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Tab.1 Experimental design

B R & Eh 1 7" halophilic archaea”
Artemia culture
salinit 100Haa 150Haa 100Hfx 150Hfx 100Hrm150Hrm
y
30 + + + + + +
100 + - + 7 . _
150 - + — + _ +

T CrER R MR E 100(100Haa, 100Hfx, 100Hrm) Ak Ji
150(150Haa, 150Hfx, 150Hrm) F 5539 Haloarcula sp. HG-1.
Haloferax sp. KN-4 fil Halorubrum sp. IT-5. “+”3/R#MHH,
COFORARMEN T, PO AR B, (H PRI YRR
Note: "halophilic archaea is Haloarcula sp. HG-1 (Haa), Haloferax
sp. KN-4 (Hfx) and Halorubrum sp. IT-5 (Hrm) cultured at salinity
100 (100Haa, 100Hfx, 100Hrm) and 150 (150Haa, 150Hfx,
150Hrm). “+” represented the experimental groups that Artemia
were fed with halophilic archaea; “—” represented no halophilic
archaea feeding. Challenge test groups were fed with Vibrio an-
guillarum.

fEEEFR B 100 FIELE 150, BN R CM
Ke e 3k, B o KR R S AH R R B, TR /K i T
HEH (7.5 g/L) BRI (10 g/L), % pH
72~74, HEEMEN 1% (VWV), 7£ 37°CHI
150 r/min F 535, 45 24 hiE ODgoo nm 25 HIHE
ARk
14 ZEHHRZNEISEIE

B 0.1 g KER I pa HBH T IO 208 T, A
25 mL JTCHZEWKKSE 1 h J&5, AT
330 uL 30% NaOH+6 mL NaClO (%5 =10%)
HEATIEAE o foF o1 LB €8 PR A 8 S K T 6, B
2 EigLan, R LR BHEMA 6 mL 1%
NayS,03 WLk . B HZ 0.22 pm [t &
AOERBE 30 K1 1< 7K (filtered and autoclaved brine
water, FABW)IEIR N5, ~F5#%3 3 T
WEDE™, 25N A 35 mL 1 30 FABW, Ji
e B HI e R E b, B 40 v/min, WEALIEEE
28°C, HOBIT/ERIEIE ., 18~20 h 54 20 H 1 4
i UG A AR RS 454 30 mL FABW 1) 50 mL
PeR . DA b S u B 2 B 7 OK T, #REi
FRLRIUE A% TC A o

Bl RGN BRI R A
LA A7 AR, SE0 2R G0 AL 06 B /E R B /Y C
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100 A1 150) CM &4 K 37 3 A R 36 ik 6 1A
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EREEAH IR FABW PRI ELO 3 K, HBTEE T
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CFU/mL (5 5o ik = [ AR e ) THAA, Bl T &
TFIRH FABW Fi B2 ODeoo nm THZ 0.8 Ziti, ¥4
RS B R B 35 0 o A R o, SRS 107
CFU/(mL-d). B 335 5% 5504 W] pa 0P s A 2% 4,
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AR 5T SR 988 5 TR B ok ot 8% PR oy BT 19 i L
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Growth of three archaea strains at salinity 150(a) and 100(b)
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RT3 2 5 (P>0.05), [HICHE &R K duff
T I AR T AR A )0 AT H6(P<0.05) o R I
BRI, EhEE 30 AR NHMREREE 150 KR
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150Hrm #1 100Haa . 100Hfx £ % i & K
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150Hrm Al E, #ME 150Haa 41 5 B A fe A7
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TE1E 2 /% survival rate

i

oL, ¥, AR ER . ,
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K /mm length

wE N 37.5%, K&K N 1.09 mm; 5 150Haa
H1150Hrm ZHAH L, 150Hfx 41 < gt 77 1% SR B i
45%, KKK 1.08 mm,
23 EE 10 &G THEXKAFE. £KMHR
2 3 B Y R M1

