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Table 1 Bioinformatics tools
GBI H Sy TH
P32 https ; //www. ncbi. nlm. nih. gov/protein
SRR http://www. rcsb. org/
PR R ExPASy ; ProtParam ( https ; //web. expasy. org/protparam/ )
SRR KM ExPASy ; ProtSale ( https : //web. expasy. org/protscale/)
Z 5 Hxt EMBIClustal Omega ( hitps://www. ebi. ac. uk/Tools/msa/clustalo/)
Z 75 X S Jalview
AT PredictProtein ( hitps ; //www. predictprotein. org/)
=R TN Swiss — Model ( https : //swiss model. expasy. org/)
Al A AL 2 Discovery Studio 2016 #f:
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Fig. 1 The salt tolerance analysis of EYHS

2.2 EAMEAMESH

X} EYHS KA & S 6 Fiiif £k 22 2 & 1 1
()R SR N FRAL R B R AT 0 Hr e B, B AR AN
IF) A VR 11 ) G 3 PR 4 A 22 S e R, (H R R L
BUFIH[E 5. Gly, Ala, Val 5 Ser & £ #H X} 4%

AFE RBUNT 40; BR80T 655 ¥ ke
BB, H ProtScale iy K — D il 5 g %t EYHS
TR F B 1) it 22 52 R B 11 I 1 i K M R AT
IR QYISO YSE ) S g = i

2.3 ZZRgETmm

i 1 PredictProtein W3k n] DFRASHE A 1914
ZEEME R, I RS L AT
MZEH 7R EYHS o — 825€ B - F7)Z F1 loop FF
5T R U A Y 5 5 A i Ry 17 1% (23, 0% FI
60.0% . Hit o - BRJES B - A JZ LAY H AR
%, HZ 001 TR NS, loop P45 TN 45
LR, 240 Tl o> TR . HE 6 Rk
22 3 TR AR L B AT A [R) 1 3, loop R4 TG
MG i 5 LA T 55.8% ~65.7% Z[a] (£ 2) .
Jamir Z57E0F 5% RNaseT1 $ AR P B p % o -
e B - F R SA 7 ST A T 45 5
IG5 Y R e Ve LA B . Ahmad %%
IR loop 145 JC KL I 265 1l 725 (] 254 1 B0 R T
BR G FAT R M RS A AE ™ e,
EYHS S5 3 22 22 W A 1 00 3 Fi i B SR PR 42



514

AT, 55 : Salinivibrio sp. YHA Jfi5be2 FRREE FN EYHS M S A W015 Bt 107

EHAELERR N TR 2 [ 25 A RS E RO 6 B, )CRA
—E R, UM TAE R h 35T N AT 1

2.4 FREBMERERK AT KSR ER T

F|H PredictProtein [k X 25 1 J5 A9 15 577 T A%
PEHATION . 25 R R, 6 Pt £k 22 20 IR & 1 il
R L= (£2) /0 T 1.4 ~3.2
Z[8), Hor EYHS 13 T R 1 2 B 1R 15 e i
B2 AR T LIRS 1.9 BRME s B i 25 R iy
A R B AT A5 R T R AR PR B b AT DL 4E+F
—E M ZE R, LA A 0 AL T 5 — T
T, MRV EE RRAE 25 5 /K FNER B+, A 1 BT [

PR RO FAERR A E R T RTRE, R s T
R AE R ER IR T IR

Gromiha 55 WL5E 51|, H F P 08 2 2 PR Ak 2 114
B K P A A R M DIAR G B
IKPER A 5 ER 3R 5T T S WAk, 5 B ) 454
F T BEREAR , AR T AL TG 5 P 7 10 2 1 s 46 4
SRR VA AT IR ST AT T
22 TR A X 5 AT 55 K P N R 45 A, EYHS
PR K PR 2 R 5 LE 24 31. 5% , 55 B K
PEARAE A ER 3R 5 T~ B —E R T, AEWS
AR TR PR N 5, (e 1 I B A

