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Abstract In Antarctic the geography and clinate differs fran those i other places
and the bacteria there have adapted well to the environment there Two hundred
strains of bacteria were isolated fran the sea ice n Antarctica The bacteria were
screened forDHA bymeans of GG, w ith fish oil as the standard Seven strains contar
ning DHA or EPA were obtained anong which the stran of No N-6 was outstand-
ng And the canponent of DHA was identified by GCMS The relative content of
DHA mN-6was8 7%, and total lipids i dry bacteriawas 22 5&%. The effects of
sane factors ncliding tanperature salinity and pH value on the grow th and DHA -
content of strain N-6 were studied The results show that the DHA -content is relative-
lv highwhen i low tanperature and high pH, and the bacterim is psychwophilic ak
kalophilic
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1 Introduction

Polyunsaturated fatty acids (PUFA's) have remamed as a natural product due to the
synthetic difficulty of reproducing the methylene mterrupted double bond sequence by n-
dustrial chem istry Their significance to anmmals and humans lies n their biological activr
ty as precursors for groups of nutritionally mportant canpounds and as essential cellular
canponents(M eyer et al 1999). Interest n the production of PUFA's especially DHA and
EPA, fran altemative sources for use m aquaculure feeds and hunan health supplenents
has fuelled recent research into themolecular biology of PUFA production in sea ice m icro-
organ ign s(M ock and K roon 20023 b).

In order to colonize habitats of extranely low temperatures Antarctic m icroorganisns
have developed outstand ng molecu lar adaptations at the ultrastructural and m etabolic levels
(Russel 1990 Russel and Fukunaga 1990 Gounot 1991, Armpigny et al 1994 Feller et
al 1996). PUFA mmaeanbrane lipids is conceming acclan atory of adaptational changes of
psychrophiles n response to low anbient tanperatures(H azel 1989 Hazel 1995 Cossins
and M acdonald 1989 Tasaka et al 1996 Suutariet al 1997). An mncreased proportion

of DHA helps tomamtamn the static order and dynam ic properties ofm enbraneswhich is vir



56 Zhang Botao et al

tal for the function of cells and whole organisns In the study several strains of bacteria
containing DHA were obtained and N-6 was the pran ment It is awellrknown fact that fat-
ty acids canposition by m icroorganisn s is greatly mfluenced by physical factors such as pH,
tam perature and by others factors such asmedia canposition( Suzukiet al 199% N ichols
DS M M eekin et al 1994). The effects of same factors mncliding salnity temperature
and pH value on the grow th and DHA -content of strain N-6 were studied The results show
that the DHA -content is relatively high when in high salnity low temperature and high
pH. W ith the merit of fast grow th and high production of DHA at low temperatures N-6
and its DHA m ight be potentially used n food ndustries mn future

2 M aterials and M ethods
2. 1 Culture conditions and harvest

Two hundred strains of bacteriaw ere isolated fran the sea ice in A ntarctica ( 68°30'F,
65000;5) during the 19th Antarctic Scientific Expedition of China ( 2001- 2002), all of
which were conserved m the Key Laboratory ofM arine B jo-active Substances State O ceanic
A dm mistration China

The bacteria were cultured in 2216E sea water medim ( ZoBell 1946) at 8 C w ith
shak mg at 100 rpm. The cultured cellmasswas collected by centrifugation at 8000 rpm for
10m i then washed w ith distilled water and centrifuged for o tines and lyophilizated fr

nally

2.2 Preparation of fatty acid methyl esters and lpiwd extraction

Fatty acdmethyl esters (FAME) were produced by direct transesterification of cellbr
anass( D ionisiet al 1999). Theweighed dry cellmass (40 mg) were added to sealed test
tubes contaming SmICHCE M eOH HCI1(1:10: 1, v/v/v), filledw ith pure N, and heat
ed at75 C for1 h A fter cooling 5m ldistilled waterw as added and FAM E w ere extracted
with 1 m | hexane

Total solvent extract of canplex lipids were produced by the modified Bligh and Dyer
extraction m ethod( B ligh and Dyer 1959 W hite DC et al 1979).

