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Isolation and Identification of a Microalga, SY-4, and Characteristics of the Autotrophic
Culture. '
Kenji Sakamoto, Eiji Okimasu and Akinori Amemura
(Research Institute of Marine Bioresources, Fukuyama University, Ohama-cho, Inno-
shima, Hiroshima 722-21, Japan)
Report Res. Inst. Marine Bioresources, Fukuyama Univ., No.5, 1-15 (1994).

A microalga, SY-4, capable of growing well at 35 °C was isolated from the Mekari
Strait, Seto inland sea. SY-4 was characteristic of procaryote and unicellular spherocyte
( 4-5 um in diameter) containing phycobiliprotein, and was classified into a blue-green
‘alga (cyanobacterium), Synechocystis. SY-4 grew autotrophically and utilized ammonium
sulfate more efficiently than sodium nitrate. Its optimum temperature, salinity and pH
for growth were 25°C, 10% and 7, respectively.
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SY-4D 43 % .

HEOILRIMNET ANEFELABERELD, Y50 7b 2y PCOZ 18 cm, ¢75um )
ZRENT MEXOEKEFR U, BEHICERUCHEAREZ 6100 un RNTo20unm DXy a
TEBEL, BEHICANKREEEL, T 500 n]l FHRO 75X NHBL T8 (HE
HEEEH ) 100 ml (CEBEENSEMZ, 35°C,100 rpm, 3000 lux - 14 h/dayTHe & 5 B5E 44T
ofio .

RREBTHE, BENIIHEMLCEXAEFTEOMERELERERECHEH—ao0=— L LTHEE
U, SY-4 &&ffiti,

E AR (mg/ £ #EK ) NaNOs, 70; KH.POs, 4.5; Na-EDTA, 3.3; Fe(NHs). - 6H»0,
3.5; KNOs, 72.2; Na,Si0s, 50; Clewat 32, 19; Vitamin B,
0.1; Biotin, 0.005; Vitamin B;,, 0.001; Na.-glycerophos-
phate, 25

BimEE

SY-4% 1 YOV/V) k=Y U CEEL, BO45# (3000 rpm, 15 min, 4°C V&7 -7, L&A
i, MRZEEREEKCEEL, AP E Ui, 3BHT bisbenzinmide ( H 33342, FbatiZk T
M) ZAML, 25°CT30 ninRIEEIT > 70, RIGHE, WBEREBKTCHEEBEZESRL, BE%ES
FOLPAMSE( Olympus IMT2, IMT2-NIC ) CEEZIT-7

BEREAESHT

SY-ah S Ok EHBEROSHE - BRI, EEEEO7 a8 VEREAHOSEBEE. ¥«
E’D’L‘Tﬁ—o fC_o .

SY-4% 800 ml OHESBFEH T 7 HE, 35°C, 100 rpm, 3000 lux - 14 h/dayCie#E L, K&
#2304 #E( 3000 rpo, 15 min, 4 C )L, MlE%2ED, LESAZRE, HlEZ1072 MY VB
SEB( pH 6.5) 240 THAL, EOSHEC 3000 rpn, 15 min, 4 C ) UTHIEEDT, BE
MfnZFRERER 1.20 THREL, BLOoBTHEIBZED ., Mldz, BEFEFBREMCUD-201, @
IR )TCEBEHME( out put 3, 1 minx5, 5~10°C ) U7z, MEAamkiRsk, /NEGRE.OH8C CS
1000, B TH#H ) TZ.048E( 43,000 rpm=100,000xg, 1 hr, 4°C )&fT-7, 72007 4 ),
HoF ) A FERABEHERSHEIRE & bICtild 5, EBS CHME®R) ZHORNE D
450 ~ 700 nm OWIEEEEHIE Uiz ( BABN AR T HEOBIRED 3~4 1755 X 5121072 MY



