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BREBEAFLEHR T ZAROWRTIR, HRHFENRBSHIIT Ao
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f-H% FREBEAR AR RIFHERAGR. IERMRELOERRENEY, BRE
RERNLFNE. SEARBTREIORESERFTRRREN §-HF .2 6=
HE FENBRFRRBRE (Massyuk, 1966), BRIFZEFRETHREALRE & = F-H &
NEEOTIE, ERBRAFE. P E. X ESERC LN 6-HF ME™ M ZHHARM
FrR UK, REE XA LA MBIz AR ZTBIARIRTUER, I
RERERE
1 RBREDFRE

Teodoresco, 1905 IR L% (Dunaliella saling) AR, TABHEKE.T
mineE A REKEENEE, LRARNE—ERERCE,BWANE—KPORIRH &
R, HREETEERE— (Borowitzka et al., 1988a), WRMFIKROFLEIR
BN FHRE MR, HEMIESAEE,ERERGELTEL, BRI
AL HECSI R . FEE . B 2 BEESE) (Borowitzka, 1990), FhBEAyXE
BHIEthRHKEBFAEN, HEEREFMELREL, B ) HRBEENHAREM.E
B ERHREE; 2) ZEMRELEARME. ERX-ARHERATEREAD
EEBED, A £ERKBEENRBAK, G5 HEXTHE R,

TR, BB BMLBEEEREN TR, RBEEEERETRABTKE -1
¥R, XEF-HF FRERTHEENNPER /MY, SAEREERRFE Z R
(Ben-Amotz et al., 1982,1988), X@#HB XN T HEEWAR AT A EERRA
Borowitzka (1990) RHIFLIFE - #1F FRERESZDIEASEINENT A #BIL,
FrYEELEERY UTEX 200 (CCAP19/3), BG4 6. Thomas Fh, WiHKEM U KE
EBARRESR, S BIRHRAG D. viridis, D. parve, D. viridis, TGRLE%)] Ben-Amotz 43

* BERERNEESHBTE, 38970587 5, XIBE,H,HAET 1964 F 6 AWK R Ftk.
WREH: 1990 11 A 14 HoBEZAM: 199446 J28H,
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B D. Bardawil RiE¥ (D. salina) (Borowitzka, 1990),
HEARLCHEEHRBENORKA, XHldum X 22um £4, MEHH 3pm X dpm £
Fo RENERTFEELGSERN RN EERNE, REERBERNEEBER (B 1), T
HEBPRER AT RE—ERET,, BRI E—BEENRQENBREE; RER
HEE, REHBNASIR T, —REFRBRORIAAUATE, BRFEANEHEMESH
B BEAHAEFEAFRRAERE, EIEXUVYERELEH, @ TFREFSHNENNE
BB B, & TFHE—BRE. REXENRYTE, 5 TFEKARLA, Sd—RNHEK
KRERE, & FARBS RAAES 2, BR324, UG XN SaIE TRk
k. REGEEBENERKNEEFAZBERTABZH, BETHEBEEREENEER

R (e bR B R A

- xamE (o | BB —RIERAK K, A E,
5 AR MK TR BT A AR, SR E M

T B3R * SERERL TR, AIDIZERE I B K (<01

s E g — mol/L NaCl), H = {8 f & /K (>5mol/L

) NaCl) RIS AT, HYLER & pissm
ﬁﬁjﬁ? (n)  HERR Ea%l(") RERARNEBRNSE, SMRERBEFR
—— — | o BB oH EHBEEZE 1—11, BX L, 3

. aF (2n)<———_—| EREIAMHR EREYIRENENZ—, B

B1 BENERE 3t pH ERIB B EE REBROEN SIS, HiE

Fig. 1 The life history of E%iﬁ‘@’ﬁ?ﬁgﬁﬂgﬁﬁis HMLE 0—38°C 1y
Dunaliella salina EE TRy eEHE (Ginzberg, 1987; Borowi-

tzka et al., 1988a), AIEEYMEFIHELE 48.5°C th 2h FHEHEEEK,
2 HRIEINETE :

