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Pichia pastoris oA Al ZEH AN O ZHE P4
Ay FEHGA Ax 2HEE!
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ABSTRACT : Al¢t ZEd H(human lactoferrin, hLf)S F2 ZFdA diFez ®Euj¥e 3+, 3
ulolef 9 g Fgo] IS /X wuidoltt, E AFoA= hLfERE fFE I Peel=
Lactoferricin  (hLfcin)9] W32l HLSAEZ methylotrophic yeast?] Pichia pastorise] A3 FwH o
st sholth. ARSEl HLSA hifcin obvlieqt A oA 20058 31 ofv|ieqt M
GIn24, Asn26, Met27S Lys24, Ala26, Ala27o2 A 33t Row iAol =7 Y}z
Ao A 57 amino acid residue® WAL Zolt}. HLSAS] N-terminalel Ssp intein(Ssp DnaB

O

intein)S, C-terminall Mxe intein(Mxe gyrA intein)S §3A1A FHHEE= 31331, Saccharomyces
cerevisiae®]  glycosylphosphatidylinositol ~ (GPl)-anchoring  proteinS  A}-&3&}e]  Ssp(CBD)-HLSA-Mxe

&3 d-S Pichia pastoris SMD1168¢] A% T 9 E= LAY LHAE Fgdud

i

rlo

2

FITC-labeled immunofluorescence®} Flow cytometric analysisell <3l Al E ol 9% gko] ¥a] it} E3t
Ssp(CBD)-HLSA-Mxe intein &3t 2ol pHel DTTe| 2]s] CBD affinity column “gollA Atz o]
HLSA7} #2]5& #1& Western blotol] 2]af 3Fels}Sitt.

T

/\-]i

AA 9] ZfrolA thgFom Eu|(7-8g/L)HE &+, I wiely s, & At
Aol Abel FEH Y (Human lactoferrin, hLf)- innate immunity 2 o3&l
]9 Fagk g ok, 2, 3). hif ¢ &+t &> F=E N-lobe ¢ N-terminal
domain ol Sl 1-47 ofn|=gto® o] FolXl F2 peptide 7t HEEE Aow
gy F o), o] -2 peptide E A FEH 2] Al (Human lactoferricin, hLfcin)o] 2} 3}
Cys20 ¥} Cys37 AFe]e] disulfide bond ol 2|3}l loop structure 7} = =dl, °]&

T35k 18 residues 7} @t &4 TS THAE BoE dElA Uk (4, 5, 6, 7,
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8). 18 residues T Soldo® w2 FAAAHS A= FEQl 20-31 residues &
native molecule 2.t} %2 &3t A4S YERdTh B A9 gl HLSA &
hifcin 20-31 <A ¥ I FAS Yedle Aoz iy 54 opne
MEE 7122 3lo] GIn24, Asn26, Met27 S Lys24, Ala26, Ala27 = %313k
Aol th(9).

HLSA + <HAstE 27 wiid S3d38tE Wi bacteria  membrane <]
Lipopolysaccharide(LPS)E 2143} binding o =X pore & FA3laL osmotic
shock & F=38tAY WHo H5F3}e] intracellular molecules ©| binding 3}
bacteria ¢ A& JAAIZITHI0, 11, 12). 28y}, FAA 22 7)ES o] &3]
u| A 525 E]  antimicrobial peptide & AAME A HF wAEY A
AAEAY AbEeE oj#Fo] EATTHIZ, 14). & AFAAE S5 VA=Y
A Al 2 ALEe] FAE el Astr] 98k cytotoxic protein €1 HLSA £ protein
splicing segment ¢! intein ¥ &A1 A W& Al7] 2} 8

AAS <FAE 2 chromosomal

Methylotrophic yeast ¢! Pichia pastoris = <2l
DNA ol AdAZ 4 o] dde kAol =t HES alcohol oxidase 1(AOX1)
promoter & A}F&3te] 9 FHAE dF THAAZAY, TdE G AS M
QQE-Z FEHAZ] 7] F83 52 g Auh(13, 15, 16, 17). S. cerevisiae 2
GPI anchoring motif = ©]-&3} surface display system & T}F3F -7} A& % Q] o1}
HLSA £ P. pastoris M2 ®We] HHAZ A= AFsioh 2 AFoA =
A o w7 de] AL2E3= P, pastoris oA HLSA = 23 A)7]7] &l intein-based
system & =% 31© ™, S. cerevisiae 2] GPl-anchored protein = AF8-3}] P. pastoris
Al el WA 7] 3L} skod

H
5]

AL 2 B
1. I3 ¥ plasmids
2 AT ALEE #59 plasmidi= Table 17 #Fow, AF8-% primeri= table

29}
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Table 1. Bacterial strains and plasmids.

Pichia pastoris A A3 SEA AN O ZEEH Fadiw 19

Strains/Plasmids

Genotype

References

Strains

P. pastoris SMD
1168

E. coli ToplOF

THLSA

Plasmids
pGEM-T
PBHA-HLSA
PBHA-TWIN 1
PTWIN 1-HLSA
pPICIK
pPICIK-700k

pPIC9K-THLSA

his4mut+pep4

F'{lacq,Tn10(TetR)} mcrA4(mrr-
hsdRMS-mcrBC)®80lacZAM15 AlacX74
recAl araD139 A(ara leu) 7697 galU galK
rpsL(StrR) endAl nupG

SMD1168 integrated by pTWIN 1-HLSA
TIP630

Amp", T/A cloning vector

Amp", sub-cloning vector with synthesized
HLSA gene

Amp", sub-cloning vector with synthesized
Ssp(CBD) & Mxe intein

pBHA-TWIN 1 containing HLSA
Amp", Kan', his+

Amp', his+ containing 630bp TIP gene

pPICOK containing Ssp(CBD) & Mxe
intein, HLSA

Invitrogen, Co.