ERFE 100 Z50F T, BMEEREE 100 K75 A0 15 1,
3 R PR e H A R R 8 B R T 1) 5 ) €]
3R RIS, Frfr SEu 4 ) pi A7 TG 5
TC b % 2% 5 (P>0.05); Haa A diiAK BEK T
Hrm Z1(P<0.05) MEE 5T, e 3 BRb T o
() 7 1% 28 34 1 2 T A% 9N B X R 4 (P<0.05),
Hs T ARYCEAH ) A%, Haa ARKEERK
FH AL (P<0.05) TCIBTE LR SUAR M RE R F T,
5 Hix fl Hrm gHAH [, Haa 2H < 3 B i ff
TR AR KA, Hrh Haa Beas2H )0 U716 R i
=, N 86.3%, KKK, 4 0.917 mm,

[ K¥(F without challenge _

12 ~ EIBF challenge n=4; SE
2 bcé be cB bcé ab B
R B 7 M e S
E O B %

0.8 ||~ )

0.4

150Haa 150Hfx 150Hrm 100Haa 100Hfx 100Hrm Control
285 group

B2 ERIE 30 20T 3 MRl B0 i RAAE L AR A RN I p SR (5 )

ARG F R R IR R BORE AT 4% 20 31 8] 22 57 1 35 (P<0.05), AR KRS FEEFRIR TR ST T 25 415 6] 22 5 1.3 (P<0.05).
Fig. 2 Survival rate, growth and Mibrio anguillarum challenge resistance of Artemia fed with three archaea strains at salinity 30
Different lowercase letters represent significant difference among the unchallenged groups (P<0.05). Different capital letters
represent significant difference among the challenged groups (P<0.05).
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L=E) Wesl Rk Al
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(P>0.05); Haa 41 H &K & K FH A4 (P<
0.05), EEARMFT, ML 3 MRy B4 i U7 1
I 2 R AN X HRZH (P<0.05); 3 By TR 2H 1
K IF TR EZEF(P>0.05), {H 3 Bl T pa

HAFE AR Y & FHAR TG, ek
WEAET, 5 Hix f1 Hrm 4481, Haa 2 % HUER
BARKMAEK, 705914 0.932 mm f10.812 mm; I
FEAMT, 5 Hix I Hrm 4 AH E, Haa 41k di B
TR 85%.

3 it

KRBT B AR AT 2 ik 90t
IR BT 40 T RE A N SMB B T 22 0 R TR L
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) O RHH: without challenge
100 ¢ ;; ﬁ%ﬁ 311;111:;1: challenge Lo % I;’t%‘;ibclzlclenge - n=4; %+SE
=4; x+SE ] A C
: %é s 0 2 Y &
2 60t / 8 06 .- L
: ; E e
K401 | S 04 L. .
£ |7 £ | b
& 207 ::/ c 0.2 ::/« :j/f / /
Haa Hfx Hrm control Haa Hfx Hrm control
203 group 45! group

A 3

HRIE 100 Z80F R oh TO6F pa HUFAR | A ORI 8 B R ) 52 i

ARG FBE R IR R BORE ST 4% 20 31 8] 22 57 1 35 (P<0.05), AR KRS TR FRIR T 55T T 25 41 5 6] 22 57 1.3 (P<0.05).

Fig. 3

Survival, growth and Vibrio anguillarum challenge resistance of Artemia when fed three archaea strains at salinity 100

Different lowercase letters represent significant difference among the unchallenged groups (P<0.05). Different capital letters
represent significant difference among the challenged groups (P<0.05).

[ R BF: without challenge
==
100 f[ﬁ;: challenge n=4; %SE
A
2 e e
E %0 T
§ 60 .
B L
& 40 K
gﬁé
2 B
. 7
0 - 0 ° - .
Haa Hfx Hrm control
2151 group

[ ARZE: without challenge
I challenge n=4; TSE
A A A
a [ ] [
o 08 T b b B
o L i
& .
O .
F 06r I p |
31\4 0.4 ’
€ 0.2
o L L. .
Haa Hfx Hrm control
245 group

Bl 4 $REE 150 Z0F Tl GO o HUfei | A ORI SR R Y 52 1)

ARG FBE R IR R BORE AT 4% 20 3 8] 22 57 1 35 (P<0.05), AR KRS TR RN T 55T T 25 41 5 6] 22 5 1.3 (P<0.05).
Fig. 4 Survival, growth and Vibrio anguillarum challenge resistance of Artemia when fed three archaea strains at salinity 150
Different lowercase letters represent significant difference among the unchallenged groups (P<0.05). Different capital
letters represent significant difference among the challenged groups (P<0.05).

