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B ALRFEE. BREM 02 R
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RN . f B B Pyramidomonas sp. # Chlorophyceae L -4 §3{F {k i 7 245

60.0 pE - m ™ » o' ERH . il f 8 26 08 K RO
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g A 20 ml. 6 9 . U, B9 0.0.56,
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M1 FPyramidomonas sp. () # Chlorophycese L -4 (b) #9544 8
Fig.1 Growth curves of Pyramidomonas sp. (a) and Chlorophyceae L -4 (b)
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Chlomphyceae L -4 WA 5 Kk AHECE IS
QB 1) 0 10 A KRG, e e Y (RO 5
Fote . Chl b 08 S 05 5 40 B 1 il 2 UL,
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2.2 FESHE 2 HERECORR

W T, 3 R ALt Pyramidomonas sp. i)
H R Chl o S AR w0 9 (18 2a) 3000 2 15
00T LA KPR AR WAL 0. 271 ) FURERS0Y Chl a

AM0.869 mg - L") ¢ f3b e b 5 AL 41 0 0 W R
(0,191 )#1 Chl a(0.666 mg « 17" ) () 5 HHIEAE
1.4
b
1.2
1.6 o
B chias
0.8
0.6
0.4
0.2
0.0
1 2 3
e Medium

W2 FEERET Pyramidomenas sp. () § Chlorophycese L -4 (b] £REEWH
1, 02 i 2, BERICREMER, 3, BEERE
Fig. 2 Effects of different medium on growth of Pyramidomonas sp. (8] and Chlorophyceae L -4 [b)
I, 7 mediom: 2, Provasel mediyen; 3, Green algs medium

A+ 5 72 3 0f Chlorophyeceae 1 -4 % AT
i F O} Pyramidomonas sp. (9806 8 %( H2b) @
l:lllﬂmpﬂ'i!fﬂrd.e L-4E 2 RPN ERREF . H
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TS g e dn et ¢ YRS EHE = T A
/2 M FE ALVE o e 2 R 3 AR IR AL
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3b, M 3a 0T ELE L KE T ( -3 C) Pyramido-
monas sp. (4 (0D, ) ¥ B FRSE .M
0 kM O 2 T AT W, i ] g i A
it 1, BEAGEAEE (6 T #1110 C) B, Pyramido-
monas sp. TE S0 P EE TR 1C, 6 KL
ATk 0.33 005, Rt AR B, 5B 14 KR (A
FEE. 2 CRIES Pyramidomonas sp. 4 1< 0 bl iR
0 14 ik B A e, R Y 0. 42, LK
>6 B, Ml e e A] 4 ek 1,6 O R
FoH A e, =0.48 d ') o fE i i A 2% 0 K BB
AEARH, 10 CHB BTG TR, Bk, —aEm
(i AL A BT Pyramidomonas sp. 94 F< H14E (£,
fE2 CHMROR S R R 0.47 47 IF ELATEL

SR 8, R NG

R Chlorophyceae L — 4 E 40w ( 0
3b) 5 Pyramidomonas sp, Hfl. $EMEE (6 T
F110 °C), oK1 K i (6] Py o e i 4 <, HF 2 10
FoHD 12 T4t A f e G RO TR
LWMAMBWEL. -3 CT Chlowphycese [, -4
04 i A T AR (2 R EE IS, (5%
a] PALEDS 16 Gk [E) 2 OC B i AL e e (.
£ 6 CRIERESRMT  Chlorophyeeas L -4 6 1
B A (0,31 d7' ), MEIRETILOT LR i 2
Fhig M 00 iS4 1SRRI RAE, Pyromidomonas sp.
%2 -6 C ,Chlorophyeeas 1. -4 % -31-6 €,

O A R T A 2 R A A
W], Pyramidomonas sp. RERH 2 15 T AR T ; Chloro-
phyceae L —4 tha] i 42 12 “CAYIELHE , (0L 4
M b, SRR DR B Je ), 2 g 0 ) 2
BB K, WA S M T

Bunt'*' 4 o 45 88 09 4615 1 Fo R AL 4 ~ 10
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BBV W BIK AR Pyramidomanas sp. I Chlorophyceae L~ 4L 3 7

(w) ERBE(TC) MABETE, g p =
0.027 5T-0.070, #46 Eppley's " fi14538,2 T i
KK ER Y 0.97 47, Pyramidomonas sp.
Chlorophyceae L -4 fESCH SR AT T R A H
FRERSRIN0.47 d O30 47 LN DA

0.4

0,4 =
— 3
0.3 . P, o

S
g 0.3
0.2
0.2
Y.