ATCC13032

This study

Promega, Co.

Bioneer, Co
Bioneer, Co
This study
Invitrogen, CO
This study

This study
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Table 2. Primer sequence.

Primer Sequence ( 5°—3°)

a-factor(F) ACTACTATTGCCAGCATTGCTG

3'AOX (R) TCCTACAGTCTTACGGTAAACG

pTWIN check(F) CCAGAGATTGAAAAGTTGTC

pTWIN check(R) AAGAGCAACTAGTGCATC

Sapl-HLSA(F GCTCTTCCAACAAATGTTTCCAATGGAAG
HLSA-Sapl(R) GCTCTTCCGCACCTCACCTTACGTGC
TIP630-Notl(R) GCGGCCGCTTATAACAATAAAGCAGCTGCAC
HLSA(R) CGACGGAAAATGCAGACCTT

HLSA check(F) GGTGTTCGATTTGACCGTGCCAGG

* F : Forward, R : Reverse.

2. IF9 W

E. coli = LB(Luria Bertani)¥ll %] (0.5% yeast extract, 1% tryptone, chloride in 1 liter
of distilled water)S AF-g-38}o] 37, C, 230 rpmo.2 wjFalict. FA g o] A
S Z A ampicillin (50ug/ml)S 3 718ke] w3} T

Methylotrophic yeast P. pastoris== YPD(1% yeast extract, 2% peptone, 2% dextrose in 1
liter of DW)E AF&3}o] 30, C, 230rpmoll A vl A Ak o] AHS
H8lAl= MD §-3 HlA] (4x10°% biotin, 1.34% yeast nitrogen base (YNB), 2%
dextrose, 1.5% agar in 1 liter of DW)E AF&-3lith A3 34 ddS 984
BMGY (1% yeast extract, 4x10-5% biotin, 2% peptone, 100 mM potassium phosphate buffer

pH 6.0, 1.34% YNB, 1% glycerol in 1 liter of DW)<} BMMY (1% yeast extract, 4x105%



25 fId 21

Pichia pastoris oA A3 SEH A o
FHy

Wy e ale] MxE

biotin, 2% peptone, 100 mM potassium phosphate buffer, pH 6.0, 1.34% YNB, 1% methanol

in 1 liter of DW)S A}-8-3}9 31, 30, C, 230 rpmol| A vl %3} o}

3. Codon optimization

HLSA®} Ssp DnaB intein (Ssp intein), Mxe gyrA intein (Mxe intein)S P.
pastorisell /] ¥r& A]7]17] ¢]ste] 54 Ak g4 (Bioneer Co.)Aloll codon usageoll StA|
optimizationA] Zlt}. o]lu] Ssp intein> CBDE X3 slil Mxe intein> CBDE

ZEEHA] A designal i th. ©] & Ssp(CBD)-Mxes} AT

4 HLSA AIZ EW 2dL 9% A=Y 257 A2
HLSAS} Ssp (CBD)-Mxe intein®] §% TS AX ZHo| A7V

f18ke] pPICOK-THLSA Ax¢ Zetxm=sS A8 a2 d4dS F3l

|

A2 pBHA-HLSAE F3 o= Sapl-HLSA(F) ¢} HLSA-Sapl(B) primerE o] &3}¢]

FARE FZAA °o]= pGEM-T vectorell ligationd 3 E. coli TOP10F’ ©. &
FAAS st dAASARTE SHav=E FESH] AFad Sapl o=
Hdste] Sapl-HLSA-Sapl fragmentE & 5313t} o] fragmentE Sapl= Huksh
PBHA-TWIN 10 4AF9lsle] pTWIN 1-HLSAES A&tk pTWIN 1-HLSAZ
EcoRIC. & Hetale] 918 Ssp(CBD)-HLSA-Mxe fragmentE TU3F 42 Autgl

3t Zgau=2 E colio] FAHS &

32
o
o
24
N
E?i

PPICOK-700k = 4F413HS
o|ZHE & F#t:vE=E pPICOK-THLSAZF HHsGitt o] EHEav =g
Agar sallez Adste] Aygo=m wHE F o|E P. pastoris SMD11689l
electroporationell  <J&ll FH A ot FAATE Jo T (D FHS

Hgsto] AFE-SEQIT). P. pastoris SMD11682] chromosomal DNAG®I integration¥!
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transformantE  2t7] ¢ldl MD ¥ wix]o] = & thg YER}E colonyE
AWEdet, A¥HE colonys ZHE chromosomal DNAZS &3 % Zzlo|w
HLSA check(F)¢} TIP630-Notl (R)= AF&3te] PCRES 33l integrations

gelstgleh AEE AxF 55 P.pastoris THLSAZ 33l th

A =8 = P. pastoris THLSAZ-E] Ssp(CBD)-HLSA-Mxe2] *&dS
giske] BMGY ulAelA 30, C, 230 mpm EHOE SR wFEtgh oE

