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Effects of Multi-Strain Probiotics on Growth, Immunity and Disease Re-
sistance in Olive Flounder Paralichthys olivaceus
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This study evaluated the effects of dietary multi-strain probiotics on growth performance, plasma biochemical and
immune parameters, immune-related gene expression, and disease resistance in olive flounder (Paralichthys oliva-
ceus), assessed by cumulative mortality after an Edwardsiella tarda challenge. Fish were fed diets containing Bacillus
subtilis (B), Enterococcus taecium (E), and Pediococcus pentosaceus (P) for 5 weeks. Compared with the control
group, fish fed the B+E, E+P, and B+E+P diets had significantly higher final body weight, weight gain, and specific
growth rate and lower feed conversion ratios (P<0.05). Plasma lysozyme activity was significantly higher in the
B+E+P group (P<0.05), whereas plasma biochemistry, phagocytic activity, anti-protease activity, and immune-relat-
ed gene expression did not differ among treatments. After the E. tarda challenge, probiotic-fed groups showed lower
cumulative mortality than the control group, although the differences were not significant. Thus, dietary multi-strain
probiotics improved growth performance, feed utilization, and plasma lysozyme activity in olive flounder; however,
their effects and underlying mechanisms require further investigation.
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Y X|(Paralichthys olivaceusy= =] sflito]iF QFA] Ak¢lof vy Qlth(Kim and Heo, 2019; Kim et al., 2022; Lee et al.,
A 2 A H| S-S AR Sh= T32 A Q1 AAA 9FA] o] Folt 2024). £3| Bacillus, Enterococcus 2 Pediococcus <; 1|35
(NIFS, 2024). 121} o4 oF] 2hgut e AR 2712 2 protease, amylase 2 lipase®} -2 A3} H A4S HH|slo] &
ol Fo] Aeld AEY A} Al A Y YEE S7HAA FA0 ol Y = B ol 7]ofdk= Ao A A Sk
A% Aot 9 g d|Afe) B2 FA A £AS F-SHoH(Lee et (Martinez Cruz et al., 2012; Yuan et al., 2024; Lee et al., 2025;
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Mohammed et al., 2025). E3+ o] 52 gto] a2} Z-A(lyso-
zyme activity), 443 &/d(phagocytic activity) 2 g2l
B3| &4 24 (anti-protease activity) 5 H]Eo0] 4 HHFS-S
2Asto] YA o tiet 27] o] 58S A= Aer
A4 A QJth(Loh, 2017; Ferraboschi et al., 2021).
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T-AHH S 2 Bacillus subtiliss= -8t 5.4 A4 3+ ¢k
QA2 vlEko 2 A S Tae chobe b4l of oAl 4 W
He 22 §37F B v QItk(Cha et al., 2012). =3+ En-
terococcus faeciume AU 27 WA W W 24 7]50] &
T3 L2 HPo] QEIA R A A 9l oW (Lee et al., 2025; Zhang
et al., 2025), Pediococcus pentosaceus A St T4 U &

F o =7 anE UelyE 2o 2 Bz dth(Dawood et
al, 2016), 019} 7o) £l FHE T8 zufo] S El @I%
= o] pEo] ghot, B o 23] whE ey
sH kg3l AR A ol et A7 ol e 2E
gk Aol

up2ba] B ASLol| A= B. subtilis, E. faecium 2 P. pentosa-
cousZ 27t TRHlo| 2 el Bt 352 Ao FolF T
A A\, WOk 2|1, w]So|d meluhe, wel el
SHA 0 W AR 7S Sele] B3t mavjol
Bls0] o] B3HE FUHOR BASIA,

M= o
TZHIO|QEIA #F0o| H2| 4 =X

2 Aol AR s HAY A WeEERE 26k
o A YE=S phosphate -buffered saline (PBS, pH 7.4)&
o] g3lo] A4 34T & tryptic soy agar (TSA), yeast pep-
tone dextrose agar (YPD) 2 de Man, Rogosa and Sharpe agar
(MRS) vz o] 242} =gl o] 3 v 2l= 20°Cofl A 24417k
et Hiefstelon, 4E F=YE vHE Aduidsto] ¢4
wEfstoict. #e]H o= 217 E-TSA-3, YPD-N2 9 MRS-
Ad-12 sl

T A4S 5ol genomic DNAE %3+ & universal
primer®] 27F (5'-AGR GTT YGA TYM TGG CTC AG-3')2}
1426R (5-RGY TAC CTT GTT ACG ACT T-3")= o|-8-5}o]
16S rRNA F+3AE 52313t} Polymerase chain reaction
(PCR) AH=2] 947141 ¥€-2 EzBioCloud database (CJ Biosci-
ence, Inc., Seoul, Korea)5 ©|-8-5}0] 24319 20, E-TSA-3
2 B. subtilis, YPD-N2+= E. faecium, MRS-A4-1-2- P, pento-
saceus= 7_‘1—7_11— E;HE]O%E]_ ES E;H_Q] x—ls‘z]-/dg l;;_o] ] _CIL]gH 3}
BE AZGHA ALZEE 16S 1RNA, gyrB 2 mpoB A4
FZ3F 16S rRNA 544} 7] 492 NCBI BLASTn—g
0|85+, gyrB % poB |5 o] e Ak A -2 NCBI BLASTp
= o] g3j0] W Fro}e] A FAHES vl L o] 5 2
F= o)A A7(Lee et al., 2025)0l| 4] A D 54, 3kt
B W £BHEA AANSS B71ste] ol o e A T
2 Adtg|glon, AR A B A} =4 £ YT}
T2 5 biosynthetic gene cluster= &% A &gt TAE o+
= glycerol stock FE| 2 A|Z5}0] -80°Co]] HkalH A Al¢
off AH&-sF3ATE
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-le
0

