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Developmental Expression and Tissue Distribution of Porcine
Cathepsin B and Cystatin B mRNA
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Abstract: [Objective] The tissue- and developmental-specific expression of cathepsin B (CTSB) and cystatin B (CSTB)
mRNA transcripts in porcine were studied in order to understand the genetic mechanism of tenderness traits. [Method] The
expression of CTSB and CSTB mRNA in different tissues and different development phases were revealed by Tagman real-time PCR
analyses. [Result] In adult pigs, CTSB mRNA and CSTB mRNA expression were widely detected in many tissues. The highest level
of expression occurred in kidney and the lowest were in myocardium and skeletal muscle, respectively. The quadriceps femoris
muscle had significantly higher CSTB mRNA expression than m. longissimus dorsi muscle (P<<0.01). The expression of C7SB
mRNA in m. longissimus dorsi muscle increased first then decreased in 0-5-month-old of age of Landrace and Meishan pigs. The
peak of expression occured earlier in Meishan than in Landrace. Continuously decreased expression patterns of CSTB mRNA were
detected among different months in m. longissimus dorsi muscle of Meishan pig. And in Landrace pig the expression peaked at 2
months of age, then decreased. [ Conclusion] These results indicate that the expression of CTSB and CSTB mRNA are influenced by
tissue, developmental phases and breed factors. There is a significant positive correlation between CTSB and CSTB mRNA
expression.
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[ XY A& Al B (cathepsin B, CTSB)
SEENPRNE LN AR, B TR E AR K
% (the papain superfamily) ¢ Bea iR E A", =
LA SR A UK IRE R, S R, A0
PRI AT K2, B I S S AR (R JULET A s A
R CTSB fREFR e HEY, S 5ILA & A FK
figt, K VAL R P AR RN Y, eI SR B (cystatin B,
CSTB) J2&— 7l 5 B () g Py 41 £ 2 A g sk 7001, k2
Pl 28R (A BRI AR Y, R 4140 K
ARG ELEPHEE T . [ Russo 5P H CTSB Al
CSTB wI1ER R R IE L RWET, HAaTcfA 25
R T e e Ea Al H iR
R J7THI (B RN o DR IR FH 43 1 A2 2 F BERIE 9T
CTSB #1 CSTB ik A, WHRANBIEFTAL S P
WS R A EEE . (ATt E]Y il
EllsE T CTSB #1 CSTB () cDNA F4P', %} CTSB
FICSTB ik U9 3= ZE4E Hp 2 AR sl
AR, el > P R ST R W CTSB R CSTB
MERIATE mRNA FIE A NAS 2 X2 8 2 ik %=
W, REEBMEEEK [ARPFRPIAL] Ak
¥ W& CTSB 1 CSTB mRNA ik & B AT, *f
TR E AR W R R SR T
GUo  [HUMR R SCHE N ] ¥R CTSB M1 CSTB
mRNA (I AR, D dE— DR R BB A
MU ZE 5w S, Ay VAR P R A 32 5 Ry i ik AN
S e SRS A
1 #RIERZE
1.1 REAH

6 FARE LB AN FUREAE RSG50, IR K
BRI 6 AR S (R4 1020 3 4 FTS Hild) ,
FEASTFIRENL A 4 3k (28, 29D A A M4 244
) A, vl 48 Sk 2 dRlm]— I (R R AR 20 s A
28 HESWIWy, B 77T A 7 A . 2RI Ik
FIAH NI R] AT R IEAT 8 5, SRARBIBER 3~4 i iR
BRI FERIRIE A 22 ik H 6 Ak
KEE S % S Sk, B G KEREENE. MR
AR LGl . AT 48l B PR B UL
BV Sk LS R LA e K WLALEURE i, BRI T
RNAlater 37 (Qiagen, Hilden, Germany) ", —80°C
PRAFH T IR RIE =T . B RNA #3271 TRIZOL

6 H Invitrogen 2wl ; R AFI G RT reagents 53¢
1 PCR i SYBR Premix Ex Taq 4 [1 TAKARA 7
CiP
1.2 5 RNA BYIRER R R B3

B RNA (I3 TRIZOL R FIFMHEVE, R4
3% RT reagents 177 & i B AT .
1.3 5%, \HEHTRFFIHIA

9t 7 PCR 519 L liL £ Taqman #R4EFKH] ABI
Primer Express 2.0 1t 519 KRE 741 (R D .