M2 BMMY media® ODegp=1.02.2 ZA3sto] 30, C, 230 rpm oA 9643t

1

Hjokatieh, A mE FE2 98 1% (viv) WERSS 244 7F mith H kel

Ssp-HLSA-Mxe2] &S 323st7] $I8|A4] Western blotting= 4= 3}t
HjFo]l £ BMMY B S 4°C, 3,500 xgoll A 1087 QAR Fto cellS
harvest 3} t}. Harvest S+ cell2 1.2 mm glass beads$} buffer A(20 mM Tris/HCI, pH
7.5, 200 mM NaCl, and 5 mM MgCl)E Y o] Bead beater= lysisgF 5, 941 &2]3}o]
AT NS 3451t o] & sample buffer(2% SDS, 0.1% bromophenol blue, 10%
glycerol, 100 mM dithiothreitol, 6 M urea, 50 mM Tris-Cl, pH 6.8)& Y1 10%7F
boilingsl] SDS-PAGEE  &3}%lth. SDS-PAGE7} %t gelS polyvinylidene
difluoride (PVDF) membrane ©.= electrophoretic transfers}il primary antibody= mouse
anti-CBD antibody (NEB, Inc.), secondary antibody= goat anti-mouse IgG AP antibody
(Enzo, Inc.)S Alg3le] wd S Felstsdt). 7€ 2+ 4-nitrobluetetrazolium chloride
(NBT)&}  5-bromo-4-chloro-3-indolyl phosphate (BCIP) (Thermo scientific Inc.)E

Ahgsrl .
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6. Immunofluorescence ¢} Flow cytometric analysis
Ssp(CBD)-HLSA-Mxe &3t do]l ywwtdd S 3421st7] 938e] FITC-labeled
Immunofluorescence ¢} Flow cytometric analysisS 21383} th (1). Methanol 3 719l
ogk Wty fm=rt Eut celle YAEE(4. C, 6,000 xg, 10 min)3}la, PBSZ 3
wash g+ % 300ux(02] PBS (containing 1mg BSA/mé, mouse anti-CBD antibody(1:300))
A7vetel 1413 wESAIZTE ol YAl dAlEelstal PBSE 3W wash ¥ Uh
PBS 300 wf(containing 1mg BSL/m¢, anti-mouse antibody(1:300), FITC conjugated)E
Aelste] 307 WHEARAT wEs dAdEe] § PBSE 3W wash 3 o
FITC-labeled cellS confocal laser scanning microscopeS Al-&3fo] #4181} &3k
&3 whd ol FuHurE S Facscalibur flow cytometero] oJef HA13tglow o] uj

negative control 2] P. pastoris SMD11682 A}-8-3} % T},

7. HLSA® &7 # &<

WHE Ssp(CBD)-HLSA-Mxe=F-E HLSAWHS  2&317] ¢3te] IMPACT
(Intein Mediated Purification an Affinity Chitin-binding Tag) system, NEB, Inc.)=
o] &3ttt U4 BH R 3¥ 42 buffer AZ resuspensiondlil bead beater=
o] &3t cell lysiss Fa3tH . 94 22 & F4F NS chitin resin(NEB, Inc.)]
packing® columnoll  flowA]#  Ssp(CBD)-HLSA-MxeZE resinol  bindingA] i t}.
Binding= "} % % resin® 20¥ volume2] buffer B1 (500 mM NaCL, 20 mM HEPES,
pH 8.5, 1 mM EDTA) 2.2 non-binding proteins < A4 3}aL buffer B3 (500 mM Nacl,
20 mM HEPES, pH8.5, 1 mM EDTA, 40 mM DTT)E 2¢] 40 A%} incubationd o =]

Ssp-HLSAS} Mxe intein®] cleavageE =33tk thA] resin® 20W]  volume<]
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buffer B12. 2 cleavage® fragmentE #|718}3L buffer B2 (500 mM NaCl, 20 mM Na-
HEPES, pH 6.5, 1 mM EDTA)E sokingdlo] Sspe} HLSAS] cleavageE =313l th

Cleavage reaction®] £% % buffer B1S AF-83F] HLSAE 3|43}t

a% 9 1%

1. HLSA Al 39¥ 2dS 93 Az o5 A=z
Ssp(CBD)-HLSA-Mxe §3etM S P, pastoris oA TdA7]7] 3] FH#F
gt S =3}o] codon usageoll 9HAl optimization A ZAth FEE HLSAZS A F W

s Al7]7] Yl S, cerevisiae o TIP FAAE ALEste] AR ZEAv=
pPICOK-THLSAE Al 2}3} Stk (Figure 1). pPIC9KOl+= a-factor signal sequence<}
Hekgo] ol wao] FEEE AOX1I TEREEEZ 7FHth HLSAY AlExd
BAS 9IsiA HLSAE TIP f37kel dAste] AOXL ZERE oo Y ES
itk A" Ax3 ZgAv]=% HLSA check(F)9t TIP630-Notl(R) primerS
o]-3 PCRE &stol =wbe o waks =2l stk 2 A3 16kb 9

DNA7} SZHd A5 el om (Figure 3), sequencingdt ZAi} 7)Aol

HAdE Az ZehAv= pPICIK-THLSAE Salls o843l Aoz whe
%, electroporationS- &3] P. pastoris SMD1168¢ & & d 3+ A]71 & genomic DNAC]
A Az tHFigure 2). 2 % MD ¥ wfAle]l YERDG colonysS S the
genomic DNAE F%3}l%] PCRS E3 chromosomal integrations 2H213}3I T} Ssp