F2  2FIRE AN AT BRI AR SR TR B = SRR i

Table 2 Analysis of secondary structure, hydrophobic amino acid and the ratio of the surface

acidic amino acids to basic amino acids of serine protease

AN FRIR 22 H R R aBNE BHZE MW NEEKEILRR  Asp + Glu/ArgLys + His
Salinivibrio sp. YH4( QAB01366. 1) 17.1 23.0 60.0 31.5 1.9
Bacillus sp. (PR065824. 1) 9.0 25.3 65.7 36.5 3.2
Halobacillus sp. (TGB01716. 1) 20.0 19.6 62.4 31.2 1.7
Halobacillus sp. (TGB01706. 1) 19.9 18. 1 62.0 29.2 1.6
Paludifilum sp. (0OYD06754. 1) 25.2 19.0 55.8 40. 3 1.6
Oceanobacillus sp. (AVR00957. 1) 24 19.5 56.5 39.3 1.4
Pontibacillus sp. Y32(KGP74215. 1) 23.1 19.1 57.8 39.5 2.5
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Salinivibriosp.YH4 GVTAYVIDT VTTS VEFGGRARSGYDFVDNDNDASDCNGH T V  TIGGSQY V KNVDIVGVRVLSCSGSGSTSGVIGGVDWVAANASGPSVANM LGGGVSTALDRAVAS
Po’lﬁbati”llss Y32 GP74215.15QE|AV| LS@VDY PDLDGKT IKGYDF VDNDNNPMDE SN i V] AAAE | Al PNTS | LAVRALDAQGNGSLAD | ADAI VYAADQ - -GAEVINLSLGCNCDTTLENAVNY KB 147
Bacillussp. PRO65824.16mv 16V 1 :s81 YDEMPDMQLTNPYVYNY I DEETPFDTGND [VAGTAAANVREVAPEAQ | LGMKVF SNDPENATT 1Y | AALDDA | EL - -GADV | NMSL GSP 125
Halobacillussp.TGB01716.16vkVAV 1 - T8 1 HaDHPDLN | - - AGGVNF VEDGKSYEDDNG VA | INAQTVEVAPAAQLYAVKSLDADG I GNQTDV I AGIEWAIDH - -DVD | INLELTSPYPKTLKT! 115
Halobacillussp.TGB01716.16vkvAv 1 7| DLNI - - AGGKNFVEGSSDYDDQNG VAB | INAQT I LYAVKAL IDVIAAIQWA | AK - -DMD | INLBFTSPYAKTLAD | | KEAHSQ 115
Paludifilumsp.0YD06754.INvKVA 1 VTBVDYGHEDL SGKVEKGGDY | ENDGDPMDENG CAB | AAAT | T1YAVRVL QSVADG | | DAADA - -GAEV | SLELGASRGQTLENAVNYAHDKE 145
Oceanobacillussp.AVR00957.1 sa +TEBVDYNHPDLDGKTNLGYDF VDRDYTPFDANG VA | AAAE | ABMBPNTK | LAVRVLDASGNGSLAN | ANG IRYAADN - -GAEV I NLELGCACNQTLESAVNYAWNNE 147

Conservation
7637699 8 9444 30847--128389993434437496 8 777+662 8 4474+6+80687647277663676+9368742--6669799 887624666347933 464

Quality il N mall | Dadms Bl n Enim 00N 0l el e O (a0

Consensus
GVKVAV I DTGVDY+HPDL +GKTA+GYDF VONDNDP +DENGHGTHVAG | AAA+ | AGVAPNA+ | +AVRVLDA+G+GSL +DV | AG | DWAADNASGA+V INLSLG+P+G+TLENAVNYAHD+G

Salinivibriosp.YH4 WJETTNLVSFMLAA | SNADACNSSPAREPSGVTV STTSSDSRSSFSNW SCLDVF . SQ KSAWYDGG s 229
Pontibacillus sp.Y32 KGP74215.1 SVVVAAABNDGVS - TTFEPASYDNV | AVBA | DONNQKASF SNYBTWVDV! SHAATVPNNGRAYI | MAABHVSBLAG I LA 232
Bacillussp. PRO65824.1 VF Vs | SABNSNRYGPPVERGEYAF V | AFBEEPF ANNMSDF TSWBL TPEVT) alliysTLGDDDNGL [ MAABHAABGAALLL 21
Halobacillussp.TGB01716.1 VF | VAASBNDRTGDDVMF PGRYDNV | SVBAVTEEKKKASYSYQBESLDF DOlYSTY | GEANTYL, - MssBYVABALALYQ 201
Halobacillussp.TGB01716.1 | FYVAASBNDK SGEDVMYPGRYDF VY SVESVDQDLERSYF SYGEKS | DF ERIRSTYVGDTHGYLSET MssBFvABs 1 ALYK 201
Paludifilumsp.OYD06754.1 SAVVAAABNNGSS - SPSYPAYYDNAL AVBATDSNDNKASF SNYERWVDV A DilYSTY 1GGGHaSLSET MATBHVABLAGLLA 230
Oceanobacillussp. AVR00957.1 sVvVAAABNDGTS -QQF QPASYANA | AVBAVDRNNNKASF SNYBTWVDVS| DilASTYPGNSHTY MAsByvABoAALLT 232
Conservation
5475788 7433.35435+36456677 44524346849865 266974 35 38863545 44 87 788 67++73
Quality g I Uit ‘Wil (pnie § w00 e nBW MW
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Fig. 2 Multiple amino acid sequence alignment of serine proteases catalytic domain
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Fig. 3 Modeled catalytic domain of serine proteases
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Salt-tolerance and Bioinformatics Analysis on the Serine Protease
EYHS Secreted by Salinivibrio sp. YH4