RERR-HF M EERSTTEARKTER 14% (Aasen et al., 1969; Borowi-
tzka et al., 1984)c A JLFER, AN EBOMREEZRDAEFRERRE -AF
pE, UTREZEXE,

21 BxEE KARFEBEABEFLEMN, MEFRBRANEFEXEREEZN, B
BIFEIRE, Hrp Johnson’s I BE HRITF, Ry 1o B, BE HAKER Guillard
£/2 B3Rk, ASP M RIEFK. MBE/KEFE (Borowitzka, 1990), FERHUKFRIAE
B, FTHHE 2 K | B K B B K BRARTE L, X B SR 3h & M A, Bl IR o

21.1 FEEOBRBEREEFERBWRBETFZ— (EANEEHFEY, EF CO. B
FHT, BRBEAERBOLERTEGIER. FELHELAREER, SHBEEP COH
IR, B R BB RHREBE LR, DR AN EHERETE (Aizawa et al., 19845
Brown et al., 1987), ‘E{gff HCO; #7424 CO,0 #HBFEWFIH HCO5, EREEEHER]
F CO o #FBIFEAEIM NaHCO, RBA CO, S _fHk. FHEERE, RES
Sth#F CO,, HRAFAESK, BUEERERKZWEH, B2,

212 WMEBEINREZRRFVEERE  LRTEORFEFEA NO;(Mil'ko, 1962;
Grant, 1968; Borowitzka et al., 1988b), HEEAKIKE X 10 mmol/L, FHEEEMIEE
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1 BTHNEMNE Johneon's HREH

Tab. 1 Modified Johnson’s Medium for the cultured D. salina

[ 0.980 L A{BKh BT AMEHE (8

NaCl BN
MgCl, - 6H,0 1.5
MgSO0, - 7H,0 0.5
KCl 0.2
CaCl, - 2H,0 0.2
KNO, 1.0
NaHco, 0.043
KH,PO, 0.035
Fe-solution 10(ml)
Trace-element solution 10(ml)
Krp
@BHBE(E mg MAIL)

. Na,EDTA 189
FeCl, - 6H,0 244
DUBITREH(E mg MAIL)

H;BO, . 61.0
(NH,)Mo,0,, --4H,0 38.0
CuSO, - 5H,0 ) ) 6.0
CoCl, » 6H,0 5.1
ZnCl, 4.1
MnCl, - H,0 - 4.1

pH HHETWBI 7.5 4

B BRI R NERR, FRRERSERAGT, M@k E S, SRkt s
(Mil’ko, 1962), RYERZLINE f-#1% NEMR, BEEREFKBL”, BWMEANE
B4 RS EBLFET: (Borowitzka et al., 1988b), FIFIMBIRMEMHIE BRI
FEFFIEE, B HR AR B e 0K B K U R R R R O e, HRIMS TR, FEAH
HMEIFEN, RESE—RIIEMERES, SERI—EREwsIER KRBT
(Massyuk, 1966)c HKE % 1mmol/L 3 B p-H%¥ MERE R,

213 BEREEDEMTREARM AT FERER BREEHBEKE T OB
Fo —HKIE, 0.02—0.05g/L i KH,PO, %h# & & 8 & 18 B (Mclachlan, 1960;
Mil’ko, 1962)c HIKELAUBERETEINEI LR, MKE RN E AL EE TR, XMERE
R BRI A H B,

214 B4, EAMOEEILR  REEKBENESHE T, EAERAEEAH
RUME /AR AR E KK, 8 EETFRE, LRBEMN. SESERNSE FHEFRE
AUIERE, L AE 0.8—20.0 A=K B 7 (Mclachlan, 1960), CI7/SO;? L8 B2y hig A
KR G-H% MR E R, BHEKEE C17/S07 &Y 3.2 (Massyuk, 1965), A H
T -1 PREBBILLE Y 8.6, HETIN Y, FHE TRIBEE T3 #0384 K A ge e AEAR L0
o EXERBEHAFE,

