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INE F Z X R 7K F 2275 & K K = A IR R BY 22 i
REE, L A@E ", BRH!, X =5

(I AFERAAFLESMIER, AZEH €K 0140105
2 AEMBENITZAFANZEFI AR IBRAR PO, NFEF @K 014010)

BE WP TUIRE VE 7 5L DA RO I 55 B X5k /K 22 35 (Planktothrix sp.) M HARUE =4 —.- FH 3 57 IR EE (2-MIB) )52
Wi, Ay 1) 220K R 9 A A B TV K AR MEL AR A 7 5 AR (A ST B AR o V7 22 38 e v [0 b 2 Bt K A A= T 0 BTk 7K S o
O3B T U YR (N S S IR E N 15.20.25.30°C , BG-11 8 95 £h i AR AR 23 BN 20%30% 50% - 100% , V¢ 1E
291 000.2 0003 0004 000 Ix. 25 F W, 5 VT 22 38 AR K 2 B L 8 2-MIB AE Jl it 2 i 4 2-MIB 43 5t 5 M) i
5,25 OCHEIF 42 ol B A KRR, e A0 R 25 B AT A 6.04x10° AN/mL, 30 °CJ2: He i B A7 2-MIB IR , 44 2-MIB
AR AL AR 2-MIB 23 WA S 3 5 i » 40 790 3.64x10° ng/L A1 2.78x10° ng/L s HVONE 7 IR IE , 38 K BG-11 5 77 Ehik
JE V7 22 A R PR A 2-MIB AR Bl 2 W 2 L AR B 9% BRI 41 2-MIB 733 e i o A1 v, e BRARIAR 2
7 35 TG R 7 24 AT B AT 2-MIB 433k 5 Y6 HEORHR 22 388 25 K B P LR JsR R 2 /N , 58 06 B AT fig i 2-MIB fifd Mg
T, 4 000 Lx I i 21 2-MIB 43 WA B ids di o /N AR 7K A 7Kl P e it 1 1 3 P 8 7K R SR 7K 5T N K B 1)
B IKIUR PR K B 5 75 R L, W38k 4 5 K AR AN LR B V5 YL AR 1 R A

KR VAL R R R T B R KT R IR

FEHES:Q89 XEAREE:A X ERE:1674-3075(2022)02-0070-07

U AR, Hh R KA B TR H a7, O KR
O K SRR K AR SR 1) R SR Bk 5 | S N
TR E . TR A2 At F R ZKAT b3 3t A7 7E 1) 1]
A, AR H 2R R R H R K A LR I G A 3 BT
2 3 ¥ i £ (Srinivasan & Sorial, 2011) . 2-MIB
2 RG] SR 7K LR A, 36 R B KRR, #5352
TR KM 247 )k 9 (Chen et al, 2011) . B 78 & BA
7K PR VB (IR 22 B U RS P A 11 2-MIB 2 I i
TRAER TR ) F ) 57 (Su et al , 2015)

- 3k B ¥ (2—methylisoborneol , 2-MIB)
A& — P Bl W DL R SR TR AR IR AR R
(Zaitlin & Watson, 2006; Su et al, 2015) » — J5 [fli
N XS 2-MIB MRS, 7K HHARAIRIR B (>10 ng/L)
2—-MIB #f 5 i N 5 8 2] 5 55— 5T 2-MIB AL °F

Wr#s B #7:2020-08-18

BEEW A [H X HRBERE4(21766025); N 5 H 6 X BHEH I
(2020 #F J) s H R 2Bt VG 3 2 67 N A RE 2% 51 3 7 Ja) 06 350 7 4
BV NS R O BT S0 55 AR R 4 4:(2017YQLO3) :
A 52 T R K 2 B 42 (2019QDL-B20); A 521 BVA X HE T, sk
SASRHER S H (NJZY21402)
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PR E AR T AL 2Bk . Watson 45 (2008) fiff 7%
RG] S 3 5 &= KR8 F 1) H ORI K 44 2-MIB ¥5
Yoty £ B EEAR E W5 o Tzaguirre & Taylor (2004) fiff
T T 53 BT 5 85 KA AN K 2 1) A1 Rk = A e
R A SR OO0 5 5 B P A MR A o ) R P A AR K
AR AR IR . AR A (20140 X I BUR 17K A4
;= Az 2—-MIB Ji ERL3EAT A 90 5 I, 7K i 2-MIB 7
SRR LMK, i H I A 1B H
0 BB 55% LA o R R (2019 1 78 K
PRI FE R R 7K U5 Hb 7K A4 B GSM A1 2-MIB 5 2
(IR 5 Gl A 7K R B S 80T

