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Hatching mark the transition of oviparous fish embryos from protection within egg envelope to direct exposure to
aquatic microorganisms. In sturgeons, this occurs at the beginning of an extended yolk-dependent prelarval stage,
when immune organs remain underdeveloped. However, the inducible innate defence capacity of newly hatched stur-
geon prelarvae remains poorly characterized. This study examined acute immune-related transcriptional responses in
newly hatched Siberian sturgeon Acipenser baerii prelarvae using microinjection-based stimulation model. Handling,
anesthesia, non-injection, and saline injection produced no consistent changes in basal hamp or il1b expression, vali-
dating saline injection as a procedural control. Both LPS and poly (I:C) triggered rapid hamp upregulation, stronger
at 6 h than 12 h post injection, though not strictly dose-proportional. Live bacterial injection showed stimulus-depen-
dent patterns: Pathogenic Aeromonas hydrophila induced approximately 15 fold hamp induction at 6 h post injection,
and transiently elevated i/1b. In contrast, non-pathogenic Bacillus subtilis produced expression patterns comparable
to those of saline controls. Survival observations supported the biological distinction between the bacterial treat-
ments. These findings suggest that newly hatched Siberian sturgeon prelarvae can initiate selected antimicrobial and
inflammatory gene responses despite limited immune organ differentiation.
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M E TH(Castro et al., 2015; Zhang et al., 2019). A|H|&]o} A7FAFo]

(Siberian sturgeon Acipenser baerii)= FEsl+= YAl F &

Y o] ol A 3= o7t i (egg chorion) o] H 25 1l
ofL} )5 4] o] WA mFEE Nz ARPomA, R
3} A5 Apol= vE T 9 o 2 HeorEE UY
of HAPT} A HEE SJg 712 7)50] | ECkPérer-
Atehortia et al., 2023). 18t} dubd o g K3l 2ol 35
HY 7] 28] HAoHA] b2 nlAds Aol Eg Had
of Tzt AA| Wroli= A%/ W e(innate immune) FH- % &
& ™M Y(innate trained immunity)of] F&2 9|&% 740l =

-}l A& olobt(chondrostean group)ell 45t Akl ek
o] W917] Al uhet QFF RN SAS Tt 34 A
A Fol ATk A o) Bl o] 5-0] A4 o] g-o] F&HaL 3

(Park et al., 2013a; Tsessarsky, 2022; Brownstein and Near,
2025). thE ALl R} SABI 23k A Auelo} Az
Apoli= THE-ELS] Wol7| 3 W thAby| o] 1] S} Abefjo]rd, B
Sl & w2 71 W3 9|24 prelarval stages 7| 2 th(Park et
al.,, 2013b; Gradil et al., 2014). o] 717+ 53t Aju2]o} 74}
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WIS A= FAlol o7 Ho] HI 2| At A|7|71A] 43}

The S TRkt W 4719 2 & F o] o] Fol AL, F
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ol oF=
A= 4 1t 5 shuboloh ey Aol o] -, prelar-
val stage 7 L7toll Al AR 38 W 7]HEo] A=A &
= 5 1Y 7159 w9 s A7]7F LEbE Sl ol el
Hlal A2 o dAjs] A AE Tk g A glom, o] 2
7] prelarval -7kl A o] AH /4 S 7)5 B o] & I ot
Q 28210 gigt o]3))7F £3] 52 A E th(Chesneau, 2018;
Hohne et al., 2021). 23| = B0l 8] o] B2 T ol
S R A o7]-EA o) 7]l A 22 Eo] A3l o Y "o
7150l thgt dq-5o] 5 o Rl QlaL, AA| 7t H3ljt 27
o] of A3 A ol 7]kl tiet A A EA = v
Al Aol

