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Establishment of an isolation method of Nostoc commune cells free from
extracellular polysaccharides (EPS) using Percoll centrifugation
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(2012 4E 7 A 3 H%A44: 2012 4E 8 [ 17 HZBE)

Abstract: The terrestrial cyanobacterium Nostoc commune Vaucher ex Bornet et
Flahault occurs worldwide, including in Japan and Antarctica. N. commune has a large
amount of extracellular polysaccharides (EPS) that hold moisture and protect the cells and
at the same time accumulate light-blocking substances which is believed to play an
important part in adaptation to a severe environment. To evaluate the photoadaptation
processes in N. commune and clarify the role(s) of EPS under ambient environmental
condition at Antarctica, separation of cells from EPS is necessary. High yield is a prereg-
uisite for the use of only small amount of natural N. commune from Antarctica. For this
purpose, we developed a separation method by improving the Percoll density gradient
centrifugation method using an EPS-coated field-grown Nostoc population. We established
the most suitable condition to separate naked cells from EPS at high yield retaining high
photosynthetic activity. The method is composed of centrifugation of cell homogenated
N. commune in 10% (v/v) Percoll to separate cells efficiently from EPS followed by
fractionating centrifugation to remove impurities using the gradient of Percoll (80% and
50%, VIv).
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BRI OB EWNKR E BBEE 2o CTEBT 286 EDO V2L LT, T
MW oA > 2 F 4 (Nostoc commune Vaucher ex Bornet et Flahault) 25415 71Cw % (Ohtani,
1986). A ¥ 7 7 OMMORE Y IZH-1ET S Mlasb L (EPS: extracellular polysaccharides) (&
WM E RO 60% VL L& 5% (Hill et al., 1994, 1997), 7K455 O PRFRRCHEIRREE T DML O PR7E
WCEEEE 2 RI2L, EHICZTITHED D B & F 572D DG - % EFE 9 5 (Proteau
et al.,, 1993; Tamaru et al., 2005). FMD A ¥ 27 7 7L HAD S DTIE, WHART FIVITK
EREPAON, BERBICAEETT A4 27 7 7R, FFICSRINOE e S % % it
L Tw2 (Kosugi et al, 2010). STNSOWHEIXA 7 T 7 BEBOBEIRIZEB W THD K&
SN - FEREREEC R, HH EEINROBCEFORBE TABTETE 5 &) bl d
WEELEHERLZLTWDEEZOND.

Texld, HBOEFARBRICBOOEABAEDE LTEAL, ABRO—EEZH) TEL
R Y N—=T B A 7 77 ONERAEL EPS O EEM %2, AHPFWERTEICLD
WOl T L2 BRL TR #ED T 5. EPS ICH N2 MW E L, N
HINBICHE T 2D MERLH R HEI T 22 R L TH Y, AFERICL o TER
BWPEAT 2720, ZOLENRIBONERAEIIKMEIND LEZEx6ND. A V777
DHBIAR DA AFEE F1 5 729D121%, EPS OBREDE T L. EPS IKitED < BRIk
V37 B MRS A LD PR X 9 ICHFAEL TB Y, ZomIZMIBOSREHII LR TIHEIZS .
EPS ZHU D B Tk LTid, 21 F T Tamaruetal. (2005) 12 & - Tl IS L 72508 %
TANEY— (FLTA47) L UM E ) aRT 2 HEFREShTwS. LiL, 20
TETHEZ LT, £ ORI 4 vy — EICHIaN SR IE-TLE ) 120
A, B TOMROGEERATRETH 572, T, FRERE L CHERTE 28
LNDBHDHREWA ¥ 7 T 705 ARFNERICLERROMZ#H 5 720121%, HIEED
MR HE 2 2 N5 B LB B - 7.

