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Abstract

Efficient purification of homogeneous muscle satellite cells is essential for enhancing the scalability
of cultured meat production. However, existing purification techniques are often labor-intensive and
costly, posing challenges for industrial application. In this study, we developed a simplified and
cost-effective pre-plating method to separate muscle cells from fibroblasts. Initially, thawed cells were
seeded onto collagen-coated flasks (CT) and incubated for 1 hour. The adherent cells were then
transferred to Matrigel-coated flasks and cultured for 4 days. After proliferation, the cells were
detached, re-seeded onto collagen-coated flasks, and incubated for 5 minutes. The supernatant
containing non-adherent cells was subsequently transferred to Matrigel-coated flasks. This cycle was
repeated five times to enrich for muscle satellite cells. Final cell populations from collagen-coated
(CS) and Matrigel-coated (CF) flasks were cultured for 3 days and analyzed. RT-qPCR results showed
the highest expression of PAX7 and MYODI1 in CS, indicating a predominance of myogenic cells.
Conversely, VIM and PDGFA expression levels were elevated in CT and CF, suggesting higher
fibroblast content. These findings were corroborated by immunofluorescence staining, which showed
increased PAX7 positive nuclei in CS, and enhanced vimentin-positive nuclei in CF. Overall, this
modified pre-plating approach provides an effective and scalable method for enriching muscle satellite
cells, facilitating downstream applications in cultured meat production.
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ol ol 715 715 tAId & Qe A=E AF B4 A, S9] Bl 22 24
tiote] o] Wagt AAjolth

vk A4t 7] @Al 2 ARREE AEe PR Be 5 AFAR|H, o5
At o® FAo|A FelH & AUt B3l SAEHChoi er al, 2021). YHFHOE 22| {7
A= Aot ZUY AA| R 5 8] Z8A] A2t Eotto] =, o]t B A2 EAl=
o5 29 T2 FAE Adlolar, YL AT B5A 40 FHA RS HIHTHGuan
et al, 2022). E3L BIESA AZES AE 7F I8 Q@S gHsk=t ZAIE 4ot
(Melzener et al., 2024). o]of w} HjFS: BAtoflA= B Al2E9] =g $#0]7] £13t A 71&0]
Ao, ti#A0E FA|E 24, HIRZ|EE, pre-plating 50| S-&ETH(Lee ef al., 2024). ©]F]
ot 71Es B9l AlEes S ISAIRY] 43 23t ago] PFHL, HF AR FE ¥
A FH= S8 ARISH 7R ERF Eord 4 Qitk

o] % pre-plating® T8 AFAES] 2EE Hol7] 4o} We] AGEE 7EHT vE BEA
A% A 7POITHL e al, 2022). 0 WS A2 T2 AE £ 710] 22 45 Hol& 0}83
27 HES AR A0l ofelet 2 4% ol ME §BE integiin W P4} Hz9D)
A3e] A52Rg £/ 7191%tt AgotNze Skl kA Zddske v, 35 M2 s
@701 integring S5} laminind} A& 07 Ao}, E3] quiescent AE]S] Y/3A|E+= integrin L
focal adhesion &-4Jo] o} iAoz 9 H2F E44S Yehdt o]2iet FEsH] &4 Ao|7t
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1. Mz & g

1. 28 =5 H3H
SRR BFA ol AR BAER RN SUEHNA, 44 33, 3R ke AAE-

oM S=dE I T2 b R A7 T2 SHEe SEEARE 98] (1ACUO)]
HAE AA SRlE EAjof wt o] RolHrSRIMS: CBNUA-2107-23-01).

2. NE F=

282 BemiE AsIon, A XA Wi Al AR §4 At olguslck
gk A ZAARAS AATT H 2215 vASHA EH6kL, collagenase type TI(600 units/mL)
Worthington, Lakewood, NJ, USA, Cat # LS004176)2} 3% penicillin-streptomycin-amphotericin B(PSA)
7} 5=l DMEM(Dulbecco’s modified Eagle’s medium, Gibco, Cat # 11995065) HjA]of| 35 mL%
10 g9 2215 37F5t0] 37C water batholl A 3027t AAAE|6I3iH. o|F Hslgos ofzf 2}
242 Bt o) SR 9 40 um UIQE o) MEIS o]gstol olsisint. FAR] Yeiee
(70 xg, 5 min, B3, 800 xg, 5 min; A5H) & ACK(Ammonium-Chloride-Potassium) lysis bufferg
ol-gsto] AETE AASHA. +HE A= A 0] et i AAE fldl 23] AEidst