Q.1
0.05

-—

D 4 B 12 18
i il

9172 #1173, Eppleys (45205 3 4[5 55 5 50 4
SR L B Rl R R, L2 SRS A
i 7 o 8 0 L 2 e AR () R HE i O R L 46 Pyme-
midomonas sp. Fil Chlorophyceae 1. -4,

0.304
0.254
0.204
0.154
0.104
0.054
.00

[+ e a 12 16
i i i Time

3 FEREES Pyramidomonas sp. (8] 8 Chlorophycese L -4 | b) S0 88

Fig. 3 Effects of temperature on growth of Pyramidomaonas sp. () and Chlorophyeese L =4 [ b)
b, =32, 13,604, 10T
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Kot Pyramidomonas sp. Hl Chlorophyeeas L -
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(7.0~60.0 pE - m ™ « ") FAEfedifree, Hat
BIFE N 0. 10 0. 11 d 7' R
#%0.25d"". KE Y600 pE - m™7 - 7' B,
Pyramidomonas sp. {4 1< 8 5 028 40 e 1 #0222
PRI A 60.0 pE - m " - 57
b KIRAETF 3.0 pE - m ™7« s7'0, G R
B T PEAE.0.6 =3.0 pE « m ™« 57" 0 Pyra-
midomonas sp. () ' 1< W D, F 5 K 0. 045 ~

0.058 d°', |t Pyramidomonas sp. " <l a9 A% o
g

Hes 1] #F Xf Chlorophyceae L - 4 T W &
% . Chlorophyceae L -4 £ {CiETTA KA 7.0 -
60.0 pk « m™" - &7 BEEHAO R MR Y 0. 12
d 7 ROCH A R 0.28 d7' L [ RELE R R N
60.0 pE - m™ - s ', Chlorophyceae L -4 #9% |
T 024 4 e D 50 R B bl e
fE60.0 pE - m™ - s ' k. Chlorophyceae L -4
R A0.6~3.0 pE-m™* - s 'BHEEREEREY
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f B 0 ) SR I 5
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é 0.26 | g i e
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M4 FEHEH Pyramidomonas sp. (a) 1 Chlorophycese L 4| b) £ 4R
Fig.4 EfMecis of irradiance on growth of Pyramidomonas sp. (a) and Chlorophyceae L -4 b)
OB pE m ™ a2 30 pE m ™ e 3, 7O pE-m™ c w4, 00 pE-m™ e ¢ 5,600 pE s m™ +u!

KA R RO TS R RRE  wE - w7 o7 SRRSO AIR R BTG 09 AL
Bk, A5 9 &M, Pyramidomonas sp. #l Chloro-  38(7.6 pE - m " + s " #0.3~1LOpE s m™* -
phycese L -4 I e RO MY 0.6 3.0 o'y Rl IEFE— KM AFEE SR, o
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KAGKBIF T ,40.0 pE - m™ - HRAER
&, Pyramidomonas sp. Hl Chlorophyceae L -
4 ORK A MR R 60.0 pE - m ™ - 57" )
Wl TN, Bt 2 SR R
LA, A K 2 RS fE AR
W48 Pyramidomonas sp. Fl Chlorophyceae L. -
4 et o A MO, 451 Sa R Sb. W
B P T AR, TENR U4, AR IR P 9
Chi o 7% BHAE 730 R SR F 00 Chl o S8, BH-—
S Y Chl o 0978 AR THOE T A9, 3 %
P, 0SB A9 Chl o & LS AT N 3T Pyro-
midomonas sp. , S 40 MR A Chl o & Bkel 142 x

5 15

=
=

Crp——
Chiaf(mgl")

[

Chlaf (10 ug-cal ")
[l

=
=

08 3 7 20 60
WA w8 ) fmdinnee

107" g MIEI 4. 67 %107 ug; Chlorophyeae 1 -4
SN Chl a & it 2.72 x 1077 g M H 90
x1077 pg.