WEEAE N — MG B IR A, & A K AE R
ACUHE AR T PR R PR 2%, [ R4y it 2-MIB (1)
AU A SN R HE VI G W 78 0 AN )
AR IR S5 A T P WRLR A 5 PR R 0 DA B B < B4R
UR i e L b S YR A ST S
W A A Bt A R L 22 TR ) % & (Wang et al,
2011) . JTAER, A 5 3500 R A K SRR ) S5 R AR
() AR A PR 8 R R BEAT T 7T, 40 25 4 R K (2016) 1
TR 2 AR 7K Hb 7R 2 R RN R ) A %
R, 85 IR 2 M /K R B DA I 2-MIB 5 &
AR AL 5 KR R IE A M . Olsen 25 (2016) WF 5 & L,
TS IR AR AT DA ik 0 R AR AR il 2-MIB . H Hif
R [ Yo W P PRI AP FE AT K 22 B v T R 2K B L 7 L) It



2022 455 2 3]

BRAEE FEEENRAFLEE KRR ERRNEH 71

3 73 B AR 25 65k 75 T 5 0 35 {7 A R R ) 5 A
A AR AN ISR ) 5t 2-MIB 2 [ (¥ 9% 22 BLIR T 5T
AN o ARICVEANBTTT 1R 8 Ir shiR B LR
2% A X IR A 22 8 I AR 2 ) 2-MIB [R5
DA g g2 ] 22 DR 9 A A S T K AR IR ) Jo 75
RPETEARSE -

1 #RFG*E

1.1 EMEER

7223 (Planktothrix sp.) %%'5 FACHB—-1372, i #
Lk 252 5 7K 2B 2 Pt 9 BT VR K SR 5 T e B
W, SR 1.5 L BG-11 8597 T 2 L =M 15 7%
Ri 7R 241N :23C.2 000 Ix FEREBRSE (12 h B /12 hitg
FEAIEFR. N T B E A S R 3 h B R
FEIR IR, 438 41 %% 5 2k 3%10° ~5.0x10° 4/mL H Ak
T30 B A I AT S5

2—-MIB Fx i (100 wg/mL, 46 99. 9%) 4 & T
wako 2 7 (FIe kR 24k, H A B FS0H 0 3 — i i
(GC-MS)IH & PEAE B4 Hr /K 2-MIB 5 & .
1.2 LEHE

o S5 3 FH (5 VA AR EE 1 h, RF el e 78 22
IR 2/3 K5 FREE, AT ADENE BG—11 35 - EEAR R I
B RN 3x10°~5.0x10° A~/mL, f& X &2 5L 300 mL #
T, 2N 84~ 500 mL =i, B T EEE R 74
ARSI B TH AN B S5 T AT HE 7

FEYGHBRE 2 000 1x (12 hYGHE/12 h BEH A,
18 B AR B0 B8 (1) BG-11 85 372 58 , BIF 70 5 5 5 V7 22 3
FACHB-1372 4 S WL 520, S8 I FE 437318 15,
20.25.30°C(Kakimoto et al,2014) . H1-T BG-11 ;7%
FETOMLEREG T 89% LA NTHEREN , BT AR FRAE G R
2000 1x (12 h g [E/12 h BBES)25CHAF T, il K H
ali KW BG—11 15773, il 8 M4 F1 73 5093 7 A 20%.
30%:50% 100% & F5 SRR, AUKAR B 8 R UL,
T 908 9% 3R TR P X V7 a2 B AR K S PR IR RS T . JE
1 0002 000-3 0004 000 Ix 4 MYEHEZEZ , (5 F AR
BG-1115773, 75 25 ClEiR 677 2 Py 557 (R 1E
25,2016 O HE BRI 22386 A K S IR 5 o

FIT A S 2H B v s 7 R B35 9 14 d, B3 E)BE 1 d
HURE S W 58 43 A7 V7 22 6 41 B 5% P55 F0 SR 2-MIB &7
&, TR EASE R R 2 A KR DL . N
T8 BURE U BRI R 3o e ot SI2 560 2 PR 52, s 4 52
56 K FH 8 AN RUAS A [F) (1) = A B 7 9, TP 1 d JX
DI AT IR, I HLARL S0 3 VT AT SE B 45 1
P41