TAAMEE TIP F3A Alo]E PCRE  SHA|F O ZAH

—Hz

inteine] =7+
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o5 sl om, o u primeri= o-factor (F)2F HLSAR)E AF&-3}31th.
2 A¥ 11kb ¢ DNA 7} FZHom sequencings E3te] HFZH o=
Sk

& SsithFigure 3). o] AxF FFEF THLSAZ

EcoRI EcoRI

pPIC9K-THLSA

Figure 1. Structure of recombinant plasmid pPICO9K-THLSA. HLSA gene is controlled by
the AOX1 promoter for the expression of HLSA. For the location at the surface of the cell,

TIP anchoring motif is used (see details in textbook)
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EcoRI EcoRl

pPIC9K-THLSA

Enzyme cutting
(Sall)

hisd” Pichia g hisd)

*mutation

Figure 2. Schematic diagram of integration strategy into the chromosome of Pichia pastoris

SMD1168.
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Figure 3. Confirmation of integration of Ssp(CBD)-HLSA-Mxe by PCR. SM: DNA size

marker, Lane 1: Negative control (P. pastoris SMD1168), Lane 2: Positive control (pPIC9K-

THLSA), Lane 3: THLSA. Arrows(red) indicate primers used for the PCR.

2. €% 9ud 23

1ot

o]
& E Ssp(CBD)-HLSA-Mxe intein g3t dS 291sl7] 98]  Western
blottingS A AIsFith. AZE 5 THLSAE W <43te] methanol2 &S Fx=3

T AEE 93 F SDS-PAGES} Western blottingol] 2)s] 2<lgk Ay o 72

ol

kDao] A8 3kol 131t} (Figure 4). ]+ Ssp(CBD) intein (26 kDa), Mxe intein

(23 kDa), TIP (22 kDa), 18] 3L HLSA (1.5 kDa)Z 7}% Ssp(CBD)-HLSA-Mxe intein<]
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AR AAeAT. WA HLSAE ¥@eis §Rwudel Axd wF

THLSAZ 8 2deS & 4 itk

70

(kDa)

Figure 4. Identification of fused protein Ssp(CBD)-HLSA-Mxe intein expressed from
recombinant P. pastoris THLSA by Western blotting. SM : protein size marker, Lane 1:

Negative control (P. pastoris SMD1168), Lane 2 : THLSA. Arrow indicate fused protein
containing HLSA.

3. §¥aA Ssp(CBD)-HLSA-Mxe9] MEEW =& 3

W H Ssp(CBD)-HLSA-Mxe2] $1XE &<lslr] 938} immunofluorescence
2 confocal microscopy= =41 391t Mouse anti-CBD2} FITC-conjugated anti-mouse
antibodyS  AM&3le] wWHE-3 5 confocal microscopeS AMEdte] Ax2F #F

e

THLSAS] AlxxwelA FFs d&EsAY. 28y 4 AEQ] P. pastoris
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Pichia pastoris oA A3 SEH A o
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Wy SR Ax
SMD11689] el #EE A FdTHFigure 5A). THEE FFTEH APl M
xH A= A2 Flow cytometric analysisol] olsiA %= = ATE Figure
5B A Hi= npe} o] §3gt WA Ssp(CBD)-HLSA-MxeZ} & ® Ax3 +F
P. pastoris THLSAYFe] CBD antibodyol] 1S3} negative control$! P. pastoris
SMD1168¢l+= WHES HolA] ATt o= FFTMHo] P. pastorise] AEZ

FHel THEENES HERY

r
=
o
I

4. Ssp-HLSA-Mxe complexZ5-E] HLSAS] #z] 2 A A

13 ¥ Fused HLSAS] Ssp inteinoll:= CBD7} <&A4j3ich 2 AFoA e
columnuloll packing® o] 1= chitin resin®} CBD9| affinityS o] &3dlo] #z 2
AAE skt Cell lysis § lysateE columnoll S §3d<#z  Ssp(CBD)-
HLSA-Mxe inteinE chitin resin®l| bindingAl A%t} Mxe inteinZ} Ssp intein<]
cleavageE ¢l8}] buffer B39} buffer B2E 27 A U=ZE AT W0l
29 & HLSAE 34 &tk ¥ Ssp(CBD)-HLSAZH-E  HLSA”F
HAAE IS Felslz] 9sko] chitin resin©. ZF-E Ssp(CBD): 3|4 3F3ATh
Cleavage?] o%-Z 3&H2l3l7] 93] Western blotting= =33+ Z 3} 3]4=% HLSA

fraction®. ZH-E] &= HLSAE A& 4 gldlth o= HLSAZF olv|xAl 11712

TAE ok A2 BAFE 7M7) wiel SDS-PAGECIAM Ele]l P57
A ew Atrdn. a8y dd vkgo] &y & chitin resine 27 E 3]

Ssp(CBD)7} A% 26 kDaoll 4] Q1= Slt}. ©]+= Ssp(CBD)-HLSAZF-E HLSA7}

A9EeS PHAOE HehlE Ao ARd
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A)
Fluorescent Light Merged
P. pastoris
SMD1168
THLSA
B)
" 8-: THLSA
s - 2 P 2
S g1 pasw;;,,ﬂ’f
i,w
10° 1(:'»‘ 1<;2 10'3 104

FL1-H
Figure 5. Immunofluorescence and localization of the fused Ssp(CBD)-HLSA-Mxe intein in

recombinant P. pastoris THLSA. A) Fluorescence and confocal laser scanning microscopy.
Cells were labeled by FITC-conjugated antibody. Fluorescence microscope (left column),
light microscope (middle column) and merged image (right column) are shown. B) Flow

cytometric analysis. P. pastoris SMD1168 harboring pPIC9K was used as control
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Figure 6. Confirmation of cleavage of HLSA from Ssp(CBD)-HLSA-Mxe intein by SDS-
PAGE and Western blotting. SM : protein size marker, Lane 1 : Cell lysate of THLSA, Lane

2: Isolated Ssp(CBD) intein after cleavage from chitin resin (see details in text).
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Characterization and identification of twelve bacterial strains

isolated from fresh water and marine environments?