VEBERTER ), HEHERICEEREZZ40%8FEE2 LMY, $REN( 4°C )THE
USRS 2ERBE LI, £0%, SEREGHZEOE (CX-250, ®bI I )TELIEEL
( 10,000 rpm = 12,300 Xg, 15 min, 4°C ), L&A B ( 40% LB )‘:é}‘j-f:o‘ D L&
12, EERBREESCN B ELS LIICMAY, BBREARC 4°C )TRBELANS 2 BHEKE Ui,
/0 #E(C 10,000 rpm = 12,300 Xg, 15 min, 4°C )L, E&HA LB ( 509 LBY )iHitic,
ZOLBEA, EERELZESHEERIERLIDITMZY, BEBREN( 4 °C )TERELANS 2 BRHE
HE LU, EO58EC 10,000 rpm = 12,300 Xg, 15 min, 4°C )L, L&A Lo ( 65% 0@y )
Ll tc, MEDOSBMETOLEMA0.2 M /AT MU YL/ 1072 MY VEREERK 1~2 nliZ
R, F» 1 oM ETACTERL, BHKTHS L TEVLERTF 2 — T AWRSERENK &
LCBR AT -1, &9, 2HEEREZANBRIT, HBREN( 4°C )TRELINS 1RBEL
1z BITH, BITRAK% mnmicro centrifuge tube T L, WEFHHSHZELBR( CRISE, B TH
%) THE.O8EC 12,000 rpm = 11,400 Xg, 5 min, 4 °C ) L7, REHZR VIR EELEZRBA
LT T 0.2 ME(EFFIDA /10 7 MY UEBREER CHESR( RE 0.3 nl / nin, 1 h )L
HPLCH 5 IMCEEA UTc*2e #1 5 LHRBERS 2 RBETHOE Uictk, BT MY Y ABEEEX
5815, YV UBRBEA 2.5X107! METLEF5 linear gradient elutionic X O BFREZHEHEL
foo BEHIIRIE 280 nn OERTE=I—UTo 35T, AITLCRELTWAEAHEZR 120,

1 nld 0.1% KBER{EF F Y VLB TH S LB LIz, £D%,0.2 MDIE/F FY DL/ 107° M
J VBB ER T 5 AEFELLTROBBEMNT T, BEEOENTTh TV AEHKRES A
FEEINEBNT, 450 ~ 700 nm OFRANRY MV ERIE LT,

*2HPLC system :

UV/UV-VIS  #kHi2% L-4000 ( @OEL8/ERT )

ArFY T2y bRYT L-6200 ( @ HSLRAER )

yo< bF—yAEEF D-2500 ( 8 HIRER )

Super fraction collector SF-2120 ( Advantec )

BENA FOoF 7894 M5 L : TSK-gel HA-1000 Glass ( VU —@ )

SY-4D 5% & WM BIE

DO OBET

RREMIZ, TSV /BT ISRV IZAREEREART Y /) 700/ 20ERICE LTS F
v r7uo sy A ERELEHS, EESANT FEOBREICE LTV ARTERREH B X UESE
EFREH* D 3 BE R,



Byyv) oo 2HRBEESEH( ng /K ) :(NHs) 2S04, 65; Urea, 6.4; Ca(H2P04)2, 19;
Clewat 32, 9.6
S B ng /£ #K ). NaNOs, 70; KH.P0., 4.5; Na-EDTA, 3.3 ; Fe(NHs)o - 6H:0,
3.5; NaSi0s. 50; Clewat 32, 19; Vitamin B.., 0.001

QOEBEREEOR

SEBRXIZ, 20°C, 25°C, 30°CH L UBCH 4 XEHR T,
QEMIEHBE ORF

EBRXIZ, 5%, 10%, 20%% L U30% D 4 XEFiTF7,
@FE#pHOBE

FEERXiZ, pH 5, pH 6, pH T&E X UpH 8D 4 RAEFK T 7=,

BRI, ZAKOVY aVvERERKU 500 nl BFRO 75 Xa4MH0, EREE 25 °C, EHE
&% 100 rpon, BB 3000 lux - 14 h/day OFHTIT -7, HBEROMPMBELIX 5 x 10°
cells/mlé:bto M, EREREEZMET 5700, FHIIHEEC 1 atm, 120°C, 20 min )L7-d D%

W, SBEZERNICT > _

%%%ﬁwm B ICERRAFRL, Mls 1% (V)KL Y TREL, 20%, &
L343 8EC 3000 rpm, 15 min NS K VMR ZED, ELBOBEHKICBE LT M —<MKFTERT
ik G L U

BFERL, SHEICET 5 1 BE 0D FESROB( K ) TRUK, KMER, @%, SY-44%2
SECIOWHETEIENS, KRACIDERLEY,

L1/ (te-t) 1 = log (N2-Ni) |
= [ 8.822/(te-t1) 1 + [ logWNe=Ny) ]

IITC Niidt, BEOMEEE, N i3 t. HEOMBEEEL L,

HRE LUEER

1. SY-4D45iE L BBENEBE

R T HHRIC, SEEEEBTEH 2.5X10° cells/nl X THML, WEENES b OMHE
SY-4(Photo 1) NESHT, F7-, ZOMMEIX A4S ORREHR LT3 o =—(Photo 2)
ZIERT 57-%, BBIIBESGTH->7.