Tx3A 27 7705 HIETHNLZ BBE§ % 729, Percoll 7 BE/2) Bt it U7 B 5 & RS
L7z, Percoll % F v 7295 BE ) Bl Lo o0 BE LML N B B &2 B3 2 BB IC K (flib T B Y
(Gutierrez et al., 1979; Mills and Joy, 1980; Schumacher et al., 1978), #E DHEE=%FIH L 72
SHETH D, Lo T, RESRERN-ETRVABOMILE, HEEOD LMMOY
B oaBEs 5012 b# L2 TH5 (Sharpeetal., 1988). EPS & 1 7 I 7 filad K &
REEAICHEB L, Ml E BEET 288 TOLE UG % ARG S &9 ISE IR T EPS &Ml
ZOrHET B 42 IS ET L 7.
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Fig. 1. Procedure of the separation of extracellular polysaccharaides.
I: grinding the N. commune colony, Il: separation of the suspended cells from the debris of N. commune
colony, I11: homogenization of the debris of N. commune colony by a glass homogenizer, IV: centrifugation
at 7000 x g, 4C for 10 min, V: centrifugation at 7000 x g, 4C for 7 min, VI: centrifugation at 12000 X g,
47 for 15 min. The numbers in the parentheses are the yield of cells based on the amount of Chl a. The
alphabets and the numbers on the side of test-tubes correspond to those in Fig. 2.
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WCRLEA Y7 972K ECTHASREAREEZ M > TTOHEL (K1), 150372 rDF A 0
VAT 2T AN —=TEBL (K1), 7ANVT—DEIFKS72A4 27 F73EHT A
REVFAF—ZHNTISHITT YLK BELRLE7 VY —THEE L (X 1-1).
Wz 4C, 7000xg T 10 0O L, REMR % BV 72 Buffer A (270 2 FHIEE S ¥ Tt
LERATO BEZ S #E D R L, KREVEOKMED Z Y vz (M 1-1V). RIS, L%
Buffer A IZ&& L, % 2 Percoll (GE Healthcare) # #&JEF 10% (viv) & 7% X512z,
Ty rva—%&2flioC, 4C, 7000xg T74HELLE (K1-V)., ZokErbED
Buffer A T L, 80% Percoll & 50% Percoll % 1 : 32D 3R L THE X &7/ 5BH 1

J& L, 12000xg T 15 43303 5 2 & TN S B R 2 Do A H 2 B L7z (K 1-VI).

23. 7007 4 JViBEAE
A7 750ruua7 4 VEEREE, 100% A 7 7 — Vi X ) @A L C Porra et al.
(1989) DFHENEZHWTITo 72, WOLEDOWIEIL UV-2500PC (BH) & V372, A 134T0
HE DU R 665nm DWLETH 5.
Chla (pg/ml) =12.53 X Aggs. (1)

24, BEREFEOAE

77— o BRI R TEM % v T 25C TfT - 72, RS Buffer A (50 mM HEPES-NaOH
(pH7.5)) 2, 5mM NaHCO; Mz 72 b ® % fvy, Spg Chlaiml 27 % & 9 fill % M L 72
StE 1% 1500 mol photons/m®:s & L 7z.

25. IV TIL—IC& B EPS DRt

WA DA ¥ 7 T r IS EPS BB L Tw B 025720, TVI T vy 7IV—IZ
X B EPS DYt LIS B 4T 572, TIVY T ¥ 7IV—1d, pH 2.5 THETE L T £ DORiRR K &
ANVERF D NVIEZ RN R T 2RETH L. BWEDAL V7 575 % ZOFETUET S L
EPS 25 < 4 F % (Hill etal., 1994). Aff7E Tl Tamaru et al. (2005) D FEESEIL, &K
MDA 27 T R MUK TR L2, 033% T VYT Y7 Iv— 8 GX (Fbh), 3% B
ERVATEC 30 M HILIL L, ZOBMATT T WD O F MBI CBIL L7,