B Aol A= {28 Al g ALE (Daebong LF Co., Ltd.,
Jeju, Korea)S 7| & AlR 2 ARE-Sl3ITH T2 Hfo] @ ElA A2
= B. subtilis (B), E. faecium (E) ¥ P. pentosaceus (P)2] Y
A i olts AR Aol whet Eetsto] AlxskdTh A2+
= @5 230l we} £ 35 25 A2 TBIE, BIP, E+P)e}
Al 5 T3 A HBHEAP)E, £ 4502 A5G 2
F AL OIS SR /1 ARl olcl 2
sHA ARk, HF e AR 1 g3 °F 6.5 107 CFU
ﬂﬂiiiﬁwqqﬂﬁéfﬁ%wwaiéﬂﬁﬂ
off A} o8 T ZR o] A S HbelA| ke 7]
2 AP ARESHIT

ME0| % AS22

2 Aol ARE PA= FSHAEhY SEA
%‘_—% ol Al v AR & 31 5HH 2557 = A A
}oict. A},Tuoloﬂ Hat A% 16.98+2.26 go] A&
g3t on, 98 o3 Sz(ulet WA 0.2 m?)o]
ng|» z+ moq;Loﬂ 3upEo g le-_r] HHX]o]— c}, Et‘g 7]7LP
Ee ollojeo] dE HAIske] &
AL, i 52 214+04CYL} A‘W}ﬁ%1<?=_‘2§(09-00
21 17:00), o 4E2] 3% 557+ Aok Folatgich ¥ AR
= 5 A3 =] o] zheko] 'AYSHA] ghgkow, AR 717t 5
ok A Aot IAE HA= WASHA Tt 2 AEE =
Yatpehd FE A8 93] 9 590 ol 3= qlt
(2024-NIFS-IACUC-46).
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27:7k9] 7] A% 5 A1701] 27] )% (initial body weight,
BW)S Z4elglon], s57ke] L% AF F7 ¥ 2% A%
(final body weight, FBW)S 43}t Al d 3 <H(feed in-
take, F))2 A3 7|7k 59 2t 20 33 & ARHS 7]
o'z Asigon, FiHE ARE B ARl A FIE
FHE ARG FASNAT. 24 A0S vhow ZA
(body weight gain, BWG), 4| &(weight gain rate, WGR), &
7H%E(specific growth rate, SGR) 2! Al= @ 7-E-(feed con-
version ratio, FCR)2- T}2- 4|2 0| &-35}0] AF=E3)3iT

5l

h=

Z

=

BWG (g)=FBW-IBW

WGR (%)=[(FBW-IBW)IBW] x 100

SGR (%/day)=[In(FBW)-In(IBW))/days x 100
FCR=F/BWG

ANz &3 L HxE

s57ro] Ak Al

8 5 7, 2 o] 4 591 Sutel (4
#7195 150}e)) AEs

34@1 22 A3 BE Ao
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+ 2-phenoxyethanol 100 ppm (Sigma-Aldrich Inc., St. Louis,
MO, USA) L. & mp3{stlo, glutdd A2 E | mL A&
ol-gstof n| Ao A YA & 2F 222 SR AHH
3t FHL 4°ColA] 3,000 pm O 2 1087+ YA E |5t} EA)

2 @glon], B4 A7 S0C) HETh HEE 7 24
° A YA ol §3to] Z4 FHFAT FRNAFE A7

-80°Ce]| 23}t
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A Y glucose (GLU), alkaline phosphatase (ALP), glu-
tamic oxaloacetic transaminase (GOT), glutamic pyruvic
transaminase (GPT) ¥ total protein (TP) 452 A-g-AY3}st
E47](FUJI DRI-CHEM NX500; FUJIFILM Corporation,
Tokyo, Japan)S ©]-8-5t01 =743t

ALA| 3 2H4-2 Miiller et al. (1981)9] HWhi o] whe} £41519]
t}. A& 50 uL &} nitroblue tetrazolium (NBT) £ 50 L= &
gato] A2 1ol A 304 5 <t ¥H-A1X1 5 N,N-dimethyl-
formamide 100 L& 3 7}5}o] W32 F 23T, 0] 5-4°Cof|
A1 3,000 rppm ©- = 10427+ 423k & 454 20 uLol| PBS
180 uLE =3sto] 550 nmoll A F3=sE S4sk3ich

2to]22ke] &4 Hikima et al. (2001)2] BHHS oF7F W
galo] B8t 54 A% Micrococcus lysodeikticuss
1x PBSe] @Esto] 2F F=7} 0.02%7F H s =[5k
t}. 0.02% M. lysodeikticus @ErH 190 uLe} G4 10 uLE &
gtslo] Ao A 187 HES-AI7] & 530 nmoj| A 1 7HF o2
2087 FEEE S golaxtd 24 £ 5
0.001 Z+2E 1 unit® & AAkskgict.

g gobd &AL Coélho et al. (2016)2] B k7 ¥
@oto] A5k @4 10 uLek S mg/mL trypsin -84 10 uL
£ 23toto] Ao A 1027 ¥H3-A171 <, PBS 100 pLet 2%
azocasein 100 LS £33 890 200 uLE Z7}s}ho] A0 A

H1

1AI7E 52t "S- A1 FH e 0] 5 10% trichloroacetic acid 500 uL
A7sko] Hhe-S E &3} 6,000 rpmof 4] 5E7F LAl EE]
3+ &AM 100 Lol 1 N NaOH 100 uL& &33te 450 nm

il

0:

Alg 0] 9] 7+ 2 A o) A] RiboEx reagent (GeneAll Biotechnol-
ogy Co., Ltd., Seoul, Korea)E ©]-83}¢] total RNAE &3t
%, PrimeScript RT Reagent Kit (Takara Bio Inc., Kusatsu,
Japan)= cDNAE @/ st3ich. W o -2 e-type Iy-
sozyme, CD4 4 CD89] 2r&-2 quantitative real-time PCR
(QuantStudio 3; Thermo Fisher Scientific Inc., Foster City,
CA, USA)Z o]-&5to] 45130, o5 F74d A= Z=H]o|
QB2 golo wE AXHe] 9 A4 W vk Brtst
7] 913t A ;2 AA8E T PCR 7 272 95°Cofl 4] 102
7F 27] HAISE & 95°Col| A 15%, 60°Coll A 152 A& &=
40 cycles RHE51IT 2f G-20212] A4 2 f-actine
Y 270 2 ARgS5lo] 2-4 A1 (Livak and Schmittgen,
2001)L.2 AtE3)¢ o, BAof AR8-5t primer A X += Table