SY-4DEIBIE, MIREENS un OFEZLTEH, [Hiw HEBOXFNIIEL, HERTH %,



Photo 2. Colony of SY-4.

.__5.._



Photo 3. Scanning Electron Micrographs of SY-4.



(A)

(B)

Photo 4. ographs of SY- nd Ttrselmts tetrathele
by Nuclear Staining (H 33342).
(A), SY-4; (B), Tetraselmis tetrathele.
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BRI, MO 20RICE->TRI S, &7, BBLHEBORE /o T EHHILEVPhoto 3) »

2. BResx

SY-4iZid, MR ENRONT, BWESHRPRICIFEL T, 202 EM 5, SY-4
BEBHMBTH L b7, Fio, XBELIT T )8 Tetraselmis tetrathele T,
BB geE b, EBARORNHE%ZRUc(Photo 4) ,

3. BFEREAHST

40 %, 50 %, 65 YOB/EMBLLLBI %1 FoF o737 4 M ASLEZHNTY) VEBREBIK T
linear gradient elution ZfT>7c & E DI/ YY — V% Fig 1~ Fig.3 TR T, 4k, HTFOD
FEoRiz, 717 ALATHRUCBREAEES (@~ D 450~T00 nmil B 3RINAXRY bV TH
%, BEZE, HDENRETEL, BUULBNANRY PV ERT DL H 70728, RENES
DODHERUT,

40% BB O®E S g 50% (B OES g 65% BHOmST ICBE (U7 )N F YT A
BRIAETS 7430 7=(620mm ), YO 42722 650 nm ) & BN 3 RINARKM
Rohtc, COZEDs, SY-4RBRTHATREHINREINIC, UL, EOESMCEEFEROL
BONBBIZEETH 743 M) (BB, AEEICHEO 565 nm [CIRIARK A &0 ) ORIHR
KR oShEh -7 —F, B4 a ( 40% ppt ), 4 a,c ( 50% ppt ), 4 d, f (C 65% ppt )
(2 580 nm £, W4ra ( 40% ppt ), Misrc ( 50% ppt ) 600 nmffax, M4 g ( 40%, 50% ppt ),
4 £ 65%ppt ) (< 680 nm FATICRINARKZ & DOANY I LB oM, B, Joov
4V ak 7438 Y VEAEICX T 550~T700 nn® H&OFEHTHEIBNINEY , EEORI
WERAUKET S E 680 nm OB ARIE 7 o7 4 VTl iELhEBbh3, UL, 580, 6000m
WCRARINAE O DIRBAEICREIN/ 74 a8 VERBEEAEOIMIINL L, RAOEBET
BraohEBEbh b, 65% thBoO 482, 493 mOFERIE I F /A4 F, Bz 7 oo 7 4 VORI
BAKTHBEREDNEY, AEOT4avub b 490 nn CRIGHEERT 52

T4 Y VEAHIIHE - 28 - BEROAETEMLELPLT L, FEAMED pH BV IZBEK
KERFT TEEORAERELR L THNFENEENENT AV, /2, 74 a8 VEAHIIKE
KORBICHB L7007 4L ER URONEHEERRL, oSN UL UIEREEREIGRELSS
2BV, 5T, ThooHEMLHTIRTL. LML, JOREEHVTI ) VEAY
NERTEXBDT, SBROBRHFEL LTS, ¥/, 74221 MY VEERTEZOERI
5o Uiz #iis (complementary chromatic adaptation) &5 BRIG4A7/Rd 5,
S>% 0, BEXETTHEETLE, BRI 7 av7v&kb 42 MY UEEBCEREL, K
T THETIET ALY P UEREARLE L, BEXOENVICLIIBERRAEOMRO &
VDIZ DWW T HANRBMLENRD 5,
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Fig. 1. Elution profile of 40 ¥ ammonium suifate ppt fraction from HPLC column.
The protein was eluted with a linear gradient from 107® to 2.5X107' M
phosphate buffer containing 0.1 M NaCl at pH 6.8 . The flow rate was 0.3 ml/min

from 0 to 5 min, raised linearly to 0.5 m!/min from 5 to 10 min, and kept at 0.5
ml/min from 10 to 60 min.
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Fig. 2

Elution profile of 50 ¥ ammonium sulfate ppt fraction from HPLC column.