1.3 BAmITE

7 22 15 FACHB—1372 1541 2 5] 1 21 it B A2 R
B, 5 T8 81N LN B 1a). SEitk
FH 7 D AL v 3 2 W S A B RE (U AR AR
0.1 mL), 7 BT AN RIS 77 2 A %o e 4 A ARG 52
BARTT3 1 Yo R SI 5 min, [ 8 22 7E R 9%
W51 0 A0, S8 5 PR S 2R BORE 10 mL T 50 mL 2
SOV PR R S A 30 I, A Y88 22 AR 43 Wi AR 4
KR R U100 WL FER T~ AR U EOHE P, in 5 3%
B A BT B8 (Olympus BX53, Japan) 2.4
& b BERR R, 7E 480k T B B B (] 1b), 7E UK
400 15 N AT A PRI EC BT . BEANRE S 3 NPT,
FEFETH BT BUA 50~200 AN (L8 R BE 1 1) » T34
o A A B2 I v, 5 0.9% A B R KMo f5
FHET I (Li et al,2012).

FIGIE i (a), SR E(D)
El1 F£%-1372 2
‘White background (a), Green background (b)
Fig.1 Microscopic photo of Planktothrix

sp. FACHB-1372

1.4 RS

BURERT T R E RSB I 5 min {5223 5] &
7SR5 BB 30 mL T 40 mL 4 RV 206 iR )2 %
FEREH . A 10 mL 78 VKT8 25 11 TR R 75 I R
(150W/40kHz), #8755 s 1% 5 s fii ¥ 10 min A T & 2—
MIB 734, 7341 20 mL R AE A FLAE N 0.45 wm BEFELT
HERDLIE , AR5 B 10 mL SIS T4E 4 2-MIB 7347 .

KT [E A A E (Headspace solid phase micro—
extraction, HS—SPME, 65 mm PDMS/DVB fiber, Supel-
c0,USA)%& GC-MS(7890A-5975C, Agilent, USA), i
SE/HT2-MIB(Watson et al,2000; iz E4%,2015).

2 #R5WH

2.1 BLEREBRGRYESHT

L HS-SPME-GS/MS 5 FH 77 7460 U 43 #t AS [+
SE6 S E N TR 22 38 A IR 2-MIB LR A 15 L %
PO K A 2-MIB 1) 7€ &5 BT 7E 5~1 000 ng/L ¥ &
YA A R M6 &R, % 2-MIB 2 =4 H IR A
2.40 ng/L A F45,2015) . it ide A ()35 S HE
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Fig.2 Determination of 2—-MIB produced
by Planktothrix sp. FACHB-1372

2.2 BREMNZLEBEEKREFRNINT

JEIE A 2 000 Ix, BG—11 B 783 R FiRe i, St &5
R 3. SLITFAHT 2 d TR L A KE R, AN
TELRE R A M 25 5 22 ) AN B R o B8 A R BURE 2 AT
R IDIBE L M 5 FEE 1 DR ELA R 2 PR 2 S 4 HA B
ZE5p . BERI o B SRR 15°C i 958 400 o 196 < 33 1 dt
18, 25 CI B 4 15 77 I8 [A] ZEK (0~ 14 d), 75248 fif 14 K<
JEE B, R e A AR 2 P T 6.04%10° AN/mLe SRR
T EEAN ARG K EL R 25C>30C>20C>15C. 1
I 3b AT LA HY , P s 2-MIB AR R AE 15°C, 14 d
i N TE IR AR L . 559714 d,20 T 2-MIB 42 %
& 2.36%10% ng/L 14 /il 2 4.06%10% ng/L; 25C i &2
2-MIB 1 fiil #1] 1.13%10° ng/L, 30°C i i 2—-MIB K
B, A T 3.64%10% ng/L, N 15T & 2-MIB 4 %
13 5. TR 22 3 2-MIB B R 2R R
M) S 2, 8 v i P55 2 184 035 40 B A i 2-MIB ) RE T