W Atol (prelarvae)s thAt o= WA Al AApdd vk
= A8t Al fleiAe AYE A Ao A=
(stimulant)e =%3k= Zlo] 525k, whehAl vlAl=Y 71H
(microinjection) & A=A ] 7, oF, =, 9] 922 919
2 FAIE Eol Aol Al=stA] o2 217 2919 Bl =A] 7Y
U= 2|43t 4= Gtk SHOA o) F Aol & ti ez gt
o 7|5 Aol -8 o2 g lrk(Kim and Nam,
2018; Darroch et al., 2023; Doszyn et al., 2025). S}ARF 1] A
T o8 AF Aae] ARt s A flsiAl= mlAlT=Y
Ae|ef AT vkt oA 35 =U(2E, vH 5), vAlT
o AAl e Ee] A 4 Em AEYN(FA RS A F
3} 5, Te)3 BAk R A A] o4 AR 2] gia(El el
A= 9] suspension medium) F¢Jo] XA WS B ul7]
TR 714 el v A= Fgo] AR oR 4 HItE
ofof gt}

webs] 2 AtoA s AEEa] AHAd Wy I tE4
antimicrobial effector= &#12l hepcidin -2 hamp) (Kim
etal., 2019)2} 7] 954 HH-g-9] U324 cytokine A E 2] in-
terleukin 1b F-7AXH(il1b)E ©]-&-5F0] AlH|2]o} HAto] 7t £
o} Gt & di e & g njA|l Ry e 2234 A
et A9 M R FaS BrlstaLAl shele, ol&
B2 7t 53} dgkrjolof A thefet XSS vlA|F=Y
A2 224 vhA AR AP e of ek ukg-
P& 2AketaLA shel) o5 I8l (1) FA2 dil2ats 2
ohet 2po] Fa we ohofet 22 AR & AR HE 7t
AZFE ik 2 B3k dgrto] A5 tie = 714 Hd

7k 7rolek= ol Al prelarval stages= A7}
Ao 2 St 9l HAY AR Auflof & JFS 1]
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O ] Be Wit 7hsAd oS RABHL, () AR THE 5

of HAA= sheka Ffoff Tt AAL e of A2 F o F
S48 (3) 2 ok kAbol 7} W /g Al W A

Alatoll e Al A8 A AR RS YR =41 vl st

Mglo] 9 5t 213 Kjof

2 Aol ARE-E AlH|2]of HAgol(A. baeril) Aol Q1%
0.2 QAR full-sib family =5 €] SHH 51T} A3k of
21012 HJALO 2 Park et al. (20132)04 7|23 HHEL o]
of A e T2 AL Afgh, S AR, A
2 Frde skl AT 1 um o3} AsE
sto] Fa7HR] sl on 22 Ae A ke AA
18.5-19.5°C& F-A|5t3c. A & 1.3} oA H7h d 31 &
W32} oi (prelarvae) 32| += Park et al. (2013a, 2013b)o]| w}2}
BT F3F F 81247 o] o] HRlo] & A sto] 4
Aol o] &5t o S 71 olu v 19 e Hol
= M= A didolA Attt A Am e} olst
HAA = e ARE AEL SHREAE N s a9
A3l 0) 741} 7tol Eefelef whet =a = QiTh(5- ¢l & 2018-

16/18 ! 2024-75).
OjMl=Q 2 M2l = 2 a2 43
2

38} 23 Aofol 4 v B vlAEe]
ohA A o] P mA=A ARE Bl o5
9130 A2 HEHEIAFY F $2) S22 OJ%F; no han-
dling, NH), vh5] 22| thza(0AlF=A-8 vk A 2] 5 vAs
& =33} A] ¢kl 3] anesthesia only, AO), A HEs %] 2]
= (h] £ 8 =4 flol, mAlTY EA 423; needle
insertion only, NI), 12|31 A 2] 4] G ¢ 20 & A
2] A H4= 2] t <2 saline injection, SIS A7 sko] At
)34 0 34 K hepcidin ¥ interleukin 1b 3421 2] 215
2| wrlo] el A 2AR taelo) §214 w4
FF=S 12st7] sl 4719 =7 auljof ofsf Agaket dekAto]
£ ojiom vk 2SS,