2. 3 Instrument analysis

Analyses of FAME w ere perfom ed using 6890N GC and 5973N M S equipped w ith HP-
S5MS 30m xQ 25mm ID XQ 25 Pm capillary cohmn flane ionization detector ( FID)
and N ISI. N itrogen w as used as the carrier gas The retention tine of the canponents fran
all sanples were canpared w ith that ofm ethyl esters of DHA i fish o1] the known stand-
ards Identification of DHA was achieved by canparison to that n N ISI. Operating condr
tions were listed as follow ng The sanpleswere injected at 250 C, and the oven was tam-
perature-progranmed fran 50 C to 250 'C with the speed of 25 C /m in  then mamntamned
for 7mmn
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2.4 Effect on grawth rate and DHA content of tanperatures pH and salinity

In the experment of tanperatures N-6 was cultured n 2216E seawatermedum ( in-
oculated w ith 5% of moculm) at0 C, 5C, 10C, 15°C, 20 C and 25 C with sha-
king at 100 rpm for 96 h

In the experment of pH, N-6 was cultured n 2216E sea water medim ( mnoculated
with $o of moculim) with differentpH, S Q €6 Q 7Q 735 and &8 Q with shaking at
100 rpm for 96 h

In the experment of salinity N-6 was cultured m 2216E seawatermedim ( nocula-
ted with 5% of moculim) with different salnity 1/2 folds salinity of seawater 3/4 folds
salmnity of seawater 1 folds salmity of seawater 3/2 folds salmity of seaw ater and 2 folds sa-
Inity of seawater with shaking at 100 pm for 96 h

A llmedia canponents used w ere of highest purity grade available canm ercially m Chr
na

3 Results
3. 1 Analysis on fatty acids and Identification of DHA

Seven strains contaning DHA or EPA were obtamed among which the outstand ing
contaning DHA, was recorded asN— 6 (Tah 1). InFig L the peak at 12 615m mn ought
to bemethyl ester of DHA canpared w ith the retaming tme of the known DHA m ethy lester
n Fig 2 and its relative content in the total lipidswas 8 7% . The result of total solvent
extract showed that the total lipids n dry bacteria of n-6 was 22 54%

Tahle 1 Relative contents of DHA and EPA i 7 strams of Antarctic bacterife

o ) Strain
Lipid acud
N4 N-6 12-3 262 18 82 17-1
DHA content — 8 72 — . 55 — — Q54
EPA content Q0 24 — L 68 — Q 25 Q0 68 Q 56

Note “—"meas the content of EPA or DHA is extrenely low ( orw ithout EPA and DHA).
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Fig 1 GC chat of fatty acd methyl ester of No N-6

. Fig 2 GC chat of fish oil fatty acids methyl ester
bacterim

The canponent of DHA was identified with 5973N M'S by canparison w ith known
standards using N ISI.  The partialM S spectrum is shown m Fig 3
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3.2 Effect on grawth rate and DHA content of tanperatures pH and salinity

The grow th curve were protracted w ith DHA percentage and ODsq, as y-axis with ten-
peraturg pH and salinity asx-axis respectively (Fig 4- 6).
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4 Discussion

Cold-adapted m icroorganisns are generally understood to achieve their physiological
and ecological successes n cold environm ents as a result of unique features n their protens
and m enbranes and their genetic responses to them al shifts( Jody 2002). PUFA -producing
taxa are generally characterised by canbined psychrophilic and halophilic grow th and con-
tain further fatty acid canponents of sufficient novelty to act as qualitative biam atkers and
specific fatty acids may be used as ndicators of PUFA -producing bacteria n environmental
sanples(N ichols et al 2001). This ability even was proposed as functional genes for the
phylogeny ofm arine bacteria( Russell and N ichols 1999).

The optinal temperature forN-6 is around 10 C, and N-6 can grow well in the appre-
ciably alkalimedia and the DHA -content is relatively high suggesting thatN -6 is the psy-
chrophilic and alkalophilic The percentage of DHA decreased m arkedly at grow th tem pera-
tures above the optmal region indicating that DHA may play a critical role m the modu la-
tion of meanbrane fluidity and lipid phase at lower grow th tenperatures than the optmal re-
gion O ther bacteria and yeasts had been reported to contain an mncreasing proportion of un-
saturated fatty acids as the grow th tanperature decreases( Russell et al 1995 Berry and



Screening on DHA -producing A ntarctic bacteria N — 6 and its cultural conditions 59

Foeged ng 1997).

A's fish oil fails to meet the mcreasing denand for purified DHA, altemative sources
are being soughl and sane m icroalgae contaming DHA were screened (W en and Chen
2003 Xuetal 2004 Xuetal 2001). But there are sane Il itations n cultivation on a
large scale mcliding sunlight growth rate etc, all of which can be easily solved w ith
the psychrophilic N-6 if culured m chemostat at a low temperature and the advantage of
running the bioreaction at low temperature is avoid ng the risk of contan mation by otherm r
croorganisns The purpose of this study on Screening DHA -producing Antarctic bacteria is
very cheerfu] and much more of their talents w ill be exploited n future
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