The protein was eluted with a linear gradient from 1072 to 2.5X107' M

phosphate buffer containing 0.1 M NaCl at pH 6.8 .
from 0 to 5 min, raised linearly to 0.5 ml/min from
ml/min from 10 to 60 min.

The flow rate was 0.3 ml/min
5 to 10 min, and kept at 0.5
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Fig. 8. Elution profile of 65 % ammonium sulfate ppt fraction from HPLC column.
The protein was eluted with & linear gradient from 107° to 2.5X10°' M
phosphate buffer containing 0.1 M NaCl at pH 6.8 . The flow rate was 0.3 ml/min

from 0 to 5 min, raised linearly to 0.5 ml/min from 5 to 10 min, and kept at 0.5
ml/min from 10 to 60 min.



4. SY-ADFE '

SY-4i, WEPHEOEL LT, MIBERICERIIFROBRELSEZSAELTWAI LMY
a1 o, BEAEEICLY, EBMETHAI LN -7, Zhold, EBEORHEERTHO
THY, #->T SY-4 BEFETHAEEIEEICRHWEEDNS,

BRI, thThoB@h, s, 7ot ay 7 ZB Chroococcales, 1< LY 7 + 8B Chamaesi-
phonales, FU ot FHH Pleurocapsales, =X a%€H Nostocales, AFIx<H Stig-
onemales® 55D H ( order )ILHTINBY, 205 b5, SY-ARBT 50k 7utay 7 XH
Thb, TOHOHHIT, MEIEMEX/CRBFEETEEL, Hia EFROXFINE L, EBHEP
AEMlAES 5T, ARMRFELLTHRD 2HRICL->TRIB I L ThH B,

orutay 7 RBX, 73y 7 ZA¥ Chroococcaceae D—F U5, ZORDORH
i, MfasBiat O E 2R OB GERNERORENICZHE b N BHERERERL, ¥
BEOLDOOZNETHS, SY-4iF, BHEETREERLRT DS, COFHNIBETAHDL
BEbhs, _

COrTkay 2 RN, BMIBEHEART V% 3% 2F B Synechocystis, Y*x 323y IR
& Synechococcus, 7 O#* 2w 7 2@ Chroococcus, 7 b IRITVE Tetrapedia, ¥ 7 F oy
a7 A& Dactyrococcopsis ERH 362, ZDHL, SY-4 BETADRIVXIAFAFXET
CORBOREE, WROBEBIRKETHS L TH5S,

ULOHEEDS SY-4 2458 T 5L, TROXS TS,

Division Cyanophyta BRI

Class Cyanobhyceae | EEH
Order Chroococcales Juxay 7 RXH
Family Chroococcaceae y2oaxayw 7 2
Genus Synechocystis YRAFRT AR
5. SY-4DRsEfEHt
OHE O BRE

BRHTHEBULSY-AORBIICE AR, F ) oo /Y AfKEEHT 0. 39, %
SR T 0. 36, iS5 SR T 0.31 Th-oTco 7/ 7ooly AFKIEE T, S5EHE
4 B CREZLHENRAD S5SNI -1, ThIUBRRIMENR Shic, SE SIS X UM
SElEm T, RS BB £ CHELMENED SN h -1, ThUBRIEIHERR Sh
72 UL, BRHRIT TV 7 oo 7Y 2 ARIESE I HENTREI - 1o, £, BEEEHmcE
WTRBEEBEHROFNOOHEERNE N >Te ChODERIS, BB U SEOFEDIIH
T, TvJ) 7oudy XABIEEHmN SY-4 OEBIIRIBALTHAEIENH-72( Fig. 4 ),
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Fig. 4 Growth of SY-4 (Synechocystis sp.) in Fig. 6 Growth of SY-4 (Synechocystis sp.) at
. . Various Temperatures.
Various Media.
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Fig. 8 Growth of SY-4 (Synechocystis sp.) at Fig.7 Growth of SY-4 (Synechocystis sp.) at
Various Salinities. Various pH.
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BIEMOIREZBRBIOVTEET S L, TV /oo Y AABIEEHTREREEZM, K
£H JUBSOMEBHTIMMS MY Y LAZHO TN S, SY-443F Y ) 7 oo 7Y 2 REILSE
HTLOBmOEEEBLRLILOR, BRELLUTHBIELO T Ve A BZLOFRCHFALT
WENSTHSBEBDNS,