UlAIFe S $iet GRtolo] na QA Ale) Ad Q1T 2}
of whe} MS-222 200 ppm £ 0.2 nhH S 35k o v vk
iAol o] vl F 33 4 2 2] @] Kim and Nam
(2018)0ll4] 713t 7|2 245 o83kt 2E nAFYS
Kim and Nam (2018)°]| 4] 7]<:%} glass capillary needlex} mi-
croinjector (Narishige Scientific Instrument, Tokyo, Japan)&
ol-g-3to] a8t =9 A= 7S] FEhd(yolk sac)
w50} xjo] vl embryonic body)®] 7] 91 T4 sholct
(Kim and Nam, 2018; Kim et al., 2021). 5¢] 822 AJu]| 2o}
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Ao WL B BIAEY F 6AKE 9 12412
Sof|(hours post injection, hpi) 6-870 A4S F21-¢ AHls}od
=2jolofol o] P4 WE F -85COIN A el 24 of
& A7 Basteitt.
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Qb WAl 24 A% A 2 7 55} dRelrt
HAA= ZA of] AAR A 98- Wet=A], 12 1Rk
o 1% 7ho] mhal A0 BHELA o HE 2A5]7] 9|
34 A2 TE 59 lipopolysaccharide (LPS) (Escherichia
coli 0111: B4, Sigma-Aldrich, St. Louis, MO, USA) endotox-
in ¥ viral mimic polyinosinic-polycytidylic acid [poly(I:C);
Sigma-Aldrich]& PIAlF=Y $- A G2k WS A 4
ZF uog BAS1¢th LPS 2 polyinosinic-polycytidylic
acid [poly(LO)] 25 W AJel 4842 o] gle] 20,40
80 ug g' body weight (BW)2] 2% F=2 wlA|lF=Yo] ==
2 319l aL, o]uf o2t Al Al H4x(saline)THS: o83k u]A]
Fo1e Fof Azslgih. olag 3 4 T 15 S
2} 36/4AKS 0] BH, olo] 2} ABTLZRE 6 hpi
9 12 hpiol A 67§41 %-& F-2F¢] A1E, ribonucleic acid (RNA)
0] ol g5t
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Zb 53} dhekapol 7 A A Aokl Aol = E G uf,
4 E uE e Altell digt Aeld] Es 253 W vk
W =A| o575 2ASH] fJ8A] Al 2lot E ot ol A
JUA At 2 U2 % Aeromonas hydrophila (KCTC2358)
(Kim et al., 2021; Kim and Nam, 2024)2} 5= A} A+ Ba-
cillus subtilis (KCTC1021)E 59 2 & n43y & A7t
7ol whE 7 upA AR Abs Il o A AR S
B W3t} A. hydrophila 2 B. subtilist= tryptic soy broth
(TSB)ZE ©]& 30°C, 200 rpm & 270 A wlj st L, 1%
& 21554 71(0D 600 nm=1.0) Aol 4] vl FH-2 A4 2]
34 5 42494 AR B 2% 1 10° CFU g BWS.
2 0 skl on], ZF ko] Aol A AR 4 A
o|-g5}o] A &3t colony forming unit (CFU)7} 915 8-

& O e

og
Mo
e

317w #] ok 2 plate counting2 53 H55F3Ith A-Lofl Al
Al FEFHS 11 A CFU9] 747 QojubA] 94 A1 71 o)
8] %S B3l 22152k 90 min), 015 B2 u]AFES]
A Al = A GRS I3 Alat FErel o] 32714 ufjerel
8] 2 wA X715 28I Al 34 A7 X130 hpi),
6, 12, 24 hpi Aol A 43719} -2 b o & )
=7 W Bstole). R E Al Ao e 2 EY
=0

o
=
N
1A

[ ot

S Rl lsiA vAY] & MELE ko] 1F
e We 2 =25 371 12([SL B. subtilis F(BS) U A.
hydrophila U7 AH) S &4 vAlFY 2715 F8l BAkst
(n=36 each) 157 F2 AEES 0, 6, 12, 24, 36, 48, 60,
72, 84 & 96 hpi Aol 4] H]a8}3ITE.