Heeyoung Kang, Haneul Kim and Kiseong Joh?

ABSTRACT: Twelve aquatic bacteria were isolated from fresh water and marine environments in Korea. These
isolates were mainly assigned to the phylum Proteobacteia and class Flavobacteria. Phylogenetic analysis based on
16S rRNA gene sequence revealed that strains HME8514, HME8540, HME8620, HME8633, HMF4573, HMF4667,
HME8202, HME8262, HME8336, HMF2457, HMF4132 and HMF6043 were most closely related to Acinetobacter
kookii (98.6 % sequence similarity), Flavobacterium aquaticum (98.8 %), Massilia terrae (99.9 %), Lysobacter olei
(98.7 %), Brevundimonas variabilis (100 %), Brevundimonas staleyi (98.8 %), Maribacter lutimaris (100 %),
Litoreibacter ponti (98.9 %), Maribacter litorisediminis (99.7 %), Maricaulis maris (99.0 %), Bacillus algicola
(100 %) and Maricaulis maris (99.3 %). In this study, basic informations including Gram reaction, colony and cell

morphology, biochemical characteristics, isolation source and strain IDs were described.

Introduction

Water covers more than three-quarters of the Earth’s surface, comprising the fresh water
and marine ecosystems. Fresh water environments have extremely low concentrations of salt,
and include some wetlands, streams, rivers, ponds and lakes. In contrast, marine regions have
higher concentrations of salt, and include some wetlands, salt marshes, mangroves, lagoons
and bays. Bacteria and other microorganisms have been reported to live in aquatic
ecosystems and play foundational roles, capturing the sun’s energy through photosynthesis,
and decomposition of organic matter, releasing nutrients stored in organic tissues (Shklar-
McAuley et al., 1986). The studies of aquatic bacterial communities have been shown to be
characterized by Proteobacteria, Actinobacteria, Bacteroidetes, Cyanobacteria,
Verrucomicrobia and Planctomycetes (Logue et al., 2008; Gajigan et al., 2018). The
Proteobacteia are particularly recognized Gram-negative bacteria of agricultural, industrial,

and medical significance (Kersters et al., 2006). The Cytophaga-Flavobaceria, belonging to

! This work was supported by Hankuk University of Forein Studies Research Fund in 2018 and the project on
survey of indigenous species of Korea of the National Institute of Biological Resources (NIBR) under the Ministry
of Environment (MOE).

2 Department of Bioscience and Biotechnology, Hankuk University of Foreign Studies
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the phylum Bacteroidetes, are chemooganotropic and especially proficient in degrading
various biopolymers (Kirchman et al., 2002). We have isolated about 160 bacterial strains
from the domestic aquatic environments in Korea for 6 years, and reported their
characteristics. Here, we described the phylogenetic, morphological and biochemical

characteristics of twelve isolated bacterial strains.

Materials and Methods

Bacterial isolates were obtained from fresh water and marine environment sources. The
fresh water samples were collected from reservoir of Hankuk University of Foreign Studies
campus, Gyeong-an stream and wetland located in Yongin and Gwangju city. Marine
environment samples such as seawater, lagoon and sand of seashore were collected from
Buan, Gangneung, Boseong and Jeju. The collected samples were allowed to grow on R2A
and marine agars by standard dilution-plating method. These plates were cultured at 25°C,
30°C and 37°C for 2-3days, routinely. The pure cultures were obtained by repetitive
streaking and preserved at -80 °C in distilled water supplemented with 20 % (v/v) glycerol.
Colony morphology was observed on agar plates after cells were cultivated to their stationary
phase. Cellular morphology and cell size were examined using either transmission electron
or scanning electron microscopy. Gram reaction was carried out using a Gram-staining Kit
according to the standard procedures. APl 20NE strips (bioMérieux) were inoculated
according to the manufacturer’s instructions. Oxidase activity determined using 1 %
N,N,N',N-tetramethyl-p-phenylenediamine dihydrochloride (Sigma). Bacterial identification
was performed by amplification and sequencing of 16S rRNA genes. Amplification of 16S
rRNA gene was carried out as described Woodman et al (2008). The 16S rRNA PCR product
was sequenced using an Automatic Sequencer 3730XL (Applied Biosystems) with universal
primers (27F and 1492R; Lane, 1991). The sequences of twelve strains and related bacterial
species were obtained from EzBioCloud server and edited using the BioEdit program (Yoon
et al., 2018; Hall, 1999). Multiple alignment was performed using the CLUSTAL_W
program (Thompson et al., 1994). The phylogenetic tree was constructed by using neighbor-
joining method within MEGAY7 software package with bootstrap resampling method with
1000 replicates (Saitou & Nei, 1987; Kumar et al., 2016; Felsenstein, 1985).
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Results and Discussion