B0 ZAZ 93 1AL 18 MEO| 58N 22E 95t HAEE Pre-Plaing IRES

o, F10(Ham’s F10 nutrient mix, Gibco, Cat # 11550043) ¥jZ|]| 20% FBS, 1% PSAE Z7st
Z70]A, 37C, 5% CO, incubatorofl A HjFste] o] Addo] ARESHITH

3. Pre-Plating &itH

AFotA e} T8 VALY B2 &5 RJo|F ]8Rt pre-plating S F3f L& AHHNEE
2513t Passage 2 cell2 S2H 78 SekAF 0 E55519] 37C, 5% CO, incubatorof A 1A]7F
ot wjjdsiiom, ojn Bake MZE-S CT(control treatment)2}il ”3”%} Atk o] RAH ALE
Matrigel 78 ZATE A 49 59 viFolATt. 70~80% confluent &, Trypsin-EDTAZ AEZE
Hefsto] Fdl 3% SSRAT0) thA] B55taL 5EXE Hidstint Hlolet 3 A5 de laesto]
FH 78 SAACS)Ol FFSHALL, FRA|ZE Trypsin-EDTAR 3)5:7F - 4204 527 7}
251l HEFA Holshe IS 53] REESII: Hot AE A2 g nfEd 39 EA
A(CF)ol| F&oto] F Al Ak 3 52t viste] EA6H K Fig. 1)(Yoshioka er al., 2020).

4,

Z2o] A7 E HEE 4% paraformaldehyde M4 37CE 4587t 1ASE & Zho] IHAE
AA5E7] Y5l PBS(Phosphate-buffered saline)Z 1084 & X}&] A2ttt o|& Mxd E31E 9
3 0.1% Triton X-100(PBS 7]5hg ARojA] 2087t A2fs19ich. &1 22 & 2% bovine serum
albumin(BSA) 82 o]-g5}o] HIE01A A ke 25| $15f 30:27F blocking= AR 7 PBS
2 NZsI3) o] SAE ME2E 27 2% BSAC] 1:100°22 345t A} A Pax7(PAS-68506,
Invitrogen, USA), MYODI, Vimentin, % PDGFaQ} HESA)7]7] Y3l ZF wello]] ¥5=5}a1, 4T of|A
overnight incubationS =oAL} A A% & o] A AAE Yl 0.05% Tween-20(PBS 7]5H
0F 1087 AIASI o]F 1:1000=2 .,]53.?_]' cross-adsorbed anti-rabbit 1gG(A21121, Invitrogen)S
ARESto] ARZoA 307 23 FA BHSZ HFYstqitt. 3 M-S Hoechst 33342(1:2000; H3570,
Invitrogen)Z A g]5lo] AA5}911, 0] PBSE A|A5to] Zto] A B4 A AT HE A
Tpgo] s AR FHENAS o}8sto] ofelAE HESSE ofulA] LA Image) ALES]
ol ol Wasigion, olulx] A U o S8 Adsisick

Collagen coating
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Fibroblasts Gently shacking D

x5 times

; Satellite cells ‘ CT M O J

_. g v@
L]

@ 3
7 Transferiup. Trypsin_fEDTA R Transl‘ersup.I
\ / Thours 4days incubating ; Shackinrg 3days
= incubating GM change incubating

Passage0 Passagel Passage?2

Fig. 1. Schematic illustration of the pre-plating method for selective enrichment of bovine satellite cells through differential adhesion and
gentle shaking. CT: control treatment; CS: satellite cells; CF: fibroblast cells.
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5. M MAIZt HHAL FEkeL FYHES(Reverse Transcription—Quantitative
Polymerase Chain Reaction(RT-qPCR))

F2F £5of| 51 HiFE A= TRIzol A|2ke ol-8sto] EfAT0fA 3461, o5 A4
FAA} e BAS 5 AER 0|83} & RNAE iNtRON Biotechnology(Seongnam, Korea)©]|
A AlFok= Total RNA Extraction KitE ©|-8slo] E&|51%.0H, &% RNAE= Thermo Fisher
Scientific®] HHAL 7|ES A|FALS] ZREZ0] w2t X|2[slo] cDNAR FHIsHith 74t Hd 4
ZF 242 RT-qPCR S 0]-8519] SYBR Green A]2HELPIS-BIOTECH, Daejeon, Korea)} Table
107 A primerS ARES}0] $:85194Ct PCR Whg- £ 50TOA] 287 27] Whg 3, 95T A
1027 271 WA I8 AZCH, olF 95ToA 15%, 52~55CfA 142719 1G-S 403] HHESTo]
Z3519ic}. QAR W AeRe 27449 vkalo g AAKSIQITK Livak and Schmittgen, 2001).