215 HKEBMMETE  SEEETHADR BN SSONRENER T OEE,
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TEEhW] S BT SRR, SR RV BB A RBREIR T, SR THhBEEKN%IRE Y
1.25—3.75mg/L (Mil’ko, 1962), HIRERkMFIHEA K, BITEERZAY Johnson’s ¥
BEEFRh Fe-EDTA, Wi S% (Borowitzka et al., 1988b), ARGk
B =R BRI, U EAMHREERRRE, WETEYFH. KETEY
BERNERMATSER, ERERERSEMMETE, BRI E K IENE
FiE, M Zn,Co,Mn,Cu,Mo 25, »
2.2 pH{E  Zh¥EXT pH WER fEHRE, HHEBAERN p-AF FERRNEH pH E
A HERREE(D29 9) (Loeblich, 1982),
23 BE ARSROERE, HEREFEREARR, —K7ZE 20—40°C 2[E (Borowi-
tzka et al., 1981), {RiE, THEEBFZLETHRENWEIERK (Borowitzka, 1990), {H
THE A B BRIRARE, RE KA TE AR (Siegel et al., 1984); FHE BT
DS OEE, (HiEE 40°C Dl L #38RIEREB i (Borowitzka, 1990), {EHE
B2, @ADL AR SRS EN 40C L SR, BN 48.5°C tf 2h {iF —HEK
Fifo XEERNEKRE -HF MRS, EL6; & - FREDH, A2
BRNEERTT, HERERR. XEHARR f-F FEELNEERY HEHE SR

XN EHEERPYEW L, ARKERF ZRFEELER, RERRE — & 2 BIfF
ERBREELER, BERMERZ A A REBNEEER, B BiXS5ENTED R LR
Eo
24 JERFEMBAEF F-IIF FRPE—MLEEZRWETF  Loeblich (1982), Ben-
Amotz (1989) ERIELMAEFHEMBMA f-I1F PRINERM, FELREH, &
BOLAMEADS 30pE/(M? + 8), FLEIGIEMAIN 600 pE/(M? « )0 600 uE/(M? - S) LA
AR EBEERAR, BERT -HF FREFEREREBEENELT, R
3B, BAEME-HE FREERBE, ARBILIER g-HF FEVBENFEEERN, M
WERERSE X T
25 BEUWMIBEAMNTEGEER HENRBERETINXRR. KREEF T
BERER, HEAMEENFEN, RREOERTREDYTNE ERBEREEWNE
WL, ERROARNTHRBERER, ABALRAREE, BERA15% LK NaCl #
BERESRERE,
3 H%B-UP I ERKE

p-Hi% NREMEMLEY, 5FRA Colls, KO FHEMWME 2, EEK L -A%
FREINKENBHEROK ~ 8,210 17 273 ik, B THENEBE-, Uk
4 MRZITHINE, KRWIEF 20 #ZE G, Ben-Amotz £5(1982) REHE AP 6-
HE FRE 5 REE, B BHRESSENRER(~60%), L Hd 3 fiFiik, 5
IR RA - 15- R, (EENEREZP, HBEORER 6 Ml Ly s-tA% bR
FRE,ACHEHETEEHX 6 fiFwek; AR RRE, R HRERE, FAH
ERRAMEAIX -HF P REFRENRER™EZ W (Liv Jianguo et al., 1991,
1993b), HHBAH TERTERIARNFHEBERBHFEER, HiEs-HF MRR
BASBARAREET p-HF MESTERZE, MBEEHATHRN\SKEBMLRZAT (Ben-
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Amotz et al., 1988; Shaish et al., 1990),
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Fig. 2 The molecular structure of 8-carotene