0+ |XXt RNA £& 2 cDNA &4

kAol o Hz=of thgt AARH S ]
A FAREA Fet A=Y 25 9 Al Y Al AlSREAS
FUES Hols oted A-8A4= dHA Qe hampet
A JHg- X2 A] cytokine interleukin 1
Sk9itt. Hamp®| 73-9- A3 A5 &8l =& diiol olF
Al AR 2R I HEe] Wkl A-E 215 o8
&2 (Kim et al., 2019; accession no. MK024330), il152]
£ NCBI GenBank (accession no. MZ467298) ©j| o] EJH| 0]
9 A HG Aol Ao NGS transcriptome U]
ElHjo| A2 R E & T full open reading frame A2 7
¢t isoform 2252 o R 359 HEd 992 T4
© 2 quantitative polymerase chain reaction (QPCR)-& primer
= A 5lo] EAlo] o]-8-5}%th. WHH, normalization reference
O] 7% ou] A4 H7t A5 F3l Aol 271 G early
prelarval interval) 2 54 &= ThefRt A9 Ab=of viztstA vt
23}7] ok= G- AR A ribosomal protein L5 (1pl5)E o]-8-3}
& th(Kim and Nam, 2024; Kim et al., 2025). & S0 Al AR
o 2t FARRe) S Aol o83t primerE 2] A B At
BhS- 2712 Table 1] YeRGIth
WExlol & Ak 2 3t total RNA 52%-2 TRIzol Reagent
(Thermo Fisher Scientific, Waltham, MA, USA)E ©]-8-5}¢
12} == & RNeasy Mini Kit (Qiagen, Hilden, Germany)E
o] g5t DNA A|A % 2] 3 A A 25 RNA A=
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Table 1. Oligonucleotide primers and thermal cycling conditions used in this study

Gene Primer sequence (5-3’) Purpose (Amplicon size) Thermal cycling conditions
hamp F: GACAGAAGACCAGGATAGAC Antimicrobial response
R: TAAGTCCGACAGCAGTAGCC marker (189 bp)
i11b F: TGAAGACGATCAGCATGAGC 94°C for 2 min (initial denaturation)
: . Inflammatory response followed by 45 cycles at 94°C for 20 s,
R: GATTGAACTCGGTGACGCTT marker (189 bp) 58°C for 20's and 72°C for 20 s
rol5 F: CAAGAAGCAGTTCTCCAGGT Reference for RT-qPCR

R: TCTGAGCCAGAGACAACTTG

normalization (170 bp)
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£ vlASHITE RNA 9] 5 =9} 2 o= #3°3 = 4| (NanoDrop
ND-1000; Thermo Fisher Scientific)g ©]-8-35}o] 2HQ1s5}% 1L
(260/280 nm 1.9 & 260/230 nm 2.0 ©]4}), RNA integrity=
ethidium-bromide stained MOPS 1% agarose %1 7] -5 4o A
28S rRNAS} 18S rRNA band intensity (2:1 5)& S43}¢]
5o} I HART-S(reverse transcription) 2 pug®] total
RNAE % S = Omniscript RT Kit (Qiagen)2} oligo(dT),,
zz}o]y W random nonamersE ©]-&5}o] A ZARS] Al H
W2 ¢35t o] A AHE(cDNA)+= nuclease-free 2
#2752 olgato] 109 314 F -85ColA] GPCR ol-§ A
M) RS

Quantitative real~time PCR 24, Xz Xz2| ¥ S|

H=
oo

gPCR #H5-2 215 g3k 52 24| LightCycler 480 Real-
Time PCR System (Roche Life Science, Penzberg, Germany)
2} LightCycler 480 SYBR Green I Master Mix (Roche Life
Science)E °l-8-3to] AU, ZF RS PCR E&2
cDNA®] 5 log 91 3|4 &5 o] gsto] A2t #E3AS &
g2 AARFRA(92-101%) primer?] E0]4-2 melting curve
43}, PCR AH=(end-point product)2] 7] 952 S38) A3t
QlskeAct

At B2 1pl5 reference genes 7|02 24T U
2-44CT 1l (Schmittgen and Livak, 2008)S ©]-8-51¢] normal-
ized relative quantity (NRQ) E+= |z~ tfjH] fold change
(FO)= 4hEsialon Hd w30 Aqfabe AlZ43E sk
log,-transformed NRQ %= log -transformed FCE AR8-5131
o} G242 2 AR = LS HHEL(biological replicate;
n23) G9lE BAstglon, 2 AEete wET AR T 3
7144 WH2(technical replicate)®] H4S =74, ¥ 4t
O = ARgsRGITh Adt 7k kol o 124 452 IBM SPSS
2 I (version 29.0.2; IBM Corp., Armonk, NY, USA)=
ol-gsto] Ae A, A& T W FTEAM FF ol ol wt
student-t-test/one-way ANOVA F+= Mann-Whitney t-test/
Kruskal-Wallis testE ©]-85}9 11, 52452 P<0.052 A4
stol By atoc.