1o} A A}

AL
SAE

SE2L0) A% AR FR T, GAETSATY AEAY
AlE](Korean Collection for Type Cultures, KCTC, Daejeon,
Korea)ol| 4| E2-9Ft-S Edwardsiella tarda KCTC 12267'E 3
A2 AT E. tardat= A3 Aol T8 A4 2
Hel o=gl=e] Aelom elA glo] WA B}
2 919 FARF2 ARSI Aol 2 AR TY % 900}
el(4 3002l 3912 XISk E. tardats B A
ol-g3to] HF =71 2.0x10° CFU/mLo] H=% %
, Ao JHAIS 100 pLA E7F W FAksto] Q19] 44
o, o5 2191 591 '+ A 2ASHTh BE 4
14= 1L4CE fA5 0, ofofdlo] 3& AAlste] 3
FAE SRS GA5 ) ARS4e] 50%F Bl

i
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Table 1. Primer sequences used for quantitative real-time PCR analysis in olive flounder Paralichthys olivaceus

Gene Primer (5'-3')

Accession number

F: CTG TGG GCAGGAAAGACTTC

c-type lysozyme AB050589.1
R: GGAAGT GTT GGT GGAGAG G
F: AGG TGC CAG TGAGGT GGTTTAT
CD4 XM_069537653.1
R: GCC GTC CTG TTTACC AAAACT C
F: CGC TGC GCT GCAATG AT
CcD8 AB082958.1
R: CAC GCC CCA CCT GTAACC
. F: CAT CAG GGAGTGATG GTG GGTA
[B-actin AF216646.1

R:ATACCG TGC TCGATG GGG TACT

F, forward primer; R, reverse primer; PCR, polymerase chain reaction.
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itk Aelolo] ol W U Aol FEL Y 28] ol WA BT 7H-OJT Aol Z LR 00 (P<0.05), B+ET, E+PT-
shgom, LAk Afe ] e} sirtoli Wl A AASKTE,  BHEPOIA] AL folshl BO gk Mgtk v,
SN B+ A ThE Hel ek §-oJ3t 2fol} Shelix] egket.

FCR E3F A7) 7F§-9] 3t 2ol & UE 2 H(P<0.05), B+E
HE A% At 3RHE10] 3 + F2H 2 mean+ SD)E T, B+PF W BHE+PTOA iR R fo5H W g
vrer it A g 7 Afol & 48} | {8l GraphPad Prism Btk b, BHPLo| A= Tk A2 tet §-9J3t 2jol 7} &t

ol

(version 5.0; GraphPad Software Inc., La Jolla, CA, USA)< ol%]R] gttt o] A ALo| M B, subtilis X E. facciumo)
o]-gsto] UufA| FEAHEA](one-way analysis of variance, protease, amylase & lipase A4S UEh = Ao & H g 9]
ANOVA)S =33}9 0.1, §-9] 3t o] 7} 15 7Z-9- Tukey's o w(Lee et al., 2025), 0|3t 43}hE 4 TA-L o] 45}
multiple comparison testE =335} t}. P<0.058 54422 o 52 59 dRAb| 7]0]3F 2= 9l Ao & ok A Q). ulet
Folgt Ao & wetsgit. A B oo A dB Hat J—ilﬂ]—o]gﬂ/\ A o] AR T
o} A1 o|§ fgo] AAIH Auh mzrlo] oA Folof up

2% % 1% £ oot ol 4 islol FRIEISS 1548 AlAaIcE, o]l

S+ 3= Bacillus spp. S w017 7]& Atoll Al A4 322 AL
& o]§ ago| P A= Rarek FARHItHCha et al,
2013; Lee et al., 2020). Thak, 2 oo 4= thol 2 Ha] 7
£ 236 ehgtong B3k o) avs N J5o At
e} 213 BlaLstAY ot 1 A2 AE-S sl ol A7
Ut webA ol thgt HFE oY o= A g5 2R T4
HAFE ol o]Foid Hart et

gA @4 4stetA i 24 Al Table 494 2t
527} T2uo] 9 ElAZ Folat Y| o] A% ]E FIDAL=IY SLU’ ALP, GOT, GPT ¥l TP= = = Aol A ROJE Ato]
£ 59 B4 AT Table 33} 20}, [BW HE A5 7o] 4] S U A] kot o] 3]st Al 2 Aol AMEH B3t g
5] = Hlo] Q Bl A Fol7} Y] o] AaA oFAAL 925k A 71 7]

16.97—16.99g Hé“r]E %E]'M 5 /\Et\ﬂ Z_}' —‘]—6]' X]'OIL‘ 3} ‘—O]L]' ‘,’/__]’t_'ﬂﬁ EH*]’q] =) ;(-114 o] OﬂoL D]X]X] 0}o}l o O }\]/\]_

o)) z] orolr} ALS- g T =1} o Al T3 A=
15| 2] ehRITh AR F2 5 FBW, BWG, WGR 2 SGR2 4 &t} o] Bacillus spp. 0] 3 Y] 9] SolAyssA % ol

16S rRNA 3-##} 24 A3}, E-TSA-3, YPD-N2 2! MRS-
Ad-12 27+ B. subtilis, E. faecium 2 P. pentosaceus= 573
= Qleh 7 o= AR AA oA 2 gt 16S rRNA, gyrB
2 poB A Y& BA451o] PCR 7|4HE 168 rRNA - &} B4 of
e F 54 2E 229900, 2 f9%0) A SAE
= Table 29 A|AEFATh T3 54 o) AFE3F 16S rRNA 84
2} A7 D3} gyrB W rpoB] o] ofu| Ak A G2 Supple-
mentary Data S19]| A|A]8}%t}.