The six bacterial strains, isolated from fresh water environments, were distributed into five
families of the phyla Proteobacteria and Bacteroidetes: Strains HMF4573 and HMF4667
were most closely related to Brevundimonas variabilis (100 %, 16S rRNA gene sequence
similarity) and Brevundimonas staleyi (98.8 %) within family Caulobacteraceae of the class
Alphaproteobacteria. Strains HME8620, HME8514, HME8633 and HME8540 were most
closely related to Massilia niabensis (98.3 %, belonging to the family Oxalobacteraceae of
within Betaproteobacteria), Acinetobacter kookii (98.6 %, belonging to the family
Moraxellaceae within Gammaproteobacteria), Lysobacter olei (98.7 %, belonging to the
family Lysobacteraceae within Gammaproteobacteria) and Flavobacterium aquaticum
(98.8 %, belonging to the family Flavobacteriaceae within Bacteroidetes), respectively.

Marine bacterial isolates were assigned the phyla Bacteroidetes, Firmicutes and
proteobacteria. Strains HME8202 and HMEB8336 were related to Maribacter lutimaris
(100 %) and Maribacter litorisediminis (99.7 %) within family Flavobacteria, respectively.
Strain HME8262 was a member of species Litoreibacter ponti (98.9 %, belonging to the
family Rhodobaceracea within Alphaproteobacteria) and strain HMF4132 was a members of
species Bacillus algicola (100 %, belonging to the family Bacillaceae within Bacilli),
respectively. Strains HMF2457 and HMF6043 were related to Maricaulis maris (99.0 % and
99.3 %, belonging to the family Hyphomonadaceae within Alphaproteobacteria). The
phylogenetic analysis results of twelve isolates present in Figure 1 and Tablel. The isolated
strains were mainly Gram-stain-negative, rod-shaped and oxidase produced, but strain
HMF4132 was Gram-stain-positive, and oxidase activity of strain HME8514 was negative.
The detailed morphological (Figure 2) and biochemical characteristics of twelve strains are

also shown in the species description section.

Description of Flavobacterium aquaticum HME8540
Cells are Gram-stain-negative, non-flagellated and rod-shaped. Colonies are circular,
convex, entire and yellow-colored after incubation at 30 °C on R2A agar for 2days. Oxidase

is produced. With API 20NE strips, nitrate reduction, indole production, glucose
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fermentation, aesculin hydrolysis, arginine dihydrolase, urease, gelatinase and B-
galactosidase (PNPG test) activities and assimilation of D-glucose, L-arabinose, D-mannose,
D-mannitol, N-acetyl-glucosamine, D-maltose, potassium gluconate, capric acid, adipic acid,
malic acid, trisodium citrate and phenylacetic acid are negative. Strain HME8540
(=NIBRBAC000002219) was isolated from a fresh water stream located on Yongin,
Republic of Korea. The 16S rRNA gene sequence of strain HME8540 has been deposited in
the GenBank database under accession no. KC157036.

Description of Brevundimonas variabilis HMF4573

Cells are Gram-stain-negative, non-flagellated and rod-shaped. Colonies are circular,
convex, entire and orange-colored after incubation at 25 °C on R2A agar for 3days. Oxidase
is produced. With API 20NE strips, aesculin hydrolysis and B-galactosidase (PNPG test)
activity and assimilation of D-glucose, D-maltose, potassium gluconate, capric acid, adipic
acid, malic acid and phenylacetic acid are positive, but nitrate reduction, indole production,
glucose fermentation, arginine dihydrolase urease and gelatinase activities and assimilation
of L-arabinose, D-mannose, D-mannitol, N-acetyl-glucosamine and trisodium citrate are
negative. Strain HMF4573 (=NIBRBAC000498442) was isolated from fresh water wetland,
located on Gwangju, Republic of Korea. The 16S rRNA gene sequence of strain HMF4573
has been deposited in the GenBank database under accession no. KY047394.

Description of Brevundimonas staleyi HMF4667

Cells are Gram-stain-negative, flagellated and rod-shaped. Colonies are circular, convex,
entire and yellow colored after incubation at 25 °C on R2A for 3days. Oxidase is produced.
With API 20NE strips, aesculin hydrolysis and assimilation of D-glucose, D-maltose, adipic
acid and malic acid are positive, but nitrate reduction, indole production, glucose
fermentation, arginine dihydrolase, urease, gelatinase and RB-galactosidase (PNPG test)
activities and assimilation of L-arabinose, D-mannose, D-mannitol, N-acetyl-glucosamine,
potassium gluconate, capric acid, trisodium citrate and phenylacetic acid are negative. Strain
HMF4667 (=NIBRBAC000498446) was isolated from fresh water wetland, located on
Gwangju, Republic of Korea. The 16S rRNA gene sequence of strain HMF4667 has been
deposited in the GenBank database under accession no. KY047398.
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Description of Massilia terrae HME8620

Cells are Gram-stain-negative, non-flagellated and rod-shaped. Colonies are circular,
raised, entire and brown-colored after incubation at 30 °C on R2A agar for 2days. Oxidase is
produced. With API 20NE strips, aesculin hydrolysis and R-galactosidase (PNPG test)
activity and assimilation of D-glucose, L-arabinose, D-mannose, N-acetyl-glucosamine, D-
maltose, potassium gluconate and malic acid are positive, but nitrate reduction, indole
production, glucose fermentation, arginine dihydrolase urease and gelatinase activities and
assimilation D-mannitol, capric acid, adipic acid, trisodium citrate and phenylacetic acid are
negative. Strain HME8620 (=NIBRBAC000002227) was isolated from fresh water reservoir
of Hankuk University of Foreign Studies campus, Yongin, Republic of Korea. The 16S rRNA
gene sequence of strain HMEB8620 has been deposited in the GenBank database under
accession no. KC134363.