6. SAEA

£ tole e BEwAR BoloI9en], RS % 33] o witsle] Aug i
EA| A2 SAS program(version 9.4; SAS Institute Inc., Cary, NC, USA)2] General Linear Model
(GLM) procedureS o]-85}0] LYuiR] AKX (one-way ANOVA)S AA[SH & Duncan’s multiple
range test® AFEARS 4335190tk GLM E42 control treatment(CT) 150l412] PAX7 QF4 S50}
Vimentin(VIM) 94 812 H|Z(Fig. 3), CS & CF 2|7 7+ PAX7 9F4 34 H|H(Fig. 4), CS 2 CF
)T 7F VIM 4 4= Blal(Fig. 5), 18]3L CS @ CF 1804 RT-PCRE 273} PAX7, MYODI,
VIM 5l PDGFA 73A1] 4] sk vl (Fig. 6)°] 283ttt He A4 42 p<0.05

Tl desioitt
. ZAxr Y 0z
1. CT, CS & CF MIZ2| Hefstx E4 A3t PAX7 & Vimentin®| MY M o
CT JFolAe S5AIEY} Aozt e Feja wa=lon, w717t &<t thefet &
E|2] AlE0] Extdet FeE B40I3ith CS 9 CF T HA| Al FEjollA G5 2lo]7}h s

Table 1. Sequences of primers used in the RT-qPCR

Primer Description Accession Sequence (5'—3") Product size

F: AGCCGGGTTAGCAAGATACT
PAX7 Paired box 7 XM_027522153 234
R: GAAACTCTGGCTGACCTTGA

F: AACAGCGGACGACTTCTATG
MYOD1 Myogenic differentiation 1 AB110599 185
R: GTTAGTCGTCTTGCGTTTGC

F: TCGCCAACTACATCGACAAG
VIM Vimentin NM_173969 215
R: GAGCCTCATGATGTCTTCGG

F: AGACAGGAGCACAGTGGAAG
PDGFA Platelet-derived growth factor subunit A NM 001192345 240
R: CAACGGATTTCATACCTTGG

F: ACTCCCAACGTGTCTGTTGT
GAPDH Glyceraldehyde-3-phosphate dehydrogenase =~ NM_001034034 185
R: CCAGCATCGAAGGTAGAAGA
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AL}, sk JATo == %’4*&1*11”9} HFOMIEE o] FEsl7 1= ofHHt(Fig. 2). ©F
3t Bz pre-plating IOl ThE AR F2} 54| Zfol7} oﬂig} ST 24 2AR
w4g 59 B gEs] 9 2art e AARI:

Fig. 32 CT 255014 PAX7 B! Vimentin(VIM)e]| thet g3 QS 217 et A3k Yet
@ otk PAX7 WA AMelA= PAXT ¥4 Eo] J*é}il&’i_fﬂ, VIM @A A= VIM F4
do] 2RI 7 vpro] fis) Sz & £5 Aett 23, CT I Wold PAXT iz}
VIM® Sljo] B EAsh= A0 R UEhgom, ol EEMMO}ZH A & 59 27] AE o]
TEVIAZL Aot EAE oAl AIE AT AARITE o2t Ak 27] A%
Hdomny 54 AEdS Ao Hell pre-plating IHgo] B aghs St €S9} CF 15
9] PAX73} VIM @ Blwe 77t Flg 4 4 Fig. 59| YRl €S 15 oAl PAXT™ Fo]
CF J159] HIsiA] @AsHA B Zs ZRISIATKp<0.05, Fig. 4). ©li= pre-plating I & -5
g A7t apEos FEE9lEe Hojert W CF 152 VIM 93 A7t b=& A5t

o, €S TF2 VIM' glo] AA3] 22 g S 5= AATHp<0.05, Fig. 5). o= ARoHZ
7k CF 2522 ZEgE2 AulstH, SAldl Cs Fee] H AZ i/t w32 Sdleke