Table 2. Molecular identification and species confirmation of probiotic strains based on 16S rRNA, gyrB, and rpoB sequence analyses

Closest reference strain  Identity Closest reference strain  Identity Closest reference strain  Identity

Strain (165 rRNA) (%) (9yB) (%) (100B) (%)

B. subtilis NIFS B. subtilis 100.00 B. inaquosorum 98.61 B. safensis 95.58
E. faecium NIFS E. faecium 100.00 E. faecium 100.00 E. faecium 100.00
P. pentosaceus NIFS P. pentosaceus 100.00 P, acidilactici 94.60 P, acidilactici 95.42

B., Bacillus; E., Enterococcus, P., Pediococcus; NIFS, National Institute of Fisheries Science.

Table 3. Growth performance of olive flounder Paralichthys olivaceus fed diets supplemented with different combinations of probiotics for

5 weeks

IBW (g) FBW (g) BWG (g) WGR (%) SGR (%/day) FCR
Control 16.9943.01 46.5719.84° 29.59+49.84° 174.26157.93° 2.88+0.652 1.5540.772
B+E 16.98+1.93 50.6749.34° 33.6949.34° 198.39+54.98° 3.12+0.54° 1.28+0.44°
B+P 16.97+2.54 49.87+9.07% 32.8949.07% 193.72+53.44% 3.08£0.55% 1.3410.672°
E+P 16.98+1.68 50.7819.78° 33.8049.78° 199.08+57.61° 3.1340.58° 1.2910.46°
B+E+P 16.97+2.01 50.60+8.11° 33.62+8.11° 197.97+47.77° 3.12+0.48° 1.25+0.38°

Values are presented as mean+SD (=3 replicate tanks per group; 35 fish per tank). Different superscript letters within a column indicate sig-
nificant differences among groups as determined by one-way ANOVA followed by Tukey’s multiple comparison test (P<0.05). IBW, initial
body weight; FBW, final body weight; BWG, body weight gain; WGR, weight gain rate; SGR, specific growth rate; FCR, feed conversion
ratio; SD, standard deviation; ANOVA, analysis of variance; B, Bacillus subtilis; E, Enterococcus faecium; P, Pediococcus pentosaceus.
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Table 4. Blood biochemical parameters of olive flounder Paralichthys olivaceus fed diets supplemented with different combinations of

probiotics for 5 weeks

GLU (mg/dL) ALP (UIL) GOT (ULL) GPT (UIL) TP (g/dL)
Control 74.5£32.9 255.0+101.7 27.3:9.4 13.3£1.9 34103
B+E 62.8+32.7 259.3+108.8 26.0£11.3 12.643.1 3.440.3
B+P 59.5+29.4 219.2444.9 31.24¢10.8 14143 .4 3.5£0.2
E+P 47.7434.5 206.0+40.9 24.6£9.8 11.7¢1.6 3.4+0.4
B+E+P 60.7+20.5 211.9420.9 23.1£7.6 12.944.6 3.310.3

Values are presented as mean+SD (r=15 fish per group; 5 fish per tank). No significant differences were detected among groups by one-way
ANOVA followed by Tukey’s multiple comparison test (P>0.05). GLU, glucose; ALP, alkaline phosphatase; GOT, glutamic oxaloacetic
transaminase; GPT, glutamic pyruvic transaminase; TP, total protein; SD, standard deviation; ANOVA, analysis of variance; B, Bacillus

subtilis; E, Enterococcus faecium; P, Pediococcus pentosaceus.

A FEE1gE o) Hsk7F UehubA] QhQlth= 71 Ao Aatet &
AFsFATHKIm et al., 2022).

H219] H|Eo|& WA 4 Zil= Table 59t 2t &
A lysozyme 2442 AET I Ko AolE ERHL
(P<0.05), B+E+Pol| 4] 714 =& A4S B ich WA, A4
32 2/ 3} anti-protease T/d-> AT 1F 193 Aol & e}
WA ehSket. Lysozyme-2 o572 A Aol A All<t-&] A2
& woffsto] WA AA Tolsh= thE ARl H[Eo]4 |
o Q1A= A Q) S m(Magnaddttir, 2006), S ZHFO] Q Bl A
Tololl w2 lysozyme B/ 57F= thefRE of FollA] Hals vE
Qltk(Jang et al., 2013; Kim et al., 2022). & 510 4] B+E+P
T-9] lysozyme g o] f+2|51A| 71t Ak Al 179 H
o7k % lysozyme B/ /ol 71918kl 7He/d= AL
Stk ey A2 283} anti-protease B/ ol A= A
ZF Rt Aol 7} SRl EA] hgton g Bl TR Hlo] @ Bl A
o] H| 5|4 WY 24 avkE Bt ges| F7lsl7| flsiAl=

Table 5. Non-specific immune responses of olive flounder Parali-
chthys olivaceus fed diets supplemented with different combina-
tions of probiotics for 5 weeks

Phagocytic activity Lysozyme Anti-protease activity

(OD 550 nm)  activity (U/mL)  (OD 450 nm)
Control ~ 0.054+0.01 4.55+9.532 0.371+0.15
B+E 0.064£0.02  15.39+9.05%® 0.417£0.17
B+P 0.063+0.01 14.84+13.612 0.375+0.18
E+P 0.065+0.01 12.13+12.222 0.4530.14
B+E+P  0.05810.01  26.18+9.80° 0.437+0.14

Values are presented as mean+SD (n=15 fish per group; 5 fish
per tank). Different superscript letters within a column indicate
significant differences among groups as determined by one-way
ANOVA followed by Tukey’s multiple comparison test (P<0.05);
no significant differences were detected in phagocytic activity or
anti-protease activity (P>0.05). OD, optical density; SD, standard
deviation; ANOVA, analysis of variance; B, Bacillus subtilis; E,
Enterococcus faecium; P, Pediococcus pentosaceus.