ABFFEFTRNE 3 MRl w450 8 B H IR 3 1
KKGEREE 270), 904k, 3 Bl A 7E B
150 &0 F R4, 4 100 2414 F, Halo-
arcula sp. HG-1 Fil Haloferax sp. KN-4 4= KR I 3¢
I, 1M Haloferax sp. KN-4 4= K It Haloarcula sp.
HG-1 #f, X5 Oren!"" 1% $& i 4 rp i 5 45 B4
(Haloferax mediterranei) £ J¥ it £ & & 46 v Holy
B I 96 92 12 KR B (60~300) M4 . Cui 251
WF 5% & 3 7 1 £5 21 14 (Halorubrum litoreum  sp.
nov.) A K Eh E /AN 117, A5 RIAE & 3
Halorubrum sp. IT-5 7EEh & 100 Z50F T A K 2818 .
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bl — A2, ATHERAT IS UE Y

tE EhZ MR R, IR TR —E 57
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Situmorang 25 121F I 2 4 2 4t #7511 % F fi1 (Oreo-
chromis niloticus) 2 i , 3 H & 78 48 K W
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T2 Mg (PHB) 3R b g Ho AT {2 i & f0 4 i A= KT
PREHAFIE R, Baruah 57Nl i 76 % B R 48
r $5% W K #F 14 (Escherichia coli)a pi H Hu ik 5
I (Hsp70), HEFIPIRIEIER Hsp70 AMBA] Ry i
RO LS TR SE LA, T LR I R i O
YR (Vibrio campbel lin) B 4EHT J1 . 41 %) &k
Bl 5 U AR YRR O R AR
HERE ! B S HR A B R G
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), o T RE AR M — 1 W e e R AR A
THAE o A SCGE 3k -y AR S RGNS K
B, AL, w3 AR E R SR AR, YL
b AR SR T AR U0 B A B FRAUAETE 3~4 dT))
PR 3 Rt R A A PR AT, A Hal-
oarcula sp. HG-1., Haloferax sp. KN-4 #1 Halo-
rubrum sp. IT-5 7EAS[R)ER B 4514 T BT /R pa
PIME— YRR, S HPRAEE IR A K

R — RT3 RRIEER T A AR R TR pi
ARKMVER, AW AR E R EEHN
AR MR g RO TR HAE K 22 5, 455 LT 3 MRl
PRORT b7 R A RN 3 s i A BT AR TR) o R B 30 2%
T, HMRERRE 100 £55%1% Halorubrum sp. I1T-5
Hopd HUAF G R e, I 150 Kk
Haloarcula sp. HG-1 41 HUARK 1< i HL7EER
BE 100 FIEREE 150 4500, HOMAH N 3 B B 3R 1
Haloarcula sp. HG-1 41 #FEA f s 47306 R A K
K. mEME T B WA MRS N R
BTNtz . FRERIURRZSE . DURRmERE, JRFRHE
THRERS), X BT b A L . BB ERT
e ARG B EZAE . AR gk v 4 i
A 1 B 28 o 2 S A P o 3 g 43 )
AR 2Pt F, 40 Haloferax mediter-
ranei 4P AT A BRI RIE T RBE PHBY, qiijrg
#h /N & el I (Haloarcula sp.) Al 7™ il 4h 22 4
S DRI 3 R ER T TR A A AR KA
22 5088 S5 Bk 40 il o AN R 56 .

