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22.5% (v/v) 15% (v/v)  7.5% (v/v) PVP
1 0.1 mol/L  HEPES, KOH pH 7.0
1.1 BG-11 , 4 ,
3 40% (m/v) 30% (m/v) 20% (m/v)  10% (m/v)
(FACHB-Collection) 0.22 pm
M. aeruginosa PCC7806 (Millipore, USA) 5 mL
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Fig. 1 A schematic diagram of the treatments with penetrating and non-penetrating CPAs and the 2-step method for cryopreservation
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1.4 Phyto-PAM (PAM, Walz,
FDA(fluorescein diacetate)(Sigma, USA) Germany) PSII
, (Epics Altra, (ETR) : Relative ETR = [(Fmy—
Beckman Coulter, USA) Ft)/Fmy % 0.84 x 0.5 x PAR (/m*s)], Ft  Fm
Jochem!! , FDA(Sigma, USA) PAR (13]
0.03 g/L 400 pL  BG-11 , FDA Arnon!'¥ ,  80% Chl. q,
300 pL, , 25°C Smin : Chl. a (mg/L) = 12.72x A3 — 2.7 xAg45 = 12.19
10min X Ag63
1x10° /mL 15 mW, Abelson Simon"*  Richards Thomp-
488 nm, FDA 505—545 son!'® (1)
nm [12] [17]
, 2 1.6
) 3—4 3 Origin 8.0
2 mL 24h, (Origin Lab Corporation, USA) One-way
ANOVA , P<0.05 ,
, , P<0.01
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Fig.2 Comparison of survival levels of Microcystis aeruginosa cells determined by flow cytometry (FCM) (Example)
A. Cell viability after an optimti cryopreservation treatment; ’B]?.Cell viability after an unfavorable cryopreservation treatment
2 7.5%—15% (v/v) 7.5%—15% (v/v)
, —0.5°C/min -40°C,
21 PCC7806 PCC 7806 (P>0.05),
45% , ,
s 2 PCC7806 ’ 20% ’
FDA ~0.5°C/min ~40°C ~1°C/min
(P<0.05), -40°C, ( 1
, ( 24) -30C -80C
(P>0.05), R —-40°C , -30°C

( 2B)(P<0.05)

(32.05 = 3.92)%, -80°C
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Tab. 1 Survival levels of M. aeruginosa PCC7806 cells frozen to —40°C at cooling rates of —0.5°C/min or —1°C/min
Cryoprotectants Cooling rate Survival levels (%) Survival levels (%)
22.5% 15.11+0.36 19.05+3.50
Methanol 15% 45.48+3.34 41.35+3.06
7.5% 43.88+1.87 13.99+1.51
22.5% 14.32+2.08 9.34+4.39
Me,SO 15% —0.5°C/min 44.32+2.77 —1°C/min 7.71%0.83
7.5% 41.20£0.95 5.50+1.52
22.5% 7.470.60 5.74+1.00
Glycerol 15% 7.04£0.02 5.39+2.70
7.5% 8.77+4.03 4.80+1.48
(19.79 £ 5.76)% 2.4
2.2
, 5%—7.5% (v/v) 5%—7.5% )
v/v) 30%  PVP R i,
—0.5°C/min -40°7C, 5% 30%PVP
, PCC7806 (68.70 £ 2.77)% ,
(65.91 £5.34)% (70.13 £0.95)% (58.69 £2.78)% , PCC7806 FACHB-905
20%(  2) FACHB-942
2.3 (0.0751 £ 0.0902) (0.0714 £ 0.0451) (0.0756 =+
PCC7806 FACHB- 0.0023)/d;
905 FACHB-942 ( 3 (0.0733 + 0.0004) (0.0729 + 0.0082) (0.0751 =+
, 5% 30% PVP , 0.0651)/d
—0.5°C/min -40°C 3
(P>0.05) , ( 4), 5% 30% PVP
FACHB-942 PCC-7806 ,
FACHB- 905 (62.72+£0.15)% (66.3 (ETRmax) PCC7806
+0.65)% (71.69 £0.39)%( 3) FACHB-905 FACHB-942

*2 BABEMIESBEMETETIE PCCT806 HITFEE
Tab. 2 Survival levels of M. aeruginosa PCC7806 cells after addition of a combination of penetrating cryoprotectant (CPA) and

non-penetrating CPA (PVP)