AE FHZ Ao W2 hamp L b 7|X
x

7k 38} Ul S dAROR NH, AO, NI % SIS 4743}
30,6 9 12 hpi AHONA] hamps} ilIbe] Aol WAL v we
2342 Fig. 19 trehf %t Fig. 19041 5320] hampe} il1b]
NRQ Zh 25 A% 25 2704 Hlid £& 9] ol £
=zt T G4 BN 54 220 o3t 34T 1

ST e WEEA] G9keH(P>0.05), o] 2]t
" NRQ 417} heatmap F#of|A] 354 02 SRIE|Ich 5
3] SI ZANAME hamp E= il1b7} ATE A A5 1
a8h= S UERLER] ool Al Y AAI7E &
A FRAAEY 714 WS s fresiA = e Ao =
e Qi

Family 7+ 7|4 & $=29] Aol AF #E QL) o)=
Z7] WA DA Uehd 4= Sl 7HAl SolA £ wli A
(family-specific background), =7 -2l &9 E= AY=3H4
W5 4S R 7hsd o] Qlek ey family 7F HApe = &
513, NH, AO, NI ¥ ST = o= EX FF 20| == fam-
ilyol Al 352 o= WS 571 B oAl S T3
SER] QFQkeh. wheba] & AR oA 2t FEkgh dgkato] of |
AlF=ds 21et 712 Q1 352 hampe} il1bol| sl =518k &~
Edlad Bl 454 A S A EA g 0w Bl
o}, ohgk 2 Ak hampet illb & AR AT Ao
2, e 2B A w542 A 3 A s Ho g
< H91Y A5 Ao A F 270l W H-o] Yehd 7t
S AR viA|eF = ¢lthMaekawa et al., 2019). Lo =
2 AT B4 A = AR W I Rkl A= STl
A G e 7R REo] FRIEA] (gt o] =7t
28} Aol S ol 88 AR o] A Aslo)A AelAd
TE 0] 83 g2+ (saline-injected control)©] H] A o+ 4]
ol Ao 2 AAE 4 9l A|AgH(Cianciolo Cosentino
et al.,, 2010; Kim and Nam, 2018). 3+, 2 ¢13of| A & %
F31= 918l AR5t 1pl5 reference geneS W= AJF] Lo A U
< HEEe Helow, A gfo} "ol 27] WekAte] 411k
O] thekgt AR A= 2o A Bl =2 AAF P &
A ghth= A3 A-ek AA]5HITHKim and Nam, 2024; Kim
etal., 2025).
MAXS afetE A2/0 et 23HXt02] hamp ==

HI&: (=]
2ol HS

SI9] oS- vulef o 2 AlatAd pathogen-associated molec-
ular pattern (PAMP) --AF AF=-24¢1 LPS2} dsRNA mimic 2.2
A= poly(I:0) S ZH2F =& F2905k3, 6 2 12 hpioll
A] hamp W W3S A1 cKFig. 2). LPS FollA=
6 hpiof| A 20,40 B! 80 pg g' BW A 2|t 270 pg g BW Hf
Ztol| vlef =2 U S B ok AR HAL ol 9
off T2 15 AR 5o/ AR A U ThFig. 2A). 12
hpiol A &= LPS A 2]3t9] hamp 'Ud-S 2T & 3
= H 1o, 6 hpiofl Bls A= AREA] o &2 Wkt o] = LPSe]|
3t hamp WH-g-o] 73t 25 wh=A| F=% 5 AIZF 7 ol wh

AR 2StE] = S Helow hamp GRS 27] Al
e E= il skl i L s e
Poly(I:C) F{l-o A= hamp &= Bl o] 2¢1¥] Qi ch(Fig.
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Fig. 1. Stability of innate marker gene expression after procedural control treatments in newly hatched Siberian sturgeon Acipenser baerii
prelarvae. Expression levels of hamp (A) and i11b (B) were compared among no handling (NH), anesthesia only (AO), needle insertion only
(NI), and saline injection (SI) groups at 6 and 12 h after treatment or injection. Values are presented as log,-transformed normalized rela-
tive quantity [log,(NRQ)]. The upper line plots connect values obtained from the same full-sib family-based independent trial, whereas the
lower heatmaps summarize the same data distribution. Four independent trials were included for hamp at both time points and for i/1b at 6
h, whereas three independent trials were available for i/1b at 12 h because one family was excluded after RNA quality-control assessment.
No significant differences were detected among the procedural control groups within each gene and time point (P>0.05).