7t d7F B asiet

|zl 7k 22 U Wy B FARc-type lysozyme, CD4,
CD8)9| oA df w4 Aib= Fig. 13 2ok 243 2=
HY T FAke] dra = A 7 28k Afo| & YEry
2| Tt AH A tol| A A Ql e WS F e gle
L, FAA foldo] SRIEA] o B R o5 K} ZEHlo|
QE|20 ot W 2d AR sA 67| of| = A7} Stk &
7% lysozyme 2/ 7} 7+ 221 9] c-type lysozyme A4 & <F
ol AA|BHA] o2 A2 G AR A ) Tl 2y Afo] o] 2
A oA zpolof] 71Q1gk A 0 & st UHbA © 2 mRNA Y
At o 2L AR 3 5l W) 3 2 (post-transcrip-
tional and post-translational regulation), THl2l oF A 4l E
3 £ 59 g vro g v A] AX|5HA] kS 4= ik
EoF @A lysozyme 2442 7k o] 2jo] Y Tl 220 A=
of| Al Y/ -&H| == lysozyme ] FaF2 THA| W9 4= At

E. tarda 37 % +2 HARs 4] A= Fig. 29 Atk &
= Aol e = Abo] kgl whet 4 HAREo]
S71stodeh. Al A & SURRE TEET] AL
o, Z2HFO| QE A ol Lo A= Rt ETE S A AL
o] WA= Ik 1eu 7 T 219419 2F +4 HARe=
ANOVAS} Tukey 2] thaH| w4 0 &2 HAG A}, A1t
Frofgt Afoli= YehA] gttt 3k 1 Aol A= Kaplan-
Meier A =24 7} log-rank 78S =34 3}H4] ¢rom, # AL 74
Aol Al F-Awt5=2] A= AAsHA] ettt whebA 2 Ay}
+ ZzHlo| QAo o3t A A S dF ok At
7| Hth=s 34 & 1A AR Y] ¥t P ol AutE
A a7t Qlrt. ok&e] Folgh ZEHlo| QEA F=0] A
W A2 o B E BholslA] ghgrom g by wAle: HE] oFA)
= 2] A A Q1 antE G5t ofl= eHA7F Sl

TUHAH R, YR B} Z2Hlo] QEIA Heftof| A= g 2] 9
A EeE AL o] & Eo] FoJsHA A E 9 o, B+E+P
Tl A= @7 lysozyme B/d 0] 12514 57151 ltE E]LE.
tarda FAAHol|A ZEHO]| QEIA o] ko] =4 FHARE0]
e ok e ke Ko Ad+ 7 SAA SR 9



280 oul - BA7 - UEE - e

(A) (B)
C-type lysozyme
2.0 30
£ £
S5 s $3
g ° T 20
ES ES
c c
@0 10 [}
=0 20
52 592
s 2 g & 108
x g 0.5 x g
@ o
0.0 0
B. subtilis - + + B. subtilis
E. faecium - + - * E. faecium
P. pentosaceus - - + + + P. pentosaceus

©)
cD4 cD8

S
T

2t

0

Relative mRNA
expression/g-actin

+ - + B. subtilis - + + - +
+ * E. faecium - * - + +
+ + + P. pentosaceus - - + + +

Fig. 1. Relative expression levels of c-type lysozyme, CD4, and CD8 genes in olive flounder Paralichthys olivaceus fed diets supplemented
with different combinations of probiotics for 5 weeks. Values are presented as mean+SD (1=3 replicate tanks per group). Gene expression
levels were analyzed by one-way ANOVA followed by Tukey’s multiple comparison test, and no significant differences were detected
among the experimental groups (P>0.05). SD, standard deviation; ANOVA, analysis of variance; B, Bacillus subtilis; E, Enterococcus fae-
cium; P, Pediococcus pentosaceus. (A), c-type lysozyme; (B), CD4; (C), CD8.
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Fig. 2. Cumulative mortality of olive flounder Paralichthys oliva-
ceus challenged with Edwardsiella tarda following a 35-day feed-
ing trial with diets supplemented with different combinations of
probiotics. Mortality was monitored daily for 21 days after chal-
lenge. Data are presented as mean+SD of cumulative mortality (%)
from three replicate tanks (7=3; 30 fish per tank). Final cumulative
mortality was analyzed by one-way ANOVA followed by Tukey’s
multiple comparison test, and no significant differences were de-
tected among the experimental groups (P>0.05). SD, standard
deviation; ANOVA, analysis of variance; B, Bacillus subtilis; E

Enterococcus faecium; P, Pediococcus pentosaceus.
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Supplementary data legend

Supplementary Data S1. Nucleotide sequences of 16S rRNA genes and amino acid sequences of gyrB and rpoB obtained from the whole-
genome sequences of Bacillus subtilis NIFS, Enterococcus faecium NIFS and Pediococcus pentosaceus NIFS.

Bacillus subtilis NIFS 16S rDNA nucleotide sequence

TCGGAGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGGACAGATGGGAGCTT-
GCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACC-
GGGGCTAATACCGGATGGTTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCC-
GCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCA-
CACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACG-
GAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAATAGGGC-
GGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTT-
GTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGT-
CATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAG-
GAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAG-
ATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCAT-
TAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCAT-
GTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAATCCTAGAGATAGGACGTCCCCTTC-
GGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCG-
CAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGAT-
GACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGACAGAACAAAGGGCAGCGAAACCGCGAG-
GTTAAGCCAATCCCACAAATCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAATC-
GCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCC-
GAAGTCGGTGAGGTAACCTTTTAGGAGCCAGCCGCCGAAGGTGGGACAGATGATTGGGGTGAAGTCGTAACAAGGTAGCCG-
TATCGGAAGGTGCGGCTGGATCACCTCCTTT