A FE R FH 2B A 2R GE b 58 N [) 3 B % g U7
WRMARK A, K EEREE (100 F1 150) FZ&
A= 0 HAE I R AR A YR B AR R B (30) 41 51 .
Nougué ZPVE#E & 2% 2L i W AE AR ER BR B rh /k
FEAFTAT . BAR o B S B3 R R4,
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PR b v R B BR i i R AE R AR B
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KN-4 A fiff i A ELAT S o P s ol o B gL i ) o #E 3k
J& 100 FIEEFE 150 RYZAESLE R 1F T, BOMEAH N
b 55519 Haloarcula sp. HG-1 A AE i K R
PR pg A, I ) (i H T 8 IR R ) 15 3 d
KEESE . AWF5T 3 B RE 5L T BN BB AE S 1 HLME
— Y, T ELAE R i X 6 i p JER Y 1 HE L R
I3 o AR TR B A R0E IR U M H T 8 SR T AL ] 4
A Fift—E 5
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Comparison of three halophilic archaea on growth and Vibrio anguil-
larum challenge resistance of Artemia under gnotobiotic conditions

WANG Shanyue'?, LIAN Xiuwen"?, NA Jingyang' 2, SUN Peigi" %, HAN Xuekai'?, SUI Liying'"?

1. Asian Regional Artemia Reference Center, Tianjin University of Science and Technology, Tianjin 300457, China;
2. Tianjin Key Laboratory of Marine Resources and Chemistry, College of Marine and Environment, Tianjin Univer-
sity of Science and Technology, Tianjin 300457, China

Abstract: Halophilic archaea inhabit hypersaline environments and are an important component of microbial
communities. High salt concentration enable archaea cells accumulating bioactive compounds with unique mo-
lecular structure and biochemical functions. Therefore, archaea are also important resources for commercial ap-
plication. As a non-selective filter feeder, Artemia plays an important role in the food chains of hypersaline envi-
ronments, even though the high salinity of such environments limits the complexity of the food web. It is well
known that Artemia populations are supported by rich phytoplankton communities. Recently, the important role of
microbiota in the life cycle of Artemia and in hypersaline food chain has drawn much interest. The present study
focused on archaea, which are important but often neglected microorganisms that comprise the third domain of life.
Their cells contain ether-linked membrane lipids, instead of the ester-lipids found in bacterial and eukaryotic cells.
Archaea are considered unsuitable as a food resource for aquatic animals, since the ether-linked lipids are difficult
to digest and do not provide the essential fatty acids needed to support animal growth and survival.

Three red halophilic archaea strains (Haloarcula sp. HG-1, Haloferax sp. KN-4, and Halorubrum sp. 1T-5)
were isolated from a crystallization pond of a solar saltworks. The gnotobiotic Artemia culture system was used to
determine whether Artemia can survive on a sole diet of halophilic archaea and to investigate the effect of halo-
philic archaea on Artemia survival, growth, and resistance to Vibrio anguillarum at different salinities (30, 100,
and 150, respectively). The archaea cells were cultured at 100 and 150, with modified CM medium. All three
halophilic archaea strains grew faster at 150, and under the condition of salinity 100, the growth of Haloarcula sp.
HG-1 and Haloferax sp. KN-4 is better than that of Halorubrum sp. IT-5.

The Artemia that were fed the three archaeal strains exhibited higher survival rates and body lengths when
cultured at salinity 30 than when cultured at salinity 100 or salinity 150. The greatest survival rate was observed
when the Artemia were fed Halorubrum sp. IT-5 at salinity 100, whereas the greatest body length was observed
when the Artemia were fed Haloarcula sp. HG-1 at salinity 100. When challenged with V. anguillarum, the sur-
vival rate of all groups decreased, but the greatest survival rate and body length were observed when the Artemia
were fed Haloferax sp. KN-4. At salinity 100 and 150, all the Artemia groups exhibited high rates of survival and
growth. However, the V. Anguillarum-challenged Artemia generally exhibited greater survival rates and body
lengths than the unchallenged groups, thereby indicating that the virulence of V. anguillarum decreased at high
salinity and the cells could be ingested as food by Artemia.

In conclusion, using a gnotobiotic Artemia-archaea experimental system, the present study provides evidence
that Artemia can survive and grow on a sole diet of halophilic archaea over a wide range of salinities (30—150). In
addition, halophilic archaea can improve Artemia survival and resistance against V. anguillarum, a pathogen that
frequently occurs in marine aquaculture systems. These results provide a basis for investigating the role of archaca
in the food chains of hypersaline environments.
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