2B). Poly(I:C)ol| t gt HH-5-2 6 hpiof| 4] 714
5] 40 pg g' BW Aol A 7M=& 3l s
2t 80 pg ¢! BW A 2|itol A= 40 ug g' BW A E o} &
@ o] Hol, AL FEolA whedt vl A F7F v
A= 9k}, 12 hpiof A= Rk 0 2 6 hpitdth W whed &=
5 1Yo, o]gat Ha2 log. fold change 7]4! heatmap
oA ghelE $eh(Fig. 2C). whebA LPS 2 poly(I:C)o]l thet
hamp Wt A& FEEAT, Be 204 A= e
of vlgsto] F7ol= T A E RO 2 AR A= oth

2 A= 22 9l B 7)o B3l A Y| X1 E A o

2 7} Ha} d3kxjojo A= LPS 2 poly(1:C)2}
19 2}=fo] chaf hamp o] W 1 4
ZtH(Garcia-Navarro et al., 2025). LPSo]| o3t #H-3-2 Al
PAMP --AF ZF=of| off 8t antimicrobial peptide (AMP) effector
HHS 732 AlARSHH, poly(1:C)ell thet B-6-2 hamp 5=
7FdgRtol o A Alat/d AFellit = 3hE] 2] ok = 95 Al
AFSHCH(Sun et al., 2014). 121} poly(I:C) Z| 3L 5eof A W&l
27V} Bt PR A Aol o] 284 Bl oA
3} % Wh-2(anti-inflammatory modulation)} T 7154

o] )o1K (Wang et al., 2024), & Atz THO 2 7 7|2kS T3}
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Fig. 2. Early induction of hepcidin (hamp) expression following microinjection of chemical immunostimulants. Newly hatched Siberian
sturgeon Acipenser baerii prelarvae were microinjected with LPS or poly(I:C) at 0, 20, 40, and 80 pg g'' BW, and hepcidin expression was
analyzed at 6 and 12 hpi. Panels (A) and (B) show the mean+SD of log,-transformed NRQ values for LPS and poly(I:C), respectively. Panel
(C) summarizes the same data as log, fold change relative to the corresponding saline control (0 pg g' BW). Different lowercase letters
(a—c) indicate significant differences among doses within the 6 hpi group, whereas different lowercase letters (x—z) indicate significant dif-
ferences among doses within the 12 hpi group. Asterisks indicate significant differences between 6 and 12 hpi at the same dose. In all cases,
stimulant-treated groups were significantly higher than the saline control (P<0.05).
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not shown), 3 A/ 2|11 5ol 4] t&hato] o of-3- 85
(responsive carrying capacity)= ‘g 141 immune suppression
Grel 7544 o] (L et al., 2023).
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Fig. 3. Early marker gene expression responses and survival outcomes following pathogenic and non-pathogenic bacterial stimulation. New-
ly hatched Siberian sturgeon Acipenser baerii prelarvae were microinjected with saline injection (SI), Bacillus subtilis (BS), or Aeromonas
hydrophila (AH), and expression of hamp (A) and 111b (B) was analyzed at 0, 6, 12, and 24 hpi. The 0 hpi sample represents the pre-injection
baseline. Panels (A) and (B) show the mean+SD of log -transformed NRQ values. Different letters indicate significant differences among
time points within the AH group (P<0.05), whereas no significant temporal differences were detected in the SI or BS groups. Panel (C) sum-
marizes the expression changes of hamp and il1b as a log, fold-change heatmap. Asterisks indicate significant differences from the SI and/
or BS group at the corresponding time point (P<0.05). Panel (D) shows cumulative survival curves for SI, BS, and AH groups. Cumulative
mortality became evident in the AH group from 24 hpi onward, whereas SI and BS groups maintained nearly complete survival throughout

the observation period.
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