Bacillus subtilis NIFS gyrB amino acid sequence

MAMEQQQNSYDENQIQVLEGLEAVRKRPGMYIGSTNSKGLHHLVWEIVDNSIDEALAGYCTDINIQIEKDNSITVVDNGRGIPVGI-
HEKMGRPAVEVIMTVLHAGGKFDGSGYKVSGGLHGVGASVVNALSTELDVTVHRDGKIHRQTYKRGVPVTDLEIIGETDHT-
GTTTHFVPDPEIFSETTEYDYDLLANRVRELAFLTKGVNITIEDKREGQERKNEYHYEGGIKSYVEYLNRSKEVVHEEPIYIEGEK-
DGITVEVALQYNDSYTSNIYSFTNNINTYEGGTHEAGFKTGLTRVINDYARKKGLIKENDPNLSGDDVREGLTAIISIKHPD-
PQFEGQTKTKLGNSEARTITDTLFSTAMETFMLENPDAAKKIVDKGLMAARARMAAKKARELTRRKSALEISNLPGKLADCSSK-
DPSISELYIVEGDSAGGSAKQGRDRHFQAILPLRGKILNVEKARLDKILSNNEVRSMITALGTGIGEDFNLEKARYHKVVIMTDAD-
VDGAHIRTLLLTFFYRYMRQIIENGYVYIAQPPLYKVQQGKRVEYAYNDKELEELLKTLPQTPKPGLQRYKGLGEMNATQLWETTM-
DPSSRTLLQVTLEDAMDADETFEMLMGDKVEPRRNFIEANARYVKNLDI

Bacillus subtilis NIFS rpoB amino acid sequence

MTGQLVQYGRHRQRRSYARISEVLELPNLIEIQTSSYQWFLDEGLREMFQDISPIEDFTGNLSLEFIDYSLGEPKYPVEESKERDV-
TYSAPLRVKVRLINKETGEVKDQDVFMGDFPIMTDTGTFIINGAERVIVSQLVRSPSVYFSGKVDKNGKKGFTATVIPNRGAWLEYET-
DAKDVVYVRIDRTRKLPVTVLLRALGFGSDQEILDLIGENEYLRNTLDKDNTENSDKALLEIYERLRPGEPPTVENAKSLLDSRFFD-
PKRYDLANVGRYKINKKLHIKNRLFNQRLAETLVDPETGEILAEKGQILDRRTLDKVLPYLENGIGFRKLYPNGGVVEDEVTLQSIKI-
FAPTDQEGEQVINVIGNAYIEEEIKNITPADIISSISYFFNLLHGVGDTDDIDHLGNRRLRSVGELLQNQFRIGLSRMERVVRERM-
SIQDTNTITPQQLINIRPVIASIKEFFGSSQLSQFMDQTNPLAELTHKRRLSALGPGGLTRERAGMEVRDVHYSHYGRMCPIET-
PEGPNIGLINSLSSYAKVNRFGFIETPYRRVDPETGKVTGRIDYLTADEEDNYVVAQANARLDDEGAFIDDSIVARFRGENTVVSRN-
RVDYMDVSPKQVVSAATACIPFLENDDSNRALMGANMQRQAVPLMQPEAPFVGTGMEYVSGKDSGAAVICKHPGIVERVEAK-
NVWVRRYEEVDGQKVKGNLDKYSLLKFVRSNQGTCYNQRPIVSVGDEVVKGEILADGPSMELGELALGRNVMVGFMTWDG-
YNYEDAIIMSERLVKDDVYTSIHIEEYESEARDTKLGPEEITRDIPNVGEDALRNLDDRGIIRIGAEVKDGDLLVGKVTPKGVTEL-
TAEERLLHAIFGEKAREVRDTSLRVPHGGGGIIHDVKVFNREDGDELPPGVNQLVRVYIVQKRKISEGDKMAGRHGNKGVISKIL-
PEEDMPYLPDGTPIDIMLNPLGVPSRMNIGQVLELHMGMAARYLGIHIASPVFDGAREEDVWETLEEAGMSRDAKTVLYDGRTGE-
PFDNRVSVGIMYMIKLAHMVDDKLHARSTGPYSLVTQQPLGGKAQFGGQRFGEMEVWALEAYGAAYTLQEILTVKSDDVVGRVK-
TYEAIVKGDNVPEPGVPESFKVLIKELQSLGMDVKILSGDEEEIEMRDLEDEEDAKQADGLALSGDEEPEETASADVERDVVTKE
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Enterococcus faecium NIFS 16S rDNA nucleotide sequence

TATGAGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGTACGCTTCTTTTTCCACCG-
GAGCTTGCTCCACCGGAAAAAGAAGAGTGGCGAACGGGTGAGTAACACGTGGGTAACCTGCCCATCAGAAGGGGATAA-
CACTTGGAAACAGGTGCTAATACCGTATAACAATCGAAACCGCATGGTTTTGATTTGAAAGGCGCTTTCGGGTGTCGCTGATG-
GATGGACCCGCGGTGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCCACGATGCATAGCCGACCTGAGAGGGTGATC-
GGCCACATTGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCGGCAATGGACGAAAGTCT-
GACCGAGCAACGCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAACTCTGTTGTTAGAGAAGAACAAGGATGAGAGTAACT-
GTTCATCCCTTGACGGTATCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTT-
GTCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGT-
CATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAGAGTGGAATTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAG-
GAACACCAGTGGCGAAGGCGGCTCTCTGGTCTGTAACTGACGCTGAGGCTCGAAAGCGTGGGGAGCAAACAGGATTAG-
ATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTGGAGGGTTTCCGCCCTTCAGTGCTGCAGCTAACGCAT-
TAAGCACTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCAT-
GTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTTTGACCACTCTAGAGATAGAGCTTCCCCTTC-
GGGGGCAAAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCG-
CAACCCTTATTGTTAGTTGCCATCATTCAGTTGGGCACTCTAGCAAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGAC-
GTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGGAAGTACAACGAGTTGCGAAGTCGCGAGGCTA-
AGCTAATCTCTTAAAGCTTCTCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCGCG-
GATCAGCACGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTC-
GGTGAGGTAACCTTTTTGGAGCCAGCCGCCTAAGGTGGGATAGATGATTGGGGTGAAGTCGTAACAAGGTAGCCGTATCG-
GAAGGTGCGGCTGGATCACCTCCTTT