B-HAE NEEGEATEANIEL, BR L —0F6-HF FRUERZSTFRHE LR
A; T p-#1E FRIAR BU AR RS EHNE mE, REREhHETISERNT
FAVE R, e AR O I & R R E AV 25 M R, RE R L5 A AHE,
4 HRNL-NAY P RBERERE

HERPWAY MREREERE -F FRAWE 90%); BREEFIE T —HEER
RERKES-HE ME,TMEAER «-HF P Ro EEERGT, RBREARN-HF I
B AEEATEN10% DL, XRXCENEELUN, XBENEEREAREETR
BERBEE, TEAERT - FEERNEG ISR ERE.GRE. ﬁ?ﬁ]ﬂig
F Tk RERTEUNBREYE., -F FRREBHRRAESEOEMN, 8BS
#n# 2 (Liu Jianguo et al., 1993a), H, ¥R f-H%F MEERBEENKRERT, B
BE) - PREMAR, RERREF—ERE, -HY NRARNBAFHR; HE
YRR, -HF FERREML,; XRS5 6-#A% bEA & L X (Ben-Amotz et al.,
1989),

%2 FEEFEANLENEHER, S-BF I RRAREARFHSSREE—RE
Tab. 2 Summary of the influence of various environmental factors on biomass productios,

gB-carotene and its total cis isomers content of cultured Dunaliclla salina

HHEET EYE B-HBE =1 T
HEMM - +b -=
B R 1% + (= ++
HEFSH -—— +++ ++
BWE RS - ++ +
AL T o+t o+ #
388 + +++++ ++
o3 R A - —_ -
BE LA + ++ +
5B P - - -
ER - #* #
S - - #
wE TR + 0 d#
ﬁﬁ + -+ 4
2K 8 ++ (+) 3
HE AR - (-)» #

+ R M — FRBRR D #ZRHEHR; 0 BTRRERR. 1) RRBERE; 2) RR¥s). -
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HES -HF PREFRBHYXRR. REMGE,. AlRK6-4F FEEREMS; /2
RBHERS MG THEEER, B EH - M EFERHFAR—ERE, 4k
HAERIREIE 22%—24%, "R 3 p-H% NERE™E (Borowitzka, 1990); %
AFRES AT HIEDE, HEFERT 15% WEEEERBRRR D, GHEmEE
BB KR, R RS I HRE, KN g- Y PERKEER (Massyuk, 1966), A%k
TERFUER A = I — ek, W AR 5 L o

B-% PRERBNRABEE R, MHEM I15% EEF25%, 4—5d N, B8R 6-
HE MNEEREREL VN 10mg 35X % 260mg; 7L%E 8- FREZEHF b
ROEWRES0% LR 90%; REXMF bR, o-WF FEMHER . REREAT
254k, (Borowitzka, 1990),

HERK, s-iA% PRERBENEFREEANEE, X—ARNKHEFESRE
7= 8-tAE PEREAR, AEMNNFEHRTZIIEERE T E %o

5 mEEHREEE
HBEN - FRAHFHCHERIMIR, HEMEFTE, HUTHREMFZEE, &
iﬁ:_‘ﬁ'f?ﬁﬁo

51 HFERTEMAL -HF bPRERNsI LY DESEESREE TN -HE &
ARPOFERR, BEXARNEN, ERHTERNTHRCSHEHR, Bkt 6-8%F b
REETANRA, MERBIHEMRARD, MFEHHAE, FALTHEE-HF b
RNRRRWEEL, s WHARRAERARIE, MAMEIER, BERERRE KR
HHAFEERE L

5.2 EIFIEAER A-HIF PERARKAFRENIRAER BRFANE &
HER T HARR—7, £ 0L, BINAER F 2R FEHLIER. UEMRSEDT
BINEIN T - S PR ERNEN, HRERAEFERE—EEE, W TFFA
PRSI BT R R A A-FF MR, AR R RHRAES, EEES
)