Fig. 2. Morphological comparison of cell populations according to preplating duration (Day 3 of culture). The images were taken at 40%
magnification. Scale bar is 100 um. CT: collagenase total cells, CS: collagenase satellite cells, CF: collagenase fibroblasts.
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Fig. 3. Immunofluorescence staining of satellite cell markers in cultured cells under different preplating conditions. The images were taken
at 100x magnification. Scale bar is 100 um. Cells were stained with antibodies against PAX7, VIM (green) and nuclei were counterstained
with DAPI (blue). Representative images show the distribution and abundance of PAX7- and VIM- positive cells. CT: collagenase total

cells.
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Fig. 4. Immunofluorescence staining of satellite cell markers in cultured cells under different preplating conditions. The images were taken
at 100x magnification. Scale bar is 100 um. Cells were stained with antibodies against PAX7 (green), and nuclei were counterstained with
DAPI (blue). Representative images show the distribution and abundance of PAX7- positive cells. CS: collagenase satellite cells, CF:
collagenase fibroblasts. *~° Values are presented as meanztstandard deviation. Different letters indicate significant differences (p<0.05).
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Fig. 5. Immunofluorescence staining of satellite cell markers in cultured cells under different preplating conditions. The images were taken
at 100x magnification. Scale bar is 100 um. Cells were stained with antibodies against VIM (green) and nuclei were counterstained with
DAPI (blue). Representative images show the distribution and abundance of VIM- positive cells. CS: collagenase-isolated satellite cells, CF:
collagenase-isolated fibroblasts. *~® Values are presented as meantstandard deviation. Different letters indicate significant differences (p<0.05).
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Atz Ak Hebd ALE pro-plaing RS 28 AR AGOLES nE Sudt -
ol 8% 71491 208 Wbk B3], PAXTT SVHIES] $o} 280} 1A Eole) HEAE
o 28 Ae) 7154 2o Basitha Bg 7l A7} Hlwe ), R Aol g s
9 CF A9o] B MRS AR f9 7154 B4 0] 984 94 BAES ATy Aow

AR ETH(Yoshioka er al., 2020).

2. PAX7, MYOD, VIM 2! PDGFA |XXIe| el M

Fig 62 CS 9 CF 19| 904 9 24 Zste, tjmae]l Z8A% tl] (PAX7, MYODI)9H
Ao TEA(VIM, PDGFA)S] B 452 vlast Zjoltt. T8 YA uhAe) PAXT} 2
S 25} T AARIARl MYODIS] BHEL €S 1804 CF 180 H]8) folso2 A ekt
(p<005). 53] MYODI 218 23} 27] BfolA ML) 23} jAS 2aske B4l AARIA
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Fig. 6. mRNA expression levels of satellite cell markers in cultured cells under different preplating
conditions. Reverse transcription—quantitative polymerase chain reaction (RT-qPCR) analysis of
PAX7, MYODI1, VIM, and PDGFA was performed after 3 days of culture. Gene expression levels
were normalized to the GAPDH. CS: collagenase satellite cells; CF: collagenase fibroblasts. *~°
Values are presented as mean + standard deviation. Different letters indicate significant differences
(p<0.05).

B AA 9o, €S IFolM 9] 2 TES 45 23 AEo] FAIHIL S-S AARICHHindi
et al., 2013). WFHO] A-FopHE ARl VIMI} AJRIAF ¥ 794191 PDGFACIA= CF I50lA
CS 2Fol Blgl] frol3o2 A YeRGTHp<0.05). ©f= CF IF°] ARoti2e] 5/4& Br} o}
Al vehiH, Azer1d |4 2 714 2lREy s8o] ot AEE 2elE e 2Rl €S
IF0NA PAX73’Jr MYODI1 o] SAlo] A Hehd A2 VM2 2] AYsdt <= 23t
HAES HESHL U= HojE ol2fet 4L & 45 #3717 A ofyzh Al ek
= ke St ‘ELt-r’\ﬂ AuzAe| B 7IsdE AR B, CF J1552 ARoH 27T A2
714 B4 9 nAEg 2480 710fske B4 UEilol, 24 AW e Al AeE a4 ot
Hdz 88d 4 S 2os wekEnh

5 A HORS ARG SIR 2% AT ALY S S BHOE proplating 71HES H§
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of T8 NS} Aot S Eafotal, 7 AlE o] EAS vla-EA4sk7] ol =3l
R 5 2202 RE ZHE A3 pre-plating WS 283 A3}, 2} £of wE CS(E=
HAIZ T HhHot CFAIROAIE B35 AhE FET 4= it HIFG F4 EAoA €S
52 PAXT ¢ 9] 47} CF 500 Hlof Reld o= #9kom, CF JIFolA= Vimentin %73
M7} SASHA] Tt TS FAt el 2 A 328 PAIE E 23} T 11l PAXT
3} MYOD19] 9HA2 CS IFoA f9H02 A Yepd vhd, AfobA|E upAQl VIMI}F PDGFA
9] &2 CF IEFIA F8 o= F7Ieqdet. of2igh Axk= pre-plating 71Ho] -5 /34|22t
RS Bt o R Hafd £ Ql3S HolFn, 2 Aoi] gHgh 38 AR ek g
T RS AR St AR YRR EE TsA0] ASS AKRIT
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