QERMERBE OB

ZEEX THEE UISY-4OMBENIC B 1T 2 M EII20CX T 0, 25°CKXT0. 41, 30°CX 0. 31,
35°CXT0. 22TH » 12, 20CRTIE, WHIRRBD SNEh -1, 25°CX TR, HRLEOHHERNE
5, HEEBARR118 HiTid 5X10° cells/ml £ THAM L7, 30°CH KU COMX T, WHIIZE
Bohtch, ZOWHEHRIIBCXDEDICHENTEN-T2e ThOSDOERI S, SY-AOREHITHE
LB EIR2BCTHBZ -7 Fig. 5 o

CEMIEN BE DK

FHIESBEX THER LICSY-AOXEIICH 1T 2 HMRBIL, 5 %X TO.67, 10%XTO.87, 20%X
T0.32, 30%XT0.31TH ~7c, 5 XTI, Br#EME 4 HH £ TIERSHEEMSED SN, £
DHITER L1 o100 10%X T, HEEE 4 A HE CHERNS %X L0 SEI 7285, TOH
RIERE I NZED S0, EHEAS B BUREBE2ERKICEVLW TR bEWMIBENE Shi,
20% X, 30%X TIIETHMIZD SNABEE CTHEBIIHEENEI -1, ThoDERD S55Y-4
ORBHEUIESBER, 10%ThsI &0 -72( Fig. 6 )o

SY-4i3, ABEBEONETEBMEOBRE» SHFMUIBEETHS, CONETEMER, K
BOXNOYKE, BKPRIODEIFKETHD, XERDSSYAPFKEZRLI-Z &L, #
BEEBSHREDHWIZIEEREEIS S DO EEDN S,

@EHpHOKFT

% PHIX THee U 7= SY- 4O B 517 2 5ERI3, pH5 X T0.16, pH6XT0.71, pH7 X 1. 00
PH8 XTC0.31TH »7co PHEXTid, F&EHRMBED SNED -7, PHEX T, HAIRBD SN
7o b DOPH T KICHANTHERIZED - 72, PHTX T, 5%EIA 4 HBUBICHEESHEIZD
5h, RLBEVEEENE SN, PHEX TR, REHHEIBD OB >1e THSOERNS
SY-AD BRI H LIP3 THHETH B Z EAH -7 (Pig. 7)o

Fio, HREET, £FMOHELIITEEBD SHhEh -1,

ﬂi@iiﬂ,%mdmwﬁs@_W%ﬁ%ﬁbtﬁmmﬂﬁﬁ%ﬁmLt@ﬁﬂ%ﬂ?ﬁﬁﬁ
LU, I C~BCTOEEBELNW EOSEHOBRARRBIZEALTWA EEDNRS, LY
U, 0CTCREBLEAEEBMULW-DATOEZBRIBRBN TOMEBEZENALETH S,



SY-4D VA I ZVET LT B ERHEE AN R, BB E LT F I 2Bk
UFr)2ualVRE 0 bEOEREEIRD Sh( RBEE ), 4%, ENAMREEEL L TOM
ErPRFINS,

® W

HERED SRAOH ASHAERORRZITY, 35°CT bR SR 4R MEESY-4
ZoEELT,

SY-4i3, EES un OBMT, F#EEERL, HEPEEOEELT - T, BRI, Ml
D2HBITL>TIT Do SY-4IX, FEEMIRT, FMLBRICT7 4 a7y, 70742V 72V
COBRBOAGEAEALTHBI DS, EEDO—FEYRAFXF XE( Synechocystis ) IZ@Y
B LD 5T, SY-4IE, fz/ﬁmmf/xmmm%mf BEREESC, HOBEI%, pH 7
FEDEMETT, BbRIFLMMEER LI,

X #
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