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Abstract: [Objective] The present study screened the halophilic archaeal strains with flocculation effect
and evaluated the flocculation effect of the fermentation liquid, fermentation supernatant, cell suspension,
and extracellular polymeric substances of the strains, aiming to develop the microbial flocculants that
can adapt to a wide range of salinity and pH for high-salt wastewater treatment. [Methods] The pure
culture method was designed to isolate halophilic archaea from the sediment samples of Uyong Brac salt
lake in Xinjiang. The 16S rRNA gene sequencing and phylogenetic analysis were performed to evaluate
the taxonomic positions of the isolated strains. Furthermore, the flocculation effects of the fermentation
liquid, fermentation supernatant, cell suspension, and extracellular polymeric substances of the strains
were evaluated. The flocculation stability was evaluated under a wide range of salinity and pH conditions.
[Results] A total of 28 strains of halophilic archaea were isolated by pure culture method, among which
16 strains were selected based on the primary screening results. The 16S rRNA sequences and
phylogenetic tree suggested that these strains mainly belonged to Natrinema, Halopiger, and
Haloterrigena. The fermentation liquid, fermentation supernatant, cell suspension, and extracellular
polymeric substances of strains A279-1, A133, RP33, NGA0064, RM-152, and A389 had better
flocculation effects than those of other strains. The fermentation liquid and supernatant of strain A389
showcased the flocculation rates reaching 61.06% and 67.92%, respectively. The cell suspensions of all
the strains had the flocculation rates over 80%. The extracellular polymeric substances produced by
strain RM-152 had the highest flocculation rate of 89.86%, followed by those of strain A389 (81.53%).
Strain A389 had the yield of 12.53 g/L of extracellular polymeric substances and it adapted to a wide
range of salinity and pH. [Conclusion] There were abundant halophilic archaea in the sediment of Uyong
Brac salt lake. The fermentation liquid, fermentation supernatant, cell suspension, and extracellular
polymeric substances of halophilic archaea had good flocculation effect. In particular, the extracellular
polymeric substances demonstrated good flocculation effect and could withstand a wide range of salinity

and pH, being suitable for further industrial recycling and utilization. The isolated strains may serve the
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subsequent development of functional materials for industrial high-salt wastewater treatment.

Keywords: halophilic archaea; flocculation; high-salt wastewater; community composition; extracellular

polymeric substances
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Figure 1 Initial screening of potential ability of flocculation. C: the blank control group of fermentation
liquid; A978: the negative control group of flocculation properties of fermentation liquid by strain A978;
RM-149, AT-11, A714, A699, A133, A266-1, A774, RM-2, RM-152, A829, RP-56, RP-33, A279-1,
NGAO0064, A389, RM-13: the positive group of flocculation properties of fermentation liquid by strains
RM-149, AT-11, A714, A699, Al133, A266-1, A774, RM-2, RM-152, A829, RP-56, RP-33, A279-1,
NGA0064, A389 and RM-13.

£1 HS. REEBAE. 16S rRNA EFEMER EI18 NCBI 5515
Table 1 Strains, the closest type strains with the highest 16S rRNA gene sequence similarities and their
NCBI accession numbers

GenBank accession GenBank accession
Strain No. number of the Closest homolog number of the Similarity/%

isolated strains closest strain
A279-1 ON394502 Natrinema altunense CGMCC 1.37317 AB663460 97.11
A389 ON394504 Natrinema altunense CGMCC 1.37317 AB663460 97.83
A774 ON394496 Natrinema salaciae CECT 81727 AB935413 97.80
A266-1 ON394494 Natrinema soli LMG 292477 KY381123 98.09
RP56 ON394490 Natrinema soli LMG 29247" KY381123 98.51
RP-33 ON394501 Haloterrigena salifodinae CGMCC 1.12284" AB935410 98.02
RM-149 ON394499 Haloterrigena salifodinae CGMCC 1.12284" AB935410 97.88
RM-152 ON394500 Haloterrigena salifodinae CGMCC 1.12284" AB935410 97.95
RM-13 ON394492 Haloterrigena salina CGMCC 1.62037 AB663448 97.91
AT-11 ON394498 Haloterrigena salina CGMCC 1.62037 AB663448 97.97
NGA0064 ON394503 Haloterrigena salina CGMCC 1.6203" AB663448 95.77
A829 ON394489 Haloterrigena turkmenica DSM 55117 AB004878 98.86
A714 ON394495 Haloterrigena turkmenica DSM 55117 AB004878 98.66
RM-2 ON394497 Haloterrigena turkmenica DSM 55117 AB004878 99.16
A699 ON394491 Haloterrigena turkmenica DSM 55117 AB004878 98.94
A133 ON394493 Halopiger xanaduensis CGMCC 1.63797 AB477974 98.58