Survival levels (%)

Cryoprotectants Cooling rate
PVP40% PVP30% PVP20% PVP10%
Methanol 7.5% 38.51+1.09 46.95+3.51 25.31+2.06 27.21£1.51
Methanol 5% 30.41+4.39 44.24+0.83 33.26+1.52 27.85+1.01
—1°C/min
Me,SO 7.5% 41.2242.70 37.88+1.48 34.38+2.06 35.50+1.50
Me,SO 5% 43.60+4.39 34.54+0.83 43.13+1.52 41.22+1.00
Methanol 7.5% 50.00+0.36 65.91+5.34 40.61£1.87 27.91+5.85
Methanol 5% 45.56+2.08 68.70+2.77 45.48+0.95 39.65+1.13
—0.5°C/min
Me,SO 7.5% 45.57+2.08 58.69+2.78 45.48+0.95 39.65+1.13
Me,SO 5% 46.17+2.77 70.13+0.95 56.69+1.14 36.52+0.60
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Fig 3  Cell survival levels the 3 strains of M. aeruginosa after a
combination of cellular and mon-penetrating CPA treatments.
A. 7.5% Methanol+30% PVP; B. 5% Methanol+30%

PVP; C. 7.5% Me,SO+30% PVP; D. 5%
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Fig. 4 Comparison of the electron transport rate (ETR) curves in
three strains of M. aeruginosa before and after freezing during the
optimal protocol for cryopreservation
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Fig. 5 Comparison of the ratios of pigments in the 3 strains of M.
aeruginosa before and after cryopreservation. The error bars denote
standard error of the mean
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DEVELOPMENT ON A CRYOPRESERVATION PROTOCOL OF MICROCYSTIS
AERUGINOSA USING PENETRATING AND NON-PENETRATING
CRYOPROTECTANTS

WU Xing-Hua'?, ZHENG Ling-Ling' and SONG Li-Rong'

(1. Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China; 2. Hubei Academy of Enviromental Sciences,
Wuhan 430070, China)

Abstract: Microcystis aeruginosa Kiitz is a freshwater bloom-forming cyanobacterium that is found all over the world.
Owing to their adverse effects on water quality and human health, these blooms in water of reservoirs and recreational
water systems are a cause of great concern, M. aeruginosa became to a popular research object. Previous studies have
revealed significant differences between the physiological parameters and stress responses of individual cells in lab and
wild type colonial of Microcystis in fields. Therefore, to avoid the loss of natural characteristics, an efficient technology
or method would have to be used for preservation of M. aeruginosa. Cryopreservation is a useful method to preserve
cells and organs for a long time in lab. It was thus used on M. aeruginosa in order to keep the physiological characteris-
tics stable at long-term studies. In the present study, cryopreservation of three strains M. aeruginosa (PCC7806,
FACHB-905 and FACHB-942) was accomplished successfully. Combination of three penetrating cryoprotective addi-
tives (CPA) (methanol, dimethylsulphoxide (Me,S0O), glycerol) and non-penetrating polyvinylpyrrolidone (PVP) could
improve viability almost 20% than only using the same penetrating CPA. The optimal protocol of cryopreservation was
screened from CPAs above and four concentrations of each, two cooling rates (—1°C/min and —0.5°C/min), and the
first-step temperature degreed (—30°C, —40°C and —80°C) of traditional two step methods. In addition, cell viability was
determined by performing flow cytometry with fluorescein diacetate (FDA). The results showed that an optimal cooling
protocol was at cooling rate of 0.5C/min to —40C and combination of penetrating CPA (Me,SO, 5%) and
non-penetrating CPA (PVP, 30%). The ratios of viable cells in the FACHB-942, PCC-7806 and FACHB-905 were ap-
proximately (62.72 + 0.15)%, (66.3 + 0.65)%, and (71.69 + 0.39)%, respectively. However, the ratios of viable cells in
these strains were all only about 45%. At this protocol of cryopreservation, physiological parameters of three strains M.
aeruginosa such as PSII, the cells pigments and specific growth rates were analyzed before preservation and after thaw,

results about the comparison showed that M. aeruginosa could keep its physiological characteristics stable.

Key words: Cryopreservation; Microcystis aeruginosa; Cryoprotective additives