Enterococcus faecium NIFS gyrB amino acid sequence

MTEERSLVERAKEYDASQIQVLEGLEAVRKRPGMYIGSTSSEGLHHLVWEIVDNSIDEVLAGFATKIHVIIEKDNSITVID-
DGRGIPVDIQAKTGRPAVETVFTVLHAGGKFGGGGYKVSGGLHGVGSSVVNALSTQLDVKVYKEGNVYYQEYRRGAVVDDLKII-
EQTDRHGTTVHFTPDPEIFTETTEFDFSKLATRIRELAFLNRGMRISIEDKREEEPVINEYHYDGGIKSYVEYLNANKTVIFPEP-
VYLEGEQQDIAVEVSMQYTDGYHSNIMSFANNIHTYEGGTHESGFKTALTRVINDYARKQKLMKENDDNLTGEDVREGLTAVISIKH-
PDPQFEGQTKTKLGNSEVRTVTDRLFSEHFMKFLLENPSVGRQIVEKGLLASRARLAAKRAREVTRRKGALEISNLPGKLADC-
SSNDPEKCELFIVEGDSAGGSAKQGRNREFQAILPIRGKILNVEKASMDKILANEEIRSLFTAMGTGFGEDFDVSKARYHKLVIMT-
DADVDGAHIRTLLLTLFYRYMRPIVEAGYVYIAQPPLY GVKQGKNITYVQPGKNAEEELKQVVASLPASPKPSVQRYKGLGEMD-
DHQLWETTMDPSNRMMARVSVDDAIAADQIFEMLMGDRVEPRRAFIEENAHYVKNLDI

Enterococcus faecium NIFS rpoB amino acid sequence

MAGHVVKYGKHRERRSFARISEVLELPNLIEIQTDSYQWFLDEGLREMFEDILPIDDFNGNLSLEFVDYELKEPKYTVAEAR-
AHDANYSAPLHVTLRLTNRETGEIKAQEVFFGDFPLMTEQGTFIINGAERVIVSQLVRSPGVYFHGKVDKNGKEGFGST-
VIPNRGAWLEMETDAKDISYVRIDRTRKIPLTVLVRALGFGSDDTIFEIFGDSETLRNTVEKDLHKNASDSRTEEGLKDVYERLRP-
GEPKTADSSRNLLNARFFDPKRYDLANVGRYKVNKKLDLKTRLLNLTLAETLVDPETGEIVEKGTVLTHQVMETLAPFIDNGLNS-
VTYYPSEDGVVTDPMTVQVIKVFSPRDPEREVNVIGNGYPEAAVKTVRPADIIASMSYFLNLMEGIGNVDDIDHLGNRRIRSVGEL-
LONQFRIGLARMERVVRERMSIQDTETLTPQQLINIRPVVASIKEFFGSSQLSQFMDQTNPLGELTHKRRLSALGPGGLTRDRA-
GYEVRDVHYSHYGRMCPIETPEGPNIGLINSLSSYAKVNKFGFIETPYRRVDRETGRVTDQIDYLTADIEDHYIVAQANSPLNEDGT-
FAQDVVMARAQSENLEVSIDKVDYMDVSPKQVVAVATACIPFLENDDSNRALMGANMQRQAVPLINPQAPWVGTGMEYKSAHDS-
GAALLCKHDGVVEYVDASEIRVRRDNGALDKYDVTKFRRSNSGTSYNQRPIVHLGEKVEKGDTLADGPSMEQGEMALGQNVLVG-
FMTWEGYNYEDAIIMSRRLVKDDVYTSIHIEEYESEARDTKLGPEEITREIPNVGEDALKDLDEMGIIRIGAEVQDGDLLVGKVTPK-
GVTELSAEERLLHAIFGEKAREVRDTSLRVPHGGGGIVHDVKIFTREAGDELSPGVNMLVRVYIVQKRKIHEGDKMAGRHGNKGV-
VSRIMPEEDMPFLPDGTPIDIMLNPLGVPSRMNIGQVLELHLGMAARQLGIHVATPVFDGASDEDVWETVREAGMASDAKTVLY-
DGRTGEPFDGRVSVGVMYMIKLAHMVDDKLHARSIGPYSLVTQQPLGGKAQFGGQRFGEMEVWALEAYGAAYTLQEILTYKSDDV-
VGRVKTYEAIVKGEPIPKPGVPESFRVLVKELQSLGLDMRVLDIEETEIELRDMDDEDDDLITVDALTKFAEQQTAKELEKKAAEQVE-
DERDDVIQNFETAEDLD
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Pediococcus pentosaceus NIFS 16S rDNA nucleotide sequence