26, JOBOEE

HNNT = VICE B BOEEEEHWTEPS DERGTH L7 0 VBEOERZ T 7
(Bowness, 1956; Dische, 1947; Tamaru et al., 2005). 1 [0 SSiZ 1 mg O HEEIL & 0.5mg D
A7 77 HOTENLENI T Y TV ORERETo72. A7 77 Tid Img LT 5
EWOGEE Ago B3 2 BB R 72720, HEEHIIR X D PR TRIGE T o072, 4 ¥ 7 7713 ARIZ
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BEL-IRETEY T 2 v 7 B2 3V (CM-45GT, Kyocera) 12X D 23 #—IRI2$ D iE L, 1mg/ml
&% % X9 Buffer A 2Nz, HBEHILIZSAEZE: L2 b 0% 2mgiml & 72 % X 9 Buffer A 21
ZATCENENIA 70 F 2= THRY 2NV TH—IZ 2 REICTE L. BEE% 05ml
FOoMBN XMLT 5 ZARBE ISR L, KRG LD S EME (FE 6% % 3mliiz TR
VT 7 ZATHRAL, Wbl L7882 20 25 MBI T EPS Z MK HMLIR L7z PUGE & %
MIZFR L7, 5ERIT A 2 MEL, 100p O VXY — VBT (0.1% (whwt) v
NV =), 95% T ) —)V) HMZEMT 2 REHERE LT A ZllE L, WOLE OMNE %
HHB L varyBoEsid, 10-100ug/ml OEED D-(+)-7 vz a /57 b ¥ THRER
L CTo 72, COERECTOIVI T 527 vy OBMERRIE 5pug/ml TH - 7z,

3. MREEZ

WK L7242 27 775 2K CTT DTN EANTES, THICTDHLTTE L7221
REHEDOBIHAFES BV E DL (ML), 74 0V7 —TClBTE LR o kiEE 7T A
FEVFAF—TELITVETIETIEROM EZK 72 (K1 1), &S 7 4 V57—
FASH o 7o 3 R I (wiw) TE AR D 7.2% (£1.4%) TH o 72, 8% 4T, 7000 x g
TL10 0T 5 L, Mifed EPS I3ILICIE L7z X 91 272 (K 10 1V). (L% Buffer A
WCHEE W THEE L, 7000xg T 10 4503 2 #0E4% 5 [ D & L CRIEME D FHEY
2 Bz, Zofk, Buffer A IZIEE L 720 7312 Percoll % 10% (viv) & 72 % X 9 IZ{R
A L7z (K1:A). Percoll Z W TEPS Z B9 20K A >~ M, MREEEE T51CH
WL, EPS ORitEZ M2 THIRAZBIHISER T THILTHS. MEOHEE LTHWS
NTWw2 X912 Percoll I2FEH A 1 LT 9 % &, Percoll 12359 % 5B O RFE A 12
%hHIOEPSICHALE NI N WIS Z 5. 22T, Percoll ®iE NS X 5
AEBACHEEENE N TH 5. Percoll &4 ¥ 7 5 7 BB RO S —IZRETHELT
% Z & T, Percoll DA BLIZ A > TIREEEED EPS (X R ~, RHEEOMNBIET i~
EEEEND XL (K2: A B). BLHTOMINEO A EA120.8ug Chl a/mI FEEE & L 72,

Z O T EPS A ORI AR E L &N h o272 (K3:B-2), X51280%
& 50% D Percoll 12 1 LT bl s 522 LT (M1 VD), Ao wmicbing
P IrMBERINT A LR TES (K2:C, D). K20 AL B3 10% Percoll (2 & % 3l
SR BZOBLEDOGTETH L., TOL XD LG L IRk EMSECHELb 0N 3
D B-1& B-27T, RREESICIEA 7 77 MIBIZIETEAEEEN TR o275, HEIZIE
437 7 OFBERMBOIEZPIIHKENAT P AI Ve BbNbt#EE D - 72 EPS A%
A7 I FBEICRIEL Q0 b o H R o AW e EHBIZE Sz 2okl % 80% &
50% Percoll 12 X > TESITHER T L2 T, ThOAMMMEITITBRET LI TEL (X
3 D-4). Fiz, WKREMTHLA L7 IO DI EPS DR EN RN EET VYT
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WS, 4 DDA T 7 T RIS
Fig. 2. Each step of Percoll centrifugation to purify cells from N. commune colony.
(A) N. commune homogenate in the 10% Percoll solution. (B) Fractions after centrifugation at 7000
% g for 5 min. The cell fraction (band 2; Fig. 3-B-2) was separated from the EPS fraction (band 1;
Fig. 3-B-1). (C) Cell fraction from B-2 on the top of two phase Percoll (80% and 50%). (D) Purified
cell fraction (band 4) separated from impurity (band 3) after centrifugation at 12,000 X g for 15 min.