Wk iE M Frogilaria sublinearies 4 o -2 T
i, AR, 66 FEE 0.66 pk - m " -5 HHHAEY
Chl o TMLLHEAYTE I, Nitzschia Fl Navicula
NP0 Chl o B EEMM O, THALHT
MEREEEAYS0% AR 2 FHEREA Chla &
Wit LA R A R SRR A .
I, T S T T O A R A 4
L3N fiks o

Chia/ {(x10 ugcel")
0 = Ex oo

KNl 5 Trslience

B5 #%3 Pyramidomonas sp. |a) 50 Chlorophyceae L -4 (b) Chl a & @688
Fig. 5 FEMfects of irradiance on Chl a contents of Pyramidomonas sp. (&) and Chlorophyceae L -4 b)

2.5 FEHEIHRREKHER

1L M 4 KB Pyramidomonas sp. #1 Chlorophyce-
se L4 w4 L1 60 FPH 6b, MK 094R
JETE 1) - 66 FIMIA.2 Ml KRS, P22 -
33 W KM RGE R . T Pyramidomonas sp. | {E
SPARAYERAE (0 10) T, 4 Km0 B0, 0 06 85
ki A AR fE B %, N4 150
B S e T S P, SR S R R g
AR S 2 R BEER  F I E Y. (R
B0 M Chlorophyceae 1L —4 94 46, {H 2 £k HE %
T 100 it A HAfE B %X 150 i £ K ILF
TEA P (AR R ST SO ML 2 | AR B
WU ELHE I RELE . ML 6a FOIE 6b W] LA Y, Pyra-
midomonas sp. Hl Chlorophyceae L -4 & | /" {5 HE
AU ROE . IR Chlorophyceae L -4 B R&
{6 HE i S 4, X % Chlorophyceae L -4 L
SR ANMERE | BT LUIEHT G A6 1 o £ M i LAY B
B . HH 2 FRt AL RO P T
#EEL I . Bt Pyramidomonas sp. Hl Chlorophyceas L.

-4 WETHLEMEERA (11 -66) FH:A4F.
HE %22 049 0. 134 d ' R E L1 9 100 B A% 0. 098
d™", Chlorophyceae L -4 094 |¢ 58 56 bl 3 45 fE 64
S AL, 2 eatdahE K R M
AR B SER T 0 oK R,
{A iR M Dunaliclla tertiolecta fE3E1E # 8 2.3 #Il. 1
it A E0.95.0.45 0.0, 4TFEEH
PRERAE K DK B, (AR Y LR
o Bl 200 1S Ak, DR AR (LR T L
i 5 1R A, 1T B eh v R AR £
O ok e F L Y 6 B4, R 0 R fL R TR,
TR HETE — St AL L kAR Ay A e A R e
1.6 F[EpHIE2 HEEEKHER

pH {3 Pyramidomonas sp. #1 Chlorophyoeae L
~4 e A B R Ta B b, AT Pyre-
midomonas sp. 41609 pH % 9. 0, i i& & Chloro-
phyeese L -4 & 4 f9 pH 5 8.0 - 8.5, Pyramido-
monas sp. f Chlorophyceae L -4 764 A8,
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A B Pyramidomonas sp. #ll Chlorophyceas L -4 0900 (k15 8 249

Hedeseehy pH L TH, RN pH 6.0 ~10.0,
2d LLES ¥, Pyramidomonas sp. ] pH £ 9.5 -
10. 0, Chlorophyceas L -4 ff) pH J3 8.5 ~9.5 22 [i].
I FH AR pH PR W IR0 CO, MM, i
CO, BRI T O IR SR, (a0
W), COy i 1 R AIE, S 0% 2% 6o i) pH T .

a4 | a /' ‘13
—_ a4
gi 03 .
I ol
0.2 8
a1 el
6 a ﬁ 12 16
B id Time

Homer 5" 8 4530 ] 00 360 Aok 322 b pHL HEOE
PRI B WG, dik G (RO 9. 0, if FL B A ok 3 69 19
AL pH AR DY (Rt pH it 85 4 B bk
I 50 T A e 0 L 0 7 A T KL 3
PR O A ™ A R [ i Y 1 i e ]
B S R SR04 pHL

v 4 @8 iz i
i i Teme

M6 %W Prromidomonas sp. (a) §0 Chiorophycese L -4 [ b) £#E RN
Fig.6 Effects of salinity on growth of Pyramidomonas sp. (a) and Chlorophycese L —4(b)