M 3¢ AN [R5 I HELE T 4 i 41 2—MIB 43k 2 (1)
A, 7E 15C.20°CH, 41 i 4h 2—MIB 43 W E i
BEFRIN A A BN e s, Tha s IR A 4 25°CI, 4
14k 2—MIB 73h B L2 1S G N, 4k ST Hi 22 30T, 41
Ah 2=MIB F7 A o (B 3R 3G i FLze = 1 7E 25 TR 3
KA. A 3d A AR B2 28 a4k 2—-MIB F3 0 £
S 2-MIB [ B 4 EE T DAE 75 15C20°CHY, 40
(4R 2—MIB L 3R [ 15 5% i 7] ZE K S E0 e 70
25 CHt,0~8 d NEERI4IARA M 2—MIB 433 & L% 40.3%
HEINE 60.6%0, AR ELAEKEE IR A FHL A 2—-MIB 73l &
EEARTTUE TR, 21 14 d I R %2 30%. 730 CINBEEHE
FRISF 18] (R 7E- KA 4 b 2—MIB 4B LL BT N , 7655
12 KA ik e » ffih 2—MIB ELZIEAF] 81.3%.

ZE B HTIN g , BB I T 2 i T A K R e
Rt 2—-MIB 73 WA W 520 . SR AT 15C
B, VP72 A AR K 218, BIGIR 261 N ARG
F 2-MIB. 43577 i FE Tt = 2] 20Ch, 17 22 % AR K
BRI, X A AE AR R Re R A T 4
PR AR K 5 2205 B Ak 2 T v B 25°C R, 358 40 P 7 R
A K R [ IR I 4 76 20 i P AR B 2-MIB 5 30T
T2 A A AR, (RN AR 2R T K AR
A L) 2-MIB, Ji1 22 5 il A 2 58 4 Ffd 43 9 2—-MIB %]
RSN, FEC R SLIR A R . Giglio % (201 D 7T 44
RILT W 2-MIB (14 5 4R R a & U4
— B PR BRI R O v A AR R a 1A, Rk
2-MIB 73 UL K% =i A AT 40 B AR = 2 1) 2—
MIB B J3 2 40 A 4« Wang 25 (2015) 4] 38 11 4R £ 2
P BE IR B TH K b 2-MIB & B 1K, 5 A SZIG I 5T
ZE AL, Ak, Kakimoto 25 (2014) W 78t 3 B
WA RN P AR Y 2-MIB L R R A R £
T FE T v i B
23 ERHIREMNZFLEEKEFRNEIN

ARSI @ MR BG-11 & 3 3 7 L W0 1 H
TR B X}V 2 B A R PR R IR RS, SR B0 25 RN K 4.
HH &l 4a 7T DUE H B 77 Eh vk B B8 B S B2 e V7 22 33 1A AR
Kl . BRARKH S 7R IR T, v 22 S e KOl
B2 BRA%. 159714 dI,100% BG-11 8 7 & 1FF
IF 225 FE 0N 6.04%10° /M/mL. 8 78 2 BG-11
BRI ECN 50% I, 55 9 4. 93%10° MmL , Fi B
2 30% 1 20% B, #8555 R 2.91x10° Al
1.47x10°AN/mL, J IR B AR A Ji e A TR I 37 22 3~
142 K35 B 1) 81.6%148.2% 1 24.3% , 5 R T B A L
B VR L RN S 2-MIB AR R it 7 5% B VR B 1Y) FRAE T
M. B IR ERFRRIR N 20% B, 5 2—MIB A il 5 f&
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Fig. 3 Effect of temperature on growth and 2—-MIB production of Planktothrix sp. FACHB-1372
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(1) 2-MIB FIT (5 L2 = (W Bl 4d) . o] WL, B 7R EhIk S

8 —o—20%BG-11 @
—o—30% BG-11

. —2—50% BG-11

3 —=—100% BG-11

b

S 3

< &0

2<

g

B
. 0.8
=
o0
Sm g
== 506
=73
mmg
R EE
m o .S
Si%

-
C|\] Lﬁ ot 0.2
=
=2 0.0[

0 2 4 6 8 10 12 14
Bt a)/d
Cultivation time
B4 EFEH

401

(b)

S 2-MIB £ il E/10°ng - L
Total 2-MIB secretion production

P01
80

(d)

70
60
50
40

14k 2-MIB FL%%
Extracellular 2—MIB ratio

30
20

0 2 4 6 8 10 12 14

JEFRI E)/d

Cultivation time

(14 A AR X V7 22 8 200 o A 3ok 2 1 2 e K e e ke
TR P AR R ARG 9% B R B T A v 22 B 2
RO ARG, {H 2 (i 2E L4 A () B 4 2—MIB 4310
2.4 FXBINFLBEERKK IR