P4 actamicro@im.ac.cn, & 010-64807516
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Natronorubrum bangense JCM 10635" (AB663474)
E Natronolimnobius baerhuensis JCM 122537 (AB663471)
Haloterrigena dagingensis CGMCC 1.8909" (AB663442)
A829 (ON394489)
Haloterrigena turkmenica DSM 55117 (AB004878)
84lr A714 (ON394495)
RM-2 (ON394497)
A699 (ON394491)
NGA0064 (ON394503)
Haloterrigena salifodinae CGMCC 1.16114" (MG097861)
Haloterrigena salina CGMCC 1.6203" (AB663448)

Haloterrigena turkmenica

S S

76 Haloterrigena sp., OTU4

AT-11 (ON394498) A . o
Haloterrigena gelatinilytica SYSU A558-1" (MT809061) \/ Haloterrigena gelatinilytica
RM-13 (ON394492) M
| RM-149 (ON394499) | Haloterrigena sp., OTUS
RP-33 (ON394501) '

RM-152 (ON394500)
99¢ — Natrinema longum CGMCC 1.5334" (AB477225)
Natrinema ejinorense CGMCC 1.6202" (AB477229)
Natrinema salaciae CECT 8172" (AB935413)
A774 (ON394496)
Natrinema soli LMG 29247" (KY381123)
A266-1 (ON394494)
75 RP-56 (ON394490)
L_| Natrinema thermotolerans ATCC 700275" (AF115478)
— Haloterrigena jeotgali CECT 7218" (EF077633)
Natrinema pellirubrum DSM1 56247 (AB477231)
99 Natrinema saccharevitans CGMCC 1.3730" (AB663447)
98" Natrinema mahii BCRC 9101517 (K'Y349160)
A389 (ON394504) Y Natrinema sp., OTUI
99% A279-1 (ON394502) v
Natrinema versiforme CGMCC 1.2365" (AB023426)
Natrinema gari BCC 24370" (AB289741)
77& Natrinema pallidum DSM 15623" (AB477230)
70% Natrinema altunense CGMCC 1.37317 (AB663460)
&L— Natrinema hispanicum ATCC BAA 13107 (AB663443)
Natrinema limicola CGMCC 1.5333" (AB477224)
— Natrinema salifodinae CGMCC 1.12284" (AB935410)

Natrinema sp., OTU3

Natrinema sp., OTU2

<> <>

—e —— Halopiger goleamassiliensis DSM 27562" (KC430940)
Halopiger xanaduensis CGMCC 1.6379" (AB477974)
981 — Halopiger aswanensis DSM 131517 (AF333759) A )
A133 (ON394493) v Halopiger sp., OTU6

Halopiger thermotolerans KCTC 4248 (AB844674)
Natrialba asiatica JCM 9576 (AB663455)
Natronobacterium gregoryi JCM 8860" (AB663467)
Halopiger djelfamassiliensis DSM 27506" (KC430939)

Halobiforma haloterrestris JCM 116277 (AB663434)

Halostagnicola larsenii JCM 13463 (AB663441)
Halovivax asiaticus JCM 14624" (AB663452)

Natronococcus occultus JCM 8859" (AB663470)

Halobacterium salinarum JCM 8978 (AB663362)

—
0.0100

2 BEFEBEZBRYRMERELE 16S rRNA EERFAE ML #

Figure 2 Maximum-likelihood phylogenetic tree based on 16S rRNA gene sequences of halophilic archaea
with potential flocculation effect. Numbers at nodes indicate levels of bootstrap support based on a
maximum-likelihood analysis of 1 000 resampled datasets, only values >70% were given. Full circles
indicate branches that also were recovered in the neighbour-joining, maximum-parsimony and
maximume-likelihood trees. Bars: 1 substitution per 1 000 nucleotide positions; OTU: operational taxonomic
unit.
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Haloterrigena salifodinae ) 16S TRNA & K #H {2
MR 97.88%-98.02%, —HTERGE K HE
N b, WA EEFR Haloterrigena J&
B T 7E B AP 4> 28 %0 (Haloterrigena  sp.
OTUS)., Wk A133 5 Halopiger xanaduensis
CGMCC 1.6379" 4 16S rRNA &AL Ky
98.58% , HfEMI Sy Halopiger J& (I LE B Rl 432
G (Halopiger sp., OTU6)., itk A829., A714,
RM-2 F1 A699 "}y Haloterrigena turkmenica DSM
55117 PN AR B bk . Bk AT-11 #1 RM-13
“ Haloterrigena gelatinilytica SYSU A558-1" fif
PR AN [ T R o
2.3 FEEMHRRENR D

