1.83 +
0.17 pg/mL. The total concentrations of MCs obtained by the four methods were 2.01 + 0.01
pg/mL, 2.49 + 0.06 pg/mL, 2.7 + 0.07 pg/mL and 3.96 * 0.31 pg/mL. Therefore, the highest MCs
extraction efficiency method is freeze-thaw method, which can obtain more MCs than grinding
method, boiling method and 5% acetic acid extraction.
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W =
FHBEEEEERMAKERE —CENMER, FE5%KZERIER. HBGE, FrELE, REHMY
PR —MRREENESRIRIUE. FRAERAKEKEHMERENER, BRI
T5%IKCTRZEE. VAT, BB AT R B VRt DU A SR BT A A R R RBE, ARER
MHABEMHPLOWEESRERE. 5% K ZBERRBH=FHEFE(MC-RR. MC-YR. MC-LR)KRE 4
HIA: 0.73 £0.03. 0.43 +0.04. 0.85+ 0.06 pg/mL; EFMERBH=FMBEIZRERELFIN: 097
0.03. 0.76 +0.12. 0.77 + 0.03 ng/mL, BFEAERBHI=FIESRRESFIAN: 1.07 £0.02. 0.46 +
0.09. 1.17 +£0.22 pg/mL, REGRRBH=FEBRRESHN: 1.20£0.15, 0.93+£0.01. 1.83 +
0.17 pg/mL, VOFJ5EERER R BIRE S H82.01 £ 0.01 pg/mL. 2.49 £ 0.06 pg/mL. 2.7 £ 0.07
pg/mL. 3.96 +0.31 pg/mL. Hit, 4MEFBRRITENBEHBIMERKKAIRE HEL. TFELE.
AL 5% 0K Z R B .

XK ia
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1. 5|

B RARAKIRMS S H M, 5 IR KR i HOK RN 2 R AT R T BERIWfE#E[1], 2007
£ 5 H 29 H R HKEMRK, S8 T LEHT 200 2 75 & R UOKENL, 4TI m#RE R
SO WK SR E A E L — R I E R R4, B A N R MR R
(Microcystins, MCs) & — M B L35 2 KA d MMy, HAEGRENIEHREIER2] [3] [4] [5].
BEERoMAE RN L. SR BRI K, 5a nTE I KA A W IR N AR, AT
XoF NSk e SR AU [2] . 1996 41, ELP4 100 2 4 BB RAEER R R #FHEW, 7 MHWNED 50
NI TR R AR SN, BRI AME: S 4 kAR e 5 R b B R[6], R KK R i g 2
PERE R TG Y OO AR I A S AR W 7]

FEEE B KA R G000 A 5 LA JOGE A A 11 J P o8 43 B RO [ P A0k 2 B2 AT AL+ s, [
W AE T P T 5 75 FAF O U R T U, X (ol V8 53 2 400 1 75 SR R RO [8] [9], LRl 3 8 5 2 1E
D, RN AR ROSAA L, RIS EB . S AR[10], 10 BB KL AE FH 25 A K
W, PRI R AT R B R R BT AR TR R, 124 N1k, EARPUL 100 KR MRS RS
¥k, HA Ll MC-LR. MC-RR. MC-YR # y¥if[11]. 1982 4 Botes Z5[12]56WF 5 1 MCs HIHREUT
2, B4 E NS CHRE R EUTVE F B R S RBREL7]. 5%0K LRRIRBUA[13]. R I A SR EL6]
[14]. $EEEFRER[1S) M K HE[16] 3R AN S, 217K T8 T 40% H VA 2B, JHBAZEY 1 h,
ITEL S 7K HE W5 8 PR E H E /0 1260 pg /g 9 MC-RR A1 840 pg/g ) MC-LR; 42525 [15] ] 60% FF K5 fF
J% 90 min J&5 (T HR TR I3 1) 300 pglg 1 MC-LR. A< S8 LR AR/ A 3 T35 R e e v S5Ok, AT
FTUKCTRAEL, BB AREE 25 b Ab 38 DA K% J 53 VR R A B A5 B R 35 K AR DU V6, MR . &
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BRSO S AR DL R R e e T S A U R, RO R R S ARG R R ik ik
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2. ¥ E55/&%

2.1, SCIG{Y3§

TDZ5-WS & X2 & 3 3 i 5 OALK D NAER IR A BR A 7)), DY89-11 B B B 3 ST K HL(T
WoH Z EVIRER A G R A ]), TGL-205 A & 20 m il A% 2 DAL 707 MR R A BR A 7)), GC-2091
UK JTHLRE, KQ-500E ZUHd i s e gs (RIS R S A PR A ), LC-20A B = R0l AH i A (5
HEAAE (P E)ERAF).