53 BBy Y FMRERWER  AMARBEUERNREESIZR R FEE
IR RS, + o, X IR PR X B R A ED, BB MERR RERAELETH 5.
RESEAERT-HF MREREYER, RERHRMERER, RERAETRITE
AR, BBENB—LKEYRBIAF, T RIREENT -51% bRRERORBHEERY, I
RATFER, BRELDEOER, EENNFERBIELT X—RE, HFE—P=%
BB,

5.4 f-#% FERNEDERBENEYARARE HAEURRLATCENS B S
fy - H1% bE, BELBEHRIE, XEHRNETER: (1) -#F PREDE R &
7, R EARIBE R ; ()4 Y & R EE, 1 512 PR & BOE K #oX Sl ik BR H (3)
P4 B-H1E FREFLEIR R, BRPEERHERERIE, BT PREARTH &K
AL BB E 2 g ig BUMAR, (B3 —5 AEEFEN f-8H2 bRER, X3
HAREREF, K, EQG)AEREER -HF M ESHEERN, HEEnZEHE
AT EFE(1),(2) 75 EEYH Fo
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55 p-itAF MERRARNRBEFNEX —BokE, B ER - FRNEXTE
BEF. REBE (DERXERE, iEMA; (@), 5utHl; GCOEXEERR
B3R Chla HHR; (DI 8-BE MR, UEER; CORAIHRARRE LS
g, @R (OMZEMEEAR Chla #Hif, M5IEHALAMERETHRSEH,
RAEFEHRAEE, S/E-FREN. EERFEZEHQ), HRBGIMEOCIERES,
1992),

£ % X ®

NEE.REIT,1992, £ BN R ENE BN AN EREN YRS ER R, U RN EEABKRHE(E), 247—
251,

Aasen, A. J,, Eimhjellen, K. E., Liaaen-Jensen, S., 1969, An extreme source of @-carotene, Acs, Chim
Scand., 23: 2544—2545,

Aizawa, K., Miyachi, S., 1984, Carbonic anhydrase located on the cell surface increases the affinity
for inorganic carbon in photo synthesis of Dunaliella tersioleccta, FEBS Lesz,, 173; 41— 44,

Ben-Amotz, A., Katz, A., Avron, M., 1982, Accumulation of 8-carotene in halotolerant algae: purifica-
tion and characterization of B-carotene-rich globules from Dunaliclla bardwil (Chlorophyceae),
J. Phycol., 18: 529—537,

Ben-Amotz, A., Lers, A., Avron, M., 1988, Stereoisomers of @B-carotene and phytoene in the alga Du-
naliella bardwil, Plant Physiol., 86: 1286—1291.

Ben-Amotz, A., Avron, M., 1989, The wavelength dependance of massive carotene synthesis in Dunali-
¢lla bardwil (Chlorophyceae), J. Physiol., 25: 175—178.

Borowitzka, L. J,, 1981, The microflora. Adaptations to life in extremely saline lakes, Hydrobiologia}
81: 33—46.

Borowitzka, L. J., Borowitzka, M. A., Moulton, T., 1984, Mass culture of Dunaliella: from laborato-
ry to pilot plant, Hydrobiologia, 116/117: 115—121.

Borowitzka, M. A., Borowitaka, L. J., 1988a, Dunaliella, In Micro-algal Biotechnology, ed. by Boro-
witzka, M. A., Borowitzka, L. J., Cambridge University Press (Cambridge), pp. 456—465.

Borowitzka, M. A., Borowitaka, L. J., 1988b, Limits to growth and carotenogenesis in laboratory and
large-scale outdoor cultures of Dunaliclla salina, In Algal Biotech. ed. by Stadler, T., Mollion, J.,
Verdus, M. G. et al., ed. Elsevier Applied Science (Barking), pp. 139—150,

Borowitzka, M. A., 1990, The mass culture of Dunaliella salina, In The First Asia Pacific Workship
on Culture and Utilization of Seaweed (Cebu City, Philippines), pp. 63—80.

Brown, A. D., Goyal, A., Larsen, H, et al., 1987, A salt sensitive mutant of Dunaliella tertiolecta, A
role of carbonic anhydrase, Microbiol., 147;: 309—314.