Salinity: 1, 11; 2, 22; 3, 33, 4, 66, 5, 100; 6, 150
035 -
040 |
a 030 | b
035 o8 L
aan L 020 |
0.5 |
028 L
0D
0 1 ol g e
pH pH

87 pH T Pyramidomonas sp. (8] %1 Chlorophyceae L —3( b) & 4 ) B
Fig.7 Effects of pll on growth of Prramidomonas sp. (a) and Chlorophyceae L —4(b)

2.7 FEMEMRREEROER

A [6) B 3 Pyramidomonas sp. §l Chlorophyee-
ae L -4 094 AT — f R w4 5 WL 1 8a FIPY
8h. NH,Cl Bl NaNO,, T f'_irﬂmilfumtmm s 1 Chlo-
rophyceae L -4 “f {09 [ 47 B, NH,CL 4 B0
B 1 He NaNO, B30y foth 0 2 & ik
WEEMOHIE. M 8 el LLFR U, 1A NaNO, 2 30
WAL Y EERR , LA NHLCL O iy ok S i
B . A A LR, 0 2 Rha Ay )
S AR E DL A £ 0k e R s (B R A
(L% NHLCL# NaNOD, W T o6 ~TT7%
S ok LT AR, i AR s e,
. Demers %" % 80, FL0F B0 A0 I A0 K T HI®
S0 , b 90 T A O L G R
Gl 3, M % W 0K A I 00 BT ) BE 09, Maestring

F'U B, MR IE Y T ol - LU0, DA
) Dl SR R A . LR R N S Y
EPREAE, BN EEENEEST0.2-1.0
ol + LV, A AU BCE M A
e 205 A B e (] e ) D )
B, Demers 8100 N 0] 6 A0 40 i 0 00300 00— B
il EEBL

A o) i B Pyramidomonas sp. Hl Chloro-
phyceae L ~4 (9 Chl o Z WX, 455 LE %
89, WELT .2 Fhafdi syt bl NH,C1 e v]
L 0 o 0% O R, (L JL Chl o (9 3 BEEAEF LA
NaNO, BE#AY Chl o F &, LI Chlorophyceae 1. -
4, 1A NaNO, g0, £ 45 1% 400 0 L (8 40. 28, Chl
o A A 232 mg - Lo, DL NH,Cl R0 A0T
(B % 0.285 Chl o ZHHLY 0.9 mg « 17",
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250 P REKFHE wy
035 030 2
% r 035 F
i o0 A3
5 o020 b
C om
o5 |
015 d
.10 "'""‘-v"’“""r-.ﬂ,

LR

D 4« 8 12 B
M) 4 Time

A i e . i i I
0 4 & 12 ®
i) /d Time

W8 FEEEI Prramidomonas sp. | a) ¥ Chlorophycese L -4{b) &5
MWl NaNO, 2 NH,CL Y R4 o
Fig.8 FEffects of aitrogen on growth of Pyrasidomonas sp. (8] and Chlorophyceae L ~4( b]

Nimogen; |, NaNOy; 2, NH,Cl; 3, Ureay 4, Contiml

1

LB
Lo

[
SR -yl

a
=
8 ] |

RN Medium

as

"
-

h
e,

b
a

B B
Ui BTy TR R
4Rl b cartSisien

¥ 3 .

15 Medium

W9 Sl Pyramidomonas sp. |a) # Chlorophycene L —4(b) Chl o & #8088
MERA D, NaNO,; 2, NHCL 3, B 4, o

Fig. 9

Medium; 1, NaNOy ; 2,

Ml MB A Chl a A MESEE R H
NaNO, 3 95 A U
1.8 FEAREAEED2REREROER

1 [ O e b, % Pyramidomonas sp. (F)
et —sE B, WL 10a, ¥EHETE 0. 88 mmol
L AT R A R B, e AN
0.13 ' EHEMAET 0,88 mmol - L', 408y 4+
AR, R ER 0. 11 47 FhY BT
DR A A 300 PR, 0 T O M i 2
m O A . MMETE 0.56 ~ 1. 47 mmol -
L.7', % Chlorophycese L -4 94 KERFHE, |
e A HERELE 0. 12 47, [H ik Chlorophycese L -4
o] 3 1 EERE A9 e 1, LIS 10b.
2.9 FEREORE 2 FHEEEKOER