A Sl F R R B BG-11 15 9% 3%, 7F 25 CE
TEYEIRES IR N, BEEL T 1 0002 0003 0004 000 Ix
AN HERREEGL, B FL T AN [ o B 5 B ) V7 22 8 A K

1.5

& 2-MIB 4 i #/10°ng - L
Total 2-MIB secretion production

a1 @

fiti4h 2-MIB FL#%%
Extracellular 2—MIB ratio

BEFRI E)/d

Cultivation time

LR EXTZ R E KR IR

Fig. 4 Effect of nutrient concentration on growth and 2—-MIB production of Planktothrix sp. FACHB-1372
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1, G B BE FH 1000 1x TR 3 3 000 1x B, #E40
8K TR R AT G I, 4k 4 1 e R R FE 2 4000 1x
I, FE A BRI B2 I AR BG K , 2 W S5 P ide FH ) 77 22 95
FAAEGIBAT, s B MOG IR 3 000 Ix. X5
FLAE(2016) LA K F R R 55 (2016) (1 78 45 250
O HE R P B M DG SRR A AN [
(1 75 SR A AN [, 8 0 P o R SR T, R At AR K 2
2 FPH| (B FRAEZE,2011) . BB 5b A A, B R
14.d.1 000 Ix YR, 5. 2-MIB Al N 1.08x10° ng/L
B0t B A 4 000 Ix B, & 2-MIB 4 % BN
1.32x10% ng/L, 4 1 000 Ix i [/ 1.3 4% , 3 B 248 e i
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Fig.5 Effect of illumination intensity on growth and 2—MIB production of Planktothrix sp. FACHB-1372
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Effects of Environmental Factors on the Growth and 2—-MIB Production
of Planktothrix sp.

CHENG Jian-guo'?, MA Li-tong'?, ZHAO Wen-yuan', LIU Yun-ying'->

(1. School of Chemistry and Chemical Engineering, Inner Mongolia University of Science and Technology,
Baotou 014010,P.R. China;
2. Inner Mongolia Engineering Research Center of Comprehensive Utilization of Bio—Coal Chemical Industry,
Baotou 014010,P.R. China)

Abstract: Planktothrix sp. is a cyanobacteria species broadly distributed in water bodies across China
and can produce massive blooms under favorable conditions. One of its secondary metabolites, 2—methyl-
isoborneol (2-MIB), dramatically decreases the sensory quality of drinking water because of its strong,
undesirable musty odor. In this study, we investigated the effects of water temperature, nutrient concentra-
tion (BG—11 media) and light intensity on the growth of Planktothrix sp., and the production and extracel-
lular secretion of 2-MIB. The Planktothrix sp. FACHB—1372 used in this study was isolated from Chao-
hu Lake and cultured in medium to the logarithmic phase with a density of 3—5X10° cell/mL. Treatments
included four temperatures (15, 20, 25, 30°C), four BG—11 concentrations (20%, 30%, 50%, 100%) and
four illumination intensities (1000, 2000, 3000, 4000 Ix). All experiments lasted 14 days, and Plankto-
thrix sp. samples were collected every 2 days for determination of cell density and 2-MIB content.
Results show that, under the experimental conditions, temperature had the most largest effect on cell
growth, 2-MIB production and secretion. The optimal growth temperature of Planktothrix sp. was 25C,
yielding a cell density of 6.04x10° cell/mL. Maximum 2—-MIB production (3.64x10? ng/L) and secretion
(2.78%10° ng/L) occurred at 30°C. At the lowest temperature (15C) Planktothrix sp. grew slowly and 2—
MIB production was not detected. Cell growth and total 2-MIB production increased with BG—11 concen-
tration, but secretion of 2-MIB was higher at the low BG—11 concentration, an indication that low nutri-
ent concentration promotes secretion of 2—MIB. Light intensity had the least effect on Planktothrix sp.
growth, but growth did increase with illumination intensity from 1000—3000 Ix. High illumination intensi-
ty also promoted the release of 2—MIB, with secretion reaching the highest level at 4000 Ix. Thus, to
avoid and control Planktothrix sp. blooms and odor problems, we recommend regulating water storage in
reservoirs to minimize water temperature, and transferring water of good quality to small drinking water
reservoirs where eutrophication can be more effectively controlled. This study provides a practical basis
for control and early warning of Planktothrix sp. blooms and the production of undesirable odors.

Key words: Planktothrix sp.; 2—Methylisoborneol (MIB); temperature; nutrient concentration; illumina-

tion intensity