3 Percoll |2 & % jat 03 Bl M FE o BN Bl 52 5 L.
B-1: Xl 2B OMfas LD Wisr, B-2: X 2B DLk, D-3: X 2D & FJFi5,
D-4: [X1 2D O FJ& W55
Fig. 3. Microscopic observation of fractions obtained at each step in the Percoll centrifugation
process. B-1 and B-2 correspond to the fractions of Fig. 2-B-1 and -2, respectively.
D-3 and D-4 correspond to Fig. 2-D-3 and -4 fractions, respectively.
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TNV X o THERR L 72, EPS DR L @ mICEHIi§ 5720, ANy — VR4
FIG#EIZE ) EPSOER S TH D7 u VO ER % 1T - 72 (Bowness, 1956; Dische, 1947;
Tamaru et al., 2005). Filg CHIKRS SIS, WY 7V e bz 2B L7 MERIER
CHWzyu yBorvra /) 57 v VEKRTIR ORISR 5 o770, KL T
WAHREER T I VAL L2 0 LEZLNS. MEREH VTV B 52 b UICik
HLvayBORELX 227 55 Tid216+x16ug/mg (dry wt), HEEHIE Tl 22£2.0ng/
mg (drywt) &7 0,90% 35 D EPS ARESINT WAL I EAVRBENT:. BB, H ANV —
MZE B RMIEY B VBT TRLOETHER ETOETRIY, fle LT/ Va—ReFT
7 h=AFTu YO 1050 1 FREDE VBRI EZ RS (Bowness, 1956). EPS DIk
ERTZ D LzmicEd 4 5 2 & (Helm et al., 2000), MIFAPIIC @ ICHEAAEAES 5 &
EZoNLIEns, vuryBogis LTS oA +T5TH 405, EPS DRED
MEEZMHRT I TH BRI R EE2O6N5.

W ER 059 DA ¥ 7 7V RAD S O BEHREZ ML LT3 AT, a7 4 )bad
WCTHMFETL22 L0, TOTFRICI2MBOIELRKD: (K1), THELATOTA
DA 27 T P REREIRE L7202 & o THIEEEAS R 2 ), F72, —2ORENIZB VT
b EPS HITHTE T ZMINBOTES—H TR, 70874 VEFRICKELENRDOLND
DPEBETH 5720, WERMNEDIzODY—LB B2/ I EFHL o7z, 22T, §
BLBRICTZA VY — BB LERO 7 00 7 4 Vi EIEBRREORERYS, THELAO
ranaz 4 vieEEHRE L. 427 95 HEE T DL T 4 vy — Tl L - BEiEHh o
ryuau7 4 VEg 100% & LCEHET 2 L, PG 397 (£72) % Th o7z 74 V¥ — FITHk
FLA 7 2P RRIRZERICLT, DB LEOMED 72(£14) % (Www) ThH o7z, T
DELATOA 27 75 ko7 un 7 4 Vviw 100% & LCatHd5 &, IEEIE368(+63) %
THotz. hERN-Yoraa 7 1 VElE, £ 27 57 #4KC0.28 (£0.06) ug Chl a/mg,
TR AL b T 3.36 (£0.13) ug Chlalmg Tdh o 72. 4 ¥ 7 5 7 BEE TR E RIS,
D% EPS DHEIEGNREVD 70T 7 4 VIREIFKWAS, EPS ORI X1 i HulEl iz
DB T 4 VREDPEHL Bo72bDTHD. TVELEOA ¥ 7 T 7 BR & RO
BRI ZBEEMICL > THE L&A, £ ¥ 27 57 BKIE 154.4 (+25.7) umoles O,/mg
Chl a/h, BiEEf 1 133.4 (£23.1) umoles O,/mg Chl ath T, HiBERT D 86% F2IE DIGTEARER X
M7z, Tamaru et al. (2005) 75k Tl3 HIHER OMRFEIEAG IS HIBERT D 73% TH L DT,
WEEBRERT 2 OISO R IZIFIZR% TH - 72,