8] 3% ME 8 %) Pyramidomonas sp. I Chloro-
phycese L -4 4 {<a w20 S 0LIE 11a # 11b. {E
AEEN KH,PO, B3R A8 b, 2 Tt 08 540 AR L
P AP ML R . R ey A L

Effects of nitrogen on Chl u contents of Pyramidomonas sp. (8] and Chlorophyceae L -4(b]|
NH,CL; 3, Urea; 4, Contral

fH TR, Pyramidomonas sp. T KH,PO,
MM % 0.015 -0,033 mol - L' 8,k Eil 4
A E R 0,10 d ', 20 ey REEL ik 15 1 B
e ] g T Y o A PR e R R TN
BEAUEL MO HE % 0. 130 mol - L' 8, M40 ME0Y H
fEETAL0 284, MEEMRMRLEGHT
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Optimum culture of antarctic ice microalgae Pyramidomonas sp. and Chloro-

phyceae L -4

MIAD Jin-lai' , KAN Guang-feng'” . ZHANG Bo-tao' , JIANG Ying-hui' , HOU Ku-;umg.' . LI Guang-vou'
(1. Key Labortory of Marine Bio-active Substances , Stite Oceanie Administration . Qingdao 266061 . China; 2. Manne Life College,
Deean University of China, Qingdao 266003 , Chinay 3. Life Seience College, Shandong University, Jinan 250100, China )

Abstract : Antarctic is an extreme cold area with high salinity and strong UV imadiation. Antarctic ice microal-
g, the main producer of primary production, play a very important role in marine ecology system. loe mi-
croalga develop many mechanisms to adapt these extreme environments after a long time evolution. In onder 1o
use completely the value of ive mivroalga, the effects of culture conditions ( medium , lemperature, nradiance
salinity, pH and nuldent sources) on two species of antarctic green microalga were investigated.  Pyromido-
monas sp. and Chlorophyceae L -4 were cultured in {72 medium. The 0D, ehlorophyll content and specific
growth rate were determined every two days. The resulis showed that (/2 medium was the favorable one for
Pyramidomonas sp. and Chlorophyceae | -4 among (72, Provasoli and green algae medium. These two spe-
cies of alga were developed under 4 different temperature of -3, 2, 6 and 10 °C, the range of optimum tem-
petature for the growth of Pyramdoimonas sp. and Chlorophyceae | =4 is 2 =6 T and -3 -6 "C respective-
lv. After the irradiance of 0.6, 3.0, 7.0, 20,0 and 60.0 wE « m " « s ', the maximal growth quantity of
Pyramidomonas sp. snd Chlarophyceae 1 —4 were both got under 7.0 =60.0 uE - m * + s ', The salinity of
{2 medium were adjusted 10 11, 22, 33, 66, 100 and 150 by adding crude salt and sterile water, and the re-
sults showed 22 — 33 was optimum. The pH value of £2 medium 10 6.0, 7.0, 8.0, 9.0 and 10.0 with 0. ]
mol + L°" HCl and MaOH were regulated , the optimum pH value for the growth of Pyramidomaonas sp. was
9.0, while Chlorophycear L -4 was 8.0 -8, 5. In all nitrogen sources ( NaNO,, NH,Cl and urea) , NaNO,
was optimum for the two species of alga. Pyramidomonas sp, and Chlorophyceae L —4 were cultured in differ-
ent NaNO, level of 0, 0,56, 0.88, 1. 18 and 1. 47 mol - I."", and our experiments showed that the optimum
concentration for Pyramidomonas sp, is 0. 88 mmol « L', and 0.56 - 1.47 mmol « L' has no obvious effect
on Chlorophyeeae L — 4. These two species of green micralga were cultured in /2 medium consisting of
KH, PO, ( phosphate source) of 0.015, 0.033, 0.065 and 0. 13 mol « L™', and the optimum KH,PO, con-
centration for their growth was both 0. 13 mmol - 17", Antarctic ice microalga under the extreme environment
have many important substances, such as antioxidant, antifungal, antitumour, ete. . The optimum culture con-
ditions were founded after our experiments, which can provide basic evidences for iee mcmalga: exploitation
and large-scale culture,

Key words; antarctic ice microalga; green alga: culture conditions; eulture optimazation
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