2.2. SCIEHHRL SR

FARIKAR TP IR K AR BE 5 2 T 2015 4F 8 H R HWI /4 3 & '8 F K1k (112°57'4"N, 28°11'6"E),
MC-RR. MC-YR J MC-LR FIARifE S (215 > 95%)0 H Alexis A7 .

2.3. EWFE
L HERIRKAAIT VS A, IR i ek 4 i B B, JE 1100 mL, 73 554 5%0K 2%

R WHEEALER, PBACHE . REFRZRBIMBER SR, rarEmis Ao B A-TT4l, FRE
BT AT L SE 50 2 A AR TR o

2.3.1. W FEE
1) VKZFERFEEL: BY 50 mL T FE e dg B T 508 %, N 5%RIUK LR VAR, 58 24 h 79 v ;

2) WHEEALEE: HU50 mL fFEEE IR B T .08 T, 8 s B S LG FEF 9 1000 r/min) 43 il
WHEE 5. 10 15 min AbFE, CRAUFRROFE & AR 7E S0 TR T[] N BIF S 70 23« R AT R A 8 2 3% MRHER: (135 41
JL AR TR oK s

3) HPRALFE: ¥ 50 mL TR EER A ARG 4 6 5 10, 15 min AbFE, EFBES AW REDT Ik
i, ZWEFFAHEEEGET 50 mL 2.0,

4) REVRER: B 50 mL BRI AE-20° CUKAE AR 4 h UL L, T ERMRYR, F LR BT EURE i
AR E R 1. 20 3. 4 K.

2.3.2. BR#EF5E

FERRRIEIUR P A KR LA A VLAY, X LT (A7 E R B R PR I A A IR R FHE R,
IS VA A A AR EURE 2 /T 22 B, WOk 58 i IR BT A 5 IR 2 S ISR BGRAR S 25402 (3800 r/min, 15 min), BX I
TH, VAT pH = 3 (LFREME M) [8], #E 3/NLLE, MHAS RN, A ZURYTE R EE
AEFRJE AR SN B, AT pH 2 AR AN I E), PR ES00(3800 r/min, 15 min) & FRTTTE; B
iEW AT pH = 8.5, REBREA, JEEE 3NN LRI R, AR G ZORTIE, FREE
(3800 r/min, 15 min) &Y AT 75 21 i 23 KR 4 B 1 R € 3R R SR 25 UM, LR K BT BE 5 pH R 2 7 (8],
FE LN, BUL mL mE R, W IS 100 L B A SRR T, H HPLC 3460 i A B S Ik
JZ,

2.3.3. HPLC &
VA . HaAiK: =58 = 57:43:0.05; JiiE: 0.8 mL/min; HEIEFERRIAE: 20 pL; &
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K 238 nm.
3. &ER57He
3.1. MCs i

KM E B RORAR % 43 BT MCs FrfEfh, =R A g IE5E )57 8 MC-RR. MC-YR.
MC-LR, HAREANAIZ) 7.961, 13.964. 22.054 min (14 1), AHEFCHEELH) = Flib 5905 brdE 5 22 B i
R —S(1% 2), HIHFE 238 nm HA BRI, TR EIRE AR AR, PR T B MK
UL St MCs,  FERRTE R B I [B) 5 2 /KRR ) = Fh i #8 MC-RR. MC-YR. MC-LR. XH]
HMFREE B, IRIOTEAR, PriEER S s A E .