ATGAGAGTTTGATCTTGGCTCAGGATGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAACGAACTTCCGTTAATTGAT-
TATGACGTACTTGTACTGATTGAGATTTTAACACGAAGTGAGTGGCGAACGGGTGAGTAACACGTGGGTAACCTGCCCAGAAG-
TAGGGGATAACACCTGGAAACAGATGCTAATACCGTATAACAGAGAAAACCGCATGGTTTTCTTTTAAAAGATGGCTCTGCTAT-
CACTTCTGGATGGACCCGCGGCGTATTAGCTAGTTGGTGAGGTAAAGGCTCACCAAGGCAGTGATACGTAGCCGACCTGAGA-
GGGTAATCGGCCACATTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGAC-
GCAAGTCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGGTTTCGGCTCGTAAAGCTCTGTTGTTAAAGAAGAACGTGGG-
TAAGAGTAACTGTTTACCCAGTGACGGTATTTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAG-
GTGGCAAGCGTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTCTTTTAAGTCTAATGTGAAAGCCTTCGGCTCAAC-
CGAAGAAGTGCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAAATGCGTAG-
ATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTCTGCAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAG-
GATTAGATACCCTGGTAGTCCATGCCGTAAACGATGATTACTAAGTGTTGGAGGGTTTCCGCCCTTCAGTGCTGCAGCTAAC-
GCATTAAGTAATCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAAGAATTGACGGGGGCCCGCACAAGCGGTGGAG-
CATGTGGTTTAATTCGAAGCTACGCGAAGAACCTTACCAGGTCTTGACATCTTCTGACAGTCTAAGAGATTAGAGGTTCCCTTC-
GGGGACAGAATGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCG-
CAACCCTTATTACTAGTTGCCAGCATTAAGTTGGGCACTCTAGTGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGAC-
GACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGATGGTACAACGAGTCGCGAGACCGCGAGGT-
TAAGCTAATCTCTTAAAACCATTCTCAGTTCGGACTGTAGGCTGCAACTCGCCTACACGAAGTCGGAATCGCTAGTAATCGCG-
GATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGAGAGTTTGTAACACCCAAAGC-
CGGTGGGGTAACCTTTTAGGAGCTAGCCGTCTAAGGTGGGACAGATGATTAGGGTGAAGTCGTAACAAGGTAGCCGTAG-
GAGAACCTGCGGCTGGATCACCTCCTT

Pediococcus pentosaceus NIFS gyrB amino acid sequence

MADEKETKAELAREYDASQIQVLEGLEAVRKRPGMYIGSTSSQGLHHLVWEIIDNGIDEALAGFADKIDVIVEKDNSITVTDN-
GRGIPVDIQKKTGKPALETVFTVLHAGGKFGGGGYKVSGGLHGVGASVVNALSTELDARVMKDGKIYYIDFALGKVKTPMKTIG-
DTEHPDDHGTIVHFVPDPDIFQETTTYDINILKTRIRELAFLNKGLRITLKDMRPEKPTEDDFLYEGGIRHYVEYLNEGKEVIFPEPI-
YVEGVTKGITVEVAMQYIEGYQSKLLTFTNNIHTYEGGTHEEGFKRALTRVINDYAKNNNILKENDDKLSGDDVREGLTAVVSVKH-
PDPQFEGQTKTKLGNSDARTAVNEVFAETFNKFLLENPKVARQIVDKGILAAKARVAAKRAREVTRKKSGLELNNLPGKLADNTSK-
DPSISELFIVEGDSAGGSAKSGRSRLTQAILPIRGKILNVEKATLDRVLANEEIRSLFTALGTGFGEDFDVSKANYHKLIIMTDAD-
VDGAHIRTLLLTLFYRYMRPMIDAGFVYIAQPPLYQVRQGKMIQYIDSDEELETVLGQLSPSPKPVIQRYKGLGEMDAEQLWETTMN-
PENRRLLRVSAEDADAASGDFEMLMGDKVEPRRKFIEENAVFVKNLDI

Pediococcus pentosaceus NIFS rpoB amino acid sequence

MAGHLVKYGKHRTRRSYARIKEVLDLPNLIEIQSDSYQWFLDEGLREMFNDIMPIEDFAGKLSLEFVDYQLLEPKYTVDEAREHEA-
NYSAPLHVTLRLTNHETGEIKSQDVFFGDFPLMTEQGTFIINGAERVIVSQLVRSPGVYYNLDTDKNNRKIWGTTVIPNRGAWLEYET-
DAKEISYVRIDRTRKIPMTELVRALGFGSDEEIIDIFGGSDSLDFTLDKDVHKNPEDSRVAESLKDIYERLRPGEPKTADSSRSLL-
TARFFDPKRYDMAPVGRYKVNKKLSLKTRLLGQTLAETLADPDTGEVIAQKGEMVNKDVMKKLAVFLDRPDFKMVTYQPSEE-
AVVTEPMTIQVIKVQDPNDPERTLNMIGNGNIDAKLKHITPADIIASMNYFFLLQDGIGSTDDIDHLGNRRIRSVGELLQNQFRIGL-
SRMERVVRERMSIQDAETVTPQQLINIRPVVAATKEFFGSSQLSQFMDQTNPLGELSHKRRLSALGPGGLTRDRAGYEVRD-
VHYTHYGRMCPIETPEGPNIGLINNLASYGKINRYGFIETPYRRVSWEDHKVTDRIDYLTADEEDQFVIAQANSPLNDDGSFADDV-
VMARHESDNIETSIENVDYMDVSPKQVVAVATACIPFLENDDSNRALMGANMQRQAVPLVDPHSPLIGTGIEYKAAHDSGVALL-
CQHAGVVEYVDAREVRVRRDDGALDTYKLMKFRRSNGGKNYNQRPIVRVNDKVDADEVLADGPSMEQGELALGQNPLIAFMT-
WQGYNFEDAIAINERLVRDDVYTSIHIEEYESEARDTKLGPEEMTREIPNIGEDALRNLDQDGIVRVGAEVEDGDILVGKVTPKGV-
TELSAEERLLHAIFGEKAREVRDTSLRVPHGGGGIVQDVKIFTRENGDELSPGVNMMVRVYIAQKRKLQVGDKMAGRHGNKGT-
VSVVIPQEDMPYMPDGTPIDIMLSPMGVPSRMNIGQVLELHLGMAARNLGIHMTTPVFDGAQDKDIWEAVAEAGMDSDAKSVLY-
DGRTGEPFEQRVAVGVMHYMKLAHMVDDKIHARSIGPYSLVTQQPLGGKAQFGGQRFGEMEVWALEAYGAAYTLQEILTYKSDDV-
VGRVKTYEAIVKGEPIPRPGVPESFRVLVKELQALGLDMKVLGGDDQEVELRDMDEEDDDVVNVDALSKYAEKQNEKTNASAEE-
AKAPSTESAPVETKNNQN