Ginzburg, M., 1987, Dunaliclla: a green alga adapted to salt, Adv. Bor. Res., 14: 93—183,

Grant, B. R., 1968, The effect of carbon dioxide concentration and buffer system on nitrate and nit-
rite assimilation by Dunaliclla tertiolecia, J. Gen. Microbiol., 54: 327—336.

Liu Jianguo, Wu Chaoyuan, 1991, Effect of salinity on accumulation of B-carotene isomers in Duna-
liella salina, J. Phycology, 21(3): 189.

Liu Jianguo, Wu Chaoyuan, Liu Haihang, 19932, An optimized model for the culture of Dunaliclls
salina, In The Second International Conference on the Marine Biology of the South China Sea
(Guangzhou, China), pp. 69.

Liu Jianguo, Wu Chaoyuan, Chen Nianhong, Wang Yujun, Yu Lidong, 1993b, Effects of nitrate and
phosphate on the accumulation of g-carotene isomers in Dwunaliclla salina, In The Second Inter-
national Conference on the Marine Biology of the South China Sea, (Guangzhou, China), pp. 70.

Loeblich, L. A., 1982, Photosynthesis and pigments influenced by light intensity and salinity in the
halophile Dunaliclla salina (Chlorophyta) J. Mar, Biol. Ass. U. K., 62;: 493—508,

Massyuk, N. P,, 1965, Effect of Na, Mg, Cl and SO, irons oo growth reproduction and carotene pro-
duction in Dunaliella salina Teod., Ukr. Bot. Zh., 22; 3—11.

Massyuk, N, P., 1966, Mass culiure of carotene containing alga Dunaliella salina Teod., Ukr. Bo:.
Zh., 23; 12—19.

Mclachlan, J., 1960. The culture of Dunaliclla t¢riiolecta Butchera euryhaline organis m, Carn., J. M-



330 5 # 5 #@W # 26 &

crobiol. 6: 367—375.

Mil’ko, E. S., 1962, Study of requirement of two Dunaliclla spp. in mineral and organic components
of the medium, Moscow Univ. Vser. Biol. 6: 21—23.

Shaish, A., Avron, M., Ben-Amotz, A., 1990 Effect of inhibitors on the formation of stereoisomers in
the biosynthesis of S8-carotene in Dunaliella bardwil, Plant Cell Physiol., 31: 689—696.

Siegel, B. Z., Siegel, S. M., Speitel, T. et al., 1984, Brine organisms and the question of habitat-spe-
cific adaptation, Origins of Lifeb, 14: 757—770.

A STUDY REVIEW OF DUNALIELLA SALINA AND
ITS B-CAROTENE

Liu Jianguo, Wu Chaoyuan
(Institute of Oceanology, Academia Sinica, Qingdao 266071)

ABSTRACT

As fg-carotene, the precursor of vitamin A, can improve eyesight at night, pro-
vide nutrition for the skin, has potential anti-cancer and antiageing functions, and
can reduce the incidence of cardiovascular diseases, it (natural @-carotene especially)
is now in great demand.

The culture of Dunaliella salina for producing f-carotene as a hot research area
in micro-algal biology, was detailedly studied in the past decade and will be great-
ly developed in the 1990’s and the next century.

The studies covered 1) the biology and culture of D. salina, to 2) p-carotene
isomers, and 3) the physiology of g-carotene accumulation. This paper points out
some existing problems_and future potential research fields to include (1) kinetics
of p-carotene formation induced by changing environmental factors, (2) establishment
of optimized models for cell growth, for producing pg-carotene and its cis isomers,
(3) effects of phytohormones and plant growth regulators (especially ABA and the
other growth inhibitors) on g-carotene accumulation, (4) p-carotene biosynthetic pa-
thways and their key enzymes, and (5) the physiological functions of g-carotene ac-
cumulation.

Key words Dunaliella salina g-carotene Isomer