Description of Lysobacter olei HME8633

Cells are Gram-stain-negative, non-flagellated and rod-shaped. Colonies are circular,
convex, entire and yellow-colored after incubation at 37 °C on R2A for 2days. Oxidase is
produced. With APl 20NE strips, aesculin hydrolysis and R-galactosidase (PNPG test)
activity and assimilation of D-glucose, L-arabinose, D-mannose, N-acetyl-glucosamine, D-
maltose, potassium gluconate and malic acid are positive, but nitrate reduction, indole
production, glucose fermentation, arginine dihydrolase urease and gelatinase activities and
assimilation D-mannitol, capric acid, adipic acid, trisodium citrate and phenylacetic acid are
negative.  Strain HME8633 (=NIBRBAC000002228) was isolated from fresh water
reservoir of Hankuk University of Foreign Studies campus, Yongin, Republic of Korea. The
16S rRNA gene sequence of strain HME8633 has been deposited in the GenBank database

under accession no. KC134364.

Description of Acinetobacter kookii HME8514
Cells are Gram-stain-negative, non-flagellated and ovoid rod-shaped. Colonies are circular,

convex, entire and white-colored after incubation at 30 °C on R2A for 2 days. Oxidase is not
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produced. With APl 20NE strips, assimilation of capric acid and phenylacetic acid is
positive, but nitrate reduction, indole production, glucose fermentation, aesculin hydrolysis
and gelatinase activities and assimilation of D-glucose, L-arabinose, D-mannose, D-mannitol,
N-acetyl-glucosamine, D-maltose, potassium gluconate, adipic acid, malic acid and trisodium
citrate are negative. Strain HME8514 (=NIBRBAC000002215) was isolated from a fresh
water stream located on Yongin, Republic of Korea. The 16S rRNA gene sequence of strain
HMES8514 has been deposited in the GenBank database under accession no. KC201357.

Description of Maribacter lutimaris HME8202

Cells are Gram-staining-negative and rod-shaped. Colonies are circular, convex, smooth
and yellow-colored after incubation at 30 °C on marine agar for 2days. Oxidase is produced.
With APl 20NE strips, aesculin hydrolysis and R-galactosidase (PNPG test) activity are
positive, but nitrate reduction, indole production, glucose fermentation, arginine dihydrolase,
urease and gelatinase activities and assimilation of D-glucose, L-arabinose, D-mannose, D-
mannitol, N-acetyl-glucosamine, D-maltose, potassium gluconate, capric acid, adipic acid,
malic acid, trisodium citrate and phenylacetic acid are negative. Strain HME8202
(=NIBRBAC000001868) was isolated from seawater of the Yellow Sea located on Buan,
Republic of Korea. The 16S rRNA gene sequence of strain HME8202 has been deposited in
the GenBank database under accession no. JQ420021.

Description of Maribacter litorisediminis HME8336

Cells are Gram-staining-negative and short rod-shaped. Colonies are circular, convex,
smooth and yellow-colored after incubation at 30 °C on marine agar for 3days. Oxidase is
produced. With APl 20NE strips, nitrate reduction, aesculin hydrolysis and 3-galactosidase
(PNPG test) activity and assimilation of D-glucose and D-mannitol are positive, but indole
production, glucose fermentation, arginine dihydrolase urease and gelatinase activities and
assimilation of L-arabinose, D-mannose, N-acetyl-glucosamine, D-maltose, potassium
gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid are
negative. Strain HME8336 (=NIBRBAC000001873) was isolated from seawater of the
Yellow Sea located on Buan, Republic of Korea. The 16S rRNA gene sequence of strain
HME8336 has been deposited in the GenBank database under accession no. JQ762253.
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Description of Bacillus algicola HMF4132

Cells are Gram-staining-positive, non-flagellated and ovoid rod-shaped. Colonies are
circular, convex, smooth and yellow-colored after incubation at 30 °C on marine agar for 3
days. Oxidase is produced. With APl 20NE strips, aesculin hydrolysis, gelatinase and R-
galactosidase (PNPG test) activities and assimilation of D-mannitol and trisodium citrate are
positive, but nitrate reduction, indole production, glucose fermentation, arginine dihydrolase
and urease activities and assimilation of D-glucose, L-arabinose, D-mannose, N-acetyl-
glucosamine, D-maltose, potassium gluconate, capric acid, adipic acid, malic acid and
phenylacetic acid are negative. Strain HMF4132 (=NIBRBAC000497912) was isolated from
a sand of seashore located on Jeju, Republic of Korea. The 16S rRNA gene sequence of
strain HMF4132 has been deposited in the GenBank database under accession no. KT984000.