Friv gt E R R . R EIETR .
Wb EPS BYZREERMZER 2 Fion . i TRtk Mo
WA, S B[R A= PR Y 2R B R A
—E S . AR REERBUF A YR R 2
x2 AREEKREREEYHRZERNE R

LT Haloterrigena J& M Natrinema J&, JUIH:
#& Natrinema sp. (OTU1)F1 Haloterrigena sp.
(OTUS) 2 MBFEH P43 20
231 MEEHEABEGRENR

16 PR R W TR Ak 19 & T WY 2R R R R
17.05%-66.19%, H P E P A279-1. A133.
A829 . RP33, NGA0064 . RM-152, A774, A389
SR TR ) 2R BRI 50%BGAF 50%L F, 4y
WA 57.82%.56.66% .49.87% .61.06% .54.95% .
59.81%. 58.01%. 66.19%. Htk A389 F) %%
W11 22 % e 1 (66.19%) , LR A133 Wbk &
MR (61.06%), W ZEERE K 60%LL I,
KBRS T Wk & B, AR
BERIPA LR DI E B, %8
JRRAE TR IR B — e i P RE L R TE A T
ZUBEIAT, DR ON T SR A I A R, AR 2
BE 7 ) ZLE AR PR

Table 2 Flocculation rate test results of different strains and their EPSs

Flocculation rate Flocculation

Flocculation rate of cell
Flocculation

Strain No.  Species Genus of fermentation rate of supernatant/%
liquid/% supernatant/% 0% NaCl 15% NaCl rate of EPS/%

AT-11 Haloterrigena Haloterrigena 40.92+11.17 45.65+11.51 81.25+£3.07 79.58+0.44 NT
RM-13 gelatinilytica 47.34+1.60 55.68+0.23 88.22+0.55 80.34+£0.50  74.38+0.97
RM-149 Haloterrigena sp., 41.39+7.26 53.96+6.67 85.66+1.90 87.64+0.69 NT
RP-33 OTUS 61.06+2.31 67.92+0.54 88.64+0.60 74.32+1.03  31.85+3.74
RM-152 59.81+1.45 62.45+0.69 83.30+0.36 88.27+0.98  89.86+0.70
NGA0064  Haloterrigena sp., 54.95+0.29 53.91£1.05 85.83+0.17 87.44+0.38 NT

OTU4
A829 Haloterrigena 49.87+1.39 60.90+0.49 80.81+0.25 72.01+0.32 62.04+0.72
A714 turkmenica 17.05+0.89 12.49+4.59 82.22+0.89 59.35£2.34 NT
RM-2 32.56+1.17 11.45+£1.07 81.04+0.61 78.59+1.19 NT
A699 28.75+6.42 27.94+5.14 81.70+1.51 81.45+0.82 NT
AT774 Natrinema sp., Natrinema 58.01+4.34 48.51+£3.12 83.51+£0.76 74.76£1.30 NT

OTU3
A266-1 Natrinema sp., 32.13+3.41 34.42+1.17 88.15+0.24 83.10+2.44 NT
RP-56 OoTu2 30.04+0.98 30.98+2.67 88.47+0.33 86.23+0.15 NT
A389 Natrinema sp., 66.19+3.15 59.04+1.57 80.26+0.60 89.44+0.29 81.53+0.39
A279-1 OTU1 57.82+3.06 65.70+£2.98 72.69+£0.52 84.92+1.06 66.58+2.14
A133 Halopiger sp., Halopiger 56.66+0.48 60.22+2.35 78.62+0.78 82.50+0.73  47.61+2.59

OTU6
NT: not test.
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Figure 3  FTIR spectra of EPS produced by

halophilic archaea strains.

E 4 H#E EPS ESTHRIERS

Figure 4 Transmission electron microscopy morphology of strains and their EPS.
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