3.2. 5%k Z B ZE BVAL IR

5%UK £ BR A HUEIRAS 1) = Fh e 85 IR (K XN MC-RR.MC-YR.MC-LR, T [f])4) 7/ 0.73 £ 0.03+
0.43+0.04, 0.85+0.06 pg/mL. H I, A [FIVAFE I RS VA2 ATl 388 v 44 o v i i 7 2 I FH o iy 7 ki
A LA, Hr 50%~80% 1) F B N N2 MC 5 2R IGRI[6], H S [171 2 KT 5T R 1 40%
(1) HR i B AT D s 2 I FR U MC-RR R MC-LR, 4k 21 T vy B B vk 52 s i A 2 BV HH MC 9<% T % . Nlina
[18]&HIMF LK, /K. 5%IKZHER. 70%H FEFT 100% H FE{F AL EUGTIHEEL MC-RR FIZCEM A . L0
[8]55 41 , 5%IK LRI ANIE LA $235 v] LU GE A i h 2 HUCSE 2 (1) MC-RR A1 MC-LR, 40% 42 UK
H MC PRI B2 L 80% FH IV R AN 100% FH VA MR IR 51, H 40% FF I M ARl /K A i 3 v 4 i mh 42 B MC-RR
FMC-LR HREWIZAL T 5%IK RIS RAE LM AW, BEIR 5%IK LA B BUS AL T
HoAb 773, (HILIRHURAERT L, HARYE 208155 B FUdRkiE,  FEEUS Al 42 HI7E 120 min iy, g &K
BB () T BE 52 MC-LR B9FaE M, Bin/el MC-LR HIA8 5, Xt Al A 2 i A S 0 4R B RCR R A

JRRZ —
mV,
)]
S5 MC-YR
©
>
[«
1%]
c 39
o
% ]
8] MC-RR MC-LR
i
£
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Figure 1. HPLC profiles of standard MCs
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Figure 2. HPLC profiles of extracts
B 2. $REW4 HPLC %
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3.3. WHEAE

Wil 3 fiow, WHES 5 min SRIF 1) = FPEEEE R IR /378 : 1.05 £ 0.01. 0.43 +£0.04. 1.03 £ 0.06 pg/mL,
WFEE 10 min K730 =R 55 KIKIZ /2 BN: 1.07 £0.02. 0.46 +0.09. 1.17 +0.22 pg/mL, HFEE 15 min 3k
BRI =REEERRE 5N, 1144013, 0.37+0.02. 1.13 +0.12 pg/mL. BFBE AL FR i) iR 23 2 5l 5h 3
SIS B )y A5 5 20 M e e AT R EE ML P R R 3R, BT D BB BE T (R385, 400 BB A o 7 4
R RIRE I, AW ATE R AL FORAR A T A, ARAESRIG A5 R, A A s B
MU EEZ) 10 min A]3R1S R KRB R (14 3), i 10 min 5, MC-LR F1 MC-YR K& & A AT K.

3.4. ERAbIE

FBVEACTE 5 min SRIGH =B RIRE 2 58: 0.97 £0.03, 0.76 £0.12. 0.77 £0.03 pg/mL, # i
10 min FREA =FhE R RIKE N: 0.74 £0.05. 0.88+0.12. 0.63 +0.10 pg/mL, & 15 min 3545 =F
FERWE PN 0.84+0.09. 0.88+0.08. 0.66+0.02 ng/mL. HTIFOREEH FIMIE LR XM FREEE, I
PSP IR I EE M, BRI AR R b /K (e B0 7 55 D7 VAR SR U (I B 27 35 [16] [19], (HRHR
TR VR R BT VE MR EL A . SK4E R [19]4F I sE it i 7oA. A SIERIIREAIRUR, 45 BRI
FRAR AT DAGH BT F (], EDG PR B R TG 2 35 R, R P A IR P R R S R AR E R
ARSEEGSE R, BEIG EEE R A A O] AR A M R SO R R, HLR R BT (K 2908 5 min,
Ik 5 min 5 FTIREUE R RS RAGE T REE(E 4), B2 RAE 2R ZE(ELkhs), mH&
TR AL 2 B0 M N i 22 B R, WINRR AR TAE R, HIREL R A B R[20] [21], FIRE4 G 4R4iik
LI SEE/ SR 7

3.5, REFRAE

YRRl 1 VSR AR =R S R E S BN, 072 £ 012, 0.79 £ 0.02. 1.61 + 0.02 pg/mL, Jx &%k 2
VRIS H) = Fhie 2 KW 20 )~ : 0.80 £0.17. 0.97 £0.03. 1.78 £ 0.05 ug/mL, R E AL 3 RS 1) ¥ &
EWEN: 1.20£0.15, 0.93+0.01. 1.83+0.17 pg/mL, SERR: 4 KF3kE S RIKEN: 0.82+0.30,
0.96 + 0.04. 1.93 £ 0.06 pg/mL (4] 5). ASLIGLERK, VRAMEAEDT 3 kI, B GRELRESE N, B
PR R R TN, HAEE 3 ke, BREIMESRRERTRE.