WU Cui-ling, SONG Ying-da, GAO Hui-fang,ZHANG Lian-yun, REN Chen-xia
( Changzhi Medical College ,Changzhi 046000 , China )

Abstract ; To investigate the structural properties and salt tolerance of serine protease EYHS secreted by Salini-
vibrio sp. YH4, the gelatin immersing zymography was employed to analyze salt tolerance of
EYHS. Bioinformatics tools were used to analyze structural properties of EYHS and six S8 family salt-tolerant
serine proteases. The results showed that EYHS had high proteolytic activity at 4 mol/L NaCl. The proportion of
irregular curls was high on the surface of EYHS and six kinds of S8 serine proteases,while a-helix and B-sheet
were mainly located inside the enzyme. Furthermore ,the content of acidic amino acids was high on the surface
of serine protease and it has a weak hydrophobic core. Multiple sequence alignment showed that there were
highly conserved motifs, polar amino acids and aromatic amino acids on both sides of the catalytic triad,in ad-
dition to high contents of Gly and Ala. Homologous modeling and surface charge distribution showed that a-he-
lix and B-sheet formed the catalytic cavity of protease,the EYHS active center contained a catalytic triad com-
posed of Asp32,His65 and Ser215, with the surface electrostatic potential being negative in the catalytic center
area. The above structural characteristics of salt-tolerant serine protease may help maintain its stability and
moderate flexibility in high salt environment, which was helpful for its catalytic function. This study provided a
theoretical basis for studying the adaptability of salt tolerant serine protease to high salt environment.

Key words : Salinivibrio sp. YH4 ; Serine protease ; Salt-tolerant protease ; Bioinformatics
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Microecological Analysis on Seaweed Leaf Surface for High-salt
Wastewater Treatment by Using Ulva lactuca

LU Wen-juan',LV Jian"* ,WU Jun® ,ZHANG Yu-xuan®, CUI De-jie'

(1. Resources and Environment College of Qingdao Agriculiural University ,Qingdao ,266109 , China ;
2. Key Laboratory of Coastal Environmental Processes and Ecological Remediation ,Yantai Institute of
Coastal Zone Research ,Chinese Academy of Sciences , Yantai ,264003 , China ;

3. Key Laboratory of Comprehensive and Highly Efficient Utilization of Salt Lake resources
Qinghai Institute of Salt Lakes , Chinese Academy of Sciences , Xining ,810008 , China )

Abstract; Ulva lactuca , a large intertidal green alga, has played a significant role in removing nitrogen and
phosphorus nutrients in waters. However,no detailed information is available on microecology of leaf surface for
high-salt wastewater treatment by using Ulva lactuca. Therefore , this study investigated the microbial community
feature of seaweed surface and wastewater through high-throughput sequencing technology for high-salt
wastewater treatment by using Ulva lactuca. The results showed that the microbial diversity and abundance of
algal surface were higher than those of wastewater. The dominant bacteria on algal surface included Bacillus,
Exiguobacterium , Fictibacillus and Brevibacterium. Bacillus accounted for more than 70% of the total microor-
ganisms on algal surface,serving as the main dominant bacterium. Bacillus genus and Exiguobacterium genus
were the main species in the wastewater ,accounting for over 99% of the total microorganisms. The algal surface
was more conducive to the growth and distribution of microorganisms than the water with the fluidity.

Key words : Ulva lactuca ; High-salt wastewater ; Microecology