LHHWA V7 AR ERN-) O 7aa 7 4 Viid, Tamaruet al. (2005) Off X
VRN DDTH o7z, BEOTHEERE LTEFT LY 7 /N7 7Y TIHRE S N FHR
BHESMOENICE T, MM ) 02007 4V aDRAIELT S EHEIhTW
% (Bowker et al., 2002, Lakatos et al., 2001). Bowker etal. (2002) &, ¥ 7 /N7 5V T #4
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K1 HBERSgDOA 7 ITNLEPS # AT ABBICBITS 7007 4 ViED
ZAbs L O
Table 1. The yields of Chl a during the process of cell purification from 0.5 g of Nostoc commune colony.

a WREE RSO O
ruan’ Ve

IR (%)P 1= ov %
(ug Chl a)
(ug Chl a /mg dw)
AT T TR
146.82 (£25.20) 100.0 0.28 (£0.06)
Nostoc colony
7 4 Z Rt
127.25 (+32.89) 92.8(£1.3) 0.28 (£0.06)
After filtration
10% Percoll & L2/l
Before separation by 10% 118.77 (£23.15) 81.0(*£10.4) no data
Percoll
10% Percoll & L%
After separation by 10% 82.28 (£10.32) 57.2(*12.8) no data
Percoll
B4 B EEAAR
53.97 (£11.95) 36.8 (¥6.3) 336 (+0.13)

Final purified cells

£100% A &/ =Tz a7 4 Vot 24T, 665nm TOYSLEIIC L ) 7 oo 7 4
Vi E RO 7.

SRR R 100% & LT, BHEBAROZ D07 0 VRS SEHE L.

CHBBORR T/ U T 4 Ve #Eo il 74 VS — BB OB E RIS &
LHT O A S B IR DR B i 2 5|\ TR 7.

#Chlorophyll contents: Chlorophyll a was extracted using 100% methanol, and the Chl a
amounts were calculated using the absorbance at 665 nm.

®Yields (%): These were estimated based on the amount of Chl a at each purification step.

“The chlorophyll contents per dry weight: The dry weight of filtrate was estimated as: (dry
weight of Nostoc colony before grind) — (dry weight of filtration residue).

ORfab7=Y Dz aa 7 4 )V a DEFEIFEPHRITHITT2/HEILERY, 2o LEE
BAEBREICL > THLEBHTLILEZRLTWS. LzA-> T, AL EifED 7 oo
74 VEDEIRE L ZAEFRREOEVICHRT 250 TH ), WEBEOGBRER Y1) O
0074 VOEEINEREE R o7z01d, HEETHEOBEWIZE DO TII RV LSS
n5.
LSHIOMEERZGEN L, MBICEFT T4 27 57 0N & BIsEREE T EPS 2%
RZL T RHOBEEEZHSPICL TV FETH 5.

RIFFE D — R FE S ARMIFZEIT 70 Y = 2 b FgE [BRESZ B3 2 AR A Wy oo A RERY G
BT AW, B L OHARPNIRBAF AR Dk HE (Whoe i d 5 24770030)
WX rbni-.
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