AT T VORI R IR R IR, REVEN TR IUSCR S A F (B 6). 5%IK LR A H SR

16 r
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Figure 3. Concentrations of MCs extracted by grinding method
B 3. B EREUESRAVRE
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Figure 4. Concentrations of MCs extracted by boiling method
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Figure 5. Concentrations of MCs extracted by freeze-thaw 4 times
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Figure 6. Concentrations of MCs extracted by different methods
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Table 1. The comparison of four extraction methods
= 1. 4 MREN A SERIXTEE

sk MO FWER epnem  smprm o i i
(ng/mL)
A — S BRI AN A 1,

e ! i BRI

AT 2492006 % B SR RSN MC BRAFITRE 14 1552,

Py s
WEAR 274007 ko ESEHSEN B RN K
S 396+031 % RS N FRALFEN K

B =R 2R 5 : 0.73+0.03. 0.43+0.04. 0.85+0.06 pg/mL; EHACFRRALA A 5 min, 3k
=R R RN 0.97 £0.03. 0.76 £0.12. 0.77 +0.03 ug/mL; HFEE LB E AT A /& 10 min, 3
SRR ZORE 2 B : 1.07 £0.02. 0.46 £0.09. 1.17+0.22 pg/mL; SR 3 IRIRAF 4 55 ZIKE N
1.20+0.15, 0.93+0.01. 1.83+0.17 pg/mL, XL 57 F L T AR FFRPUT A ER R IFE . B
MR ) S M AN [T B, BRIk A, s h SRR R S E L 5 R HhIg KoK R A
INHIA) A 2[20] 0 AHIF NS S AMREUT AT T XL (6 1), SaehrilE, ik 1 W%, 4 FRBOT s
FAFANI], F S A O] FH N R AN PR A b AR EE RN S SR R T B T ORI R R R AR, (H
BB RR, HIRER RIZ TS A AR G T a8 s 4. aifh, SO R A S,
5%IK CFRABUE TR /ANERIREE AT, (HAENAERIEH — e R T SLi ) 4.

Lehman [22] (I 7t K IR 5 0k b e A2 2E 40 B BE A 2, 525 [6] I FE AR S B2 VR R R N 2 9 v =
Tt MCs # St OB EURCR , S W8 IR AU R0 ik 2 —, ARSI S R Al A58 31 7 35 3R BUSUER
bRtz Ab, ASZIGTERT NI 7S AR T SRR, JRERT TR R PRI . A
RIPVRRL 3 KEBCNIEE, B TR EIRIUSR 24, RE AT AR s —— 5 HLEFRIZE )
PR AL, REGRAT LA A VAR BON B, T8 SE30 0, MiRiE D g, R
TAHNEFRAEN R SRR R0 SERIAMIER T, REGREE R KR T 5B 2
IS Yy, FTSHEES 3 2 T B /0 [20] [21]; R B A B A SR B0 BN R TR iy, (R LR A B AN
EH T RGBT R, FUTEAT Rt i 8 R U, AHEFER M. 25 AT, ABHFIAH,
RS S R R AR BGRES R A E m A WidE. 24, IRRMM A, Hsemtesm, ERtE, B
KRR, (BTRERN AR, difh50 5,

4. g

(—) AHFFCRENMIRE B B B IR G E AL FR: 112°57'4"N, 28°11'6"E) M i i & T 3 5
# % MC-LR. MC-RR f1 MC-YR;

(=) ABHFLH, [ URRE (3 ) FE G RE 3 R e, WS AR B (10 min) A& AR B (5 min) ik Z,
5%UK LERZEHURBUN R MRS R E R D . ik, REGEE TS SRIE S R RAIERN k2
—, A[SCEUERIUSCR ), JOEE. TR AT, N 4V R R A B T SR
& H

R H IR R R SRR H (201610533523, 201710533329, ZY20170939); g4 H AR Rl 4E 3L
4>(2016313166); H [F 18 - Ji5 Bl 2 3 45 51 9% B(2016T90766); 18+ 5 Al 23 4 1H_F 19 H (2015M572273).
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