Description of Maricaulis maris HMF2457

Cells are Gram-staining-negative, flagellated and rod-shaped. Colonies are circular,
convex, smooth and pale pink-colored after incubation at 25 °C on marine agar for 3days.
Oxidase is produced. With API 20NE strips, aesculin hydrolysis and gelatinase activity are
positive, but nitrate reduction, indole production, glucose fermentation, arginine dihydrolase,
urease and B-galactosidase (PNPG test) activities and assimilation of D-glucose, L-arabinose,
D-mannose, D-mannitol, N-acetyl-glucosamine, D-maltose, potassium gluconate, capric acid,
adipic acid, malic acid, trisodium citrate and phenylacetic acid are negative. Strain HMF2457
(=NIBRBAC000498226) was isolated from lagoon located on Gangneung, Republic of
Korea. The 16S rRNA gene sequence of strain HMF2457 has been deposited in the GenBank

database under accession no. KP099953.

Description of Maricaulis maris HMF6043

Cells are Gram-staining-negative, flagellated and rod-shaped. Colonies are circular,
convex, smooth and beige colored after incubation at 25 °C on marine agar for 3days.
Oxidase is produced. With API 20NE strips, aesculin hydrolysis and gelatinase activity are

positive, but nitrate reduction, indole production, glucose fermentation, arginine dihydrolase,
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urease and B-galactosidase (PNPG test) activities and assimilation of D-glucose, L-arabinose,
D-mannose, D-mannitol, N-acetyl-glucosamine, D-maltose, potassium gluconate, capric acid,
adipic acid, malic acid, trisodium citrate and phenylacetic acid are negative. Strain HMF6043
(=NIBRBAC000498449) was isolated from seawater of the South Sea located on Boseong,
Republic of Korea. The 16S rRNA gene sequence of strain HMF6043 has been deposited in
the GenBank database under accession no. KY047401.

Description of Litoreibacter ponti HME8262

Cells are Gram-staining-negative and rod-shaped. Colonies are circular, convex, entire and
white-colored after incubation at 30 °C on marine agar for 3days. Oxidase is produced. With
APl 20NE strips, aesculin hydrolysis is positive, but nitrate reduction, indole production,
glucose fermentation, arginine dihydrolase, urease, gelatinase and and R-galactosidase
(PNPG test) activities and assimilation of D-glucose, L-arabinose, D-mannose, D-mannitol,
N-acetyl-glucosamine, D-maltose, potassium gluconate, capric acid, adipic acid, malic acid,
trisodium  citrate and phenylacetic acid are negative. Strain HME8262
(=NIBRBAC000001870) was isolated from seawater of the Yellow Sea located on Buan,
Republic of Korea. The 16S rRNA gene sequence of strain HME8262 has been deposited in
the GenBank database under accession no. JQ687345.
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Table 1. Summary of isolated strains and their taxonomic affiliations.

Environment Class Order Family Genus Strain ID NIBR ID Most closely realted species Similarity Isolation Medium Incub_at_lon
(%) Source condition
Flavobacteria Flavobacteriales Flavobacteriaceae Flavobacterium HME8540 NIBRBAC000002219 Flavobacterium aquaticum 98.8 ‘I;’r:tseP: R2A 30°C, 2d
HMF4573 NIBRBAC000498442 Brevundimonas variabilis 100 Wetland R2A 25°C, 3d
Alphaproteobacteria Caulobacterales Caulobacteraceae Brevundimonas
HMF4667 NIBRBAC000498446 Brevundimonas staleyi 98.8 Wetland R2A 25°C, 3d
Fresh water
Betaproteobacteria Burkholderiales Oxalobacteraceae Massilia HME8620 NIBRBAC000002227 Massilia terrae 99.9 ‘I;’r:ts;: R2A 30°C, 2d
Lysobacterales Lysobacteraceae Lysobacter HME8633  NIBRBAC000002228 Lysobacter olei 98.7 ‘I;’r;sel: R2A 37°C, 2d
Gammaproteobacteria
Pseudomonadales Moraxellaceae Acinetobacter HMES8514 NIBRBAC000002215 Acinetobacter kookii 98.6 "I:J;Z': R2A 30°C, 2d
HME8202  NIBRBAC000001868 Maribacter lutimaris 100 Seawater MA 30°C, 2d
Flavobacteria Flavobacteriales Flavobacteriaceae Maribacter
HME8336  NIBRBAC000001873 Maribacter litorisediminis 99.7 Seawater MA 30°C, 3d
Bacilli Bacillales Bacillaceae Bacillus HMF4132  NIBRBAC000497912  Bacillus algicola 100 f::gh%fre MA 30°C, 3d
Marine
HMF2457 NIBRBAC000498226 Maricaulis maris 99.0 lagoon MA 25°C, 3d
Hyphomonadaceae Maricaulis
Alphaproteobacteria Rhodobacterales HMF6043  NIBRBAC000498449 Maricaulis maris 99.3 Seawater MA 25°C, 3d
Rhodobacteraceae Litoreibacter HMES8262  NIBRBAC000001870 Litoreibacter ponti 98.9 Seawater MA 30°C, 3d

45
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HMEG6043
Maricardis maris MCS10T (CP000449)
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Figure 1. Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences, showing

the relationship between isolated strains and their relatives. Bootstrap values (>70%) are

shown. Bar, 0.05 substitutions per nucleotide position.
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8l

Figure 2. Transmission electron micrographs or scanning electron micrographs of cells.

Strains: a, HME8540; b, HMF4573; ¢, HMF4667; d, HME8620; e, HME8633; f, HME8514;
g, HME8202; h, HME8336; i, HMF4132; j, HMF2457; k, HMF6043; |, HME8262.
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