F 1 S|HFERE T

Table 1 Sequences of the primers and probes

e P g1 RED JREI (5'—30)

Gene No. Sequences of primers (probes)(5'—3")
CTSB CAT-FP1 GCC CTA CTC CAT CCC ACC

CAT-RPI TCG ATG CCA CAGTGATCCT

CAT-Probe FAM-AGACAAGCACTTCGGATGCAGCTCC
TAC-TAMRA

CAT-FP2 TCT GCG AGC CTG GCTACAC

CAT-RP2 TCC GCC ATG ATC TCC TTC TC

CSTB CYS-FP1 ATC GCC GAC AAG GTG AAGT

CYS-RP1 CCT GCT TTT GTT GGT CTG GTA G

CYS-Probe ~FAM-CGATGACAACTTCGTGCACCTTCGG-
TAMRA

CYS-FP2 TGG CAG GAA CCT CTT CAT CAA

CYS-RP2 GCG GGA GGC TTT CAA ACA

p-actin B-actin-F1 GCG GTG GCCATCTCG TT

p-actin-R1 GAT CGT GCG CGA CAT CAA

p - Probe HEX-TCG AAG TCC AGG GCC ACG TAG
CAP-TAMRA

p-actin-F2 CGG GAC CTG ACCGACTACCT

p-actin-R2 GGC CGT GAT CTCCTT CTG C

H T BRI RIERE S5 S XU I ORsy P, 1
PR3 | AR BT HERf G 8 b 45 & 25— MR R A AL
&G PRUE RT- PCR ARG E, FIHT 3 %40 519
(45 CAT-FP1. CAT-RP1; CYS-FPI. CYS-RPI;
B-actin-FP1. p-actin-RP1, £ 1) 735X CTSB. CSTB
Al B-actin [¥] RT- PCR "3 v BEE AT A1, 47189 Fv
B T RT- PCR Ay A 5 8751, 475874
R AL MICAFE (R AW, Jbs0 ST 204k b
e, seBER| IM109 K #FE o, 3% i Invitrogen 23
FINPE, EEECH 3, BHEETAE 2 AN AR N BEAL
PRI (1) 3 SN 43 200 45 5 H Bioedit #A1LE
X MR v B i 51 SR S5 S A R G



12 34 M &% Cathepsin B &R F1 Cystatin B 3K mRNA RIEW KB AR S A R 25 4343

ey FAEIG R, B2 19868 & PCR
51M1(9%*5 CAT-FP2.CAT-RP2; CYS-FP2.CYS —RP2;
p-actin-FP2. f-actin-RP2, 3 1) KM% Tagman %4l
(X%l 45 CAT-Probe; CYS- Probe; - Probe, % 1)
1% LR A N A AT A
1.4 RMARREH

FtH RT- PCR &%} iCycler iQ Real-Time PCR
Detection System (Bio-Rad, CA, US) . ¥ Hi{&ZR K.
PremixEx Taq™ (2X ) 12.5 ul; L3514 (10 pmol-L™)
1 pl; 51 (10 pmolL™) 1 pl; 6 #R4EE (10
umol-L™) 0.8 ul; KR ZEMAINZE BAAR 25 ul.

SN ZAE: 95°C 10's; 95°C 55 40 MEFR; 60°C 20
s 40 MERR . BE—EIEE D8R AT 9015 Sk
o AR BE 3 ANES, SEEIN 3 A Ct
EHIEATHME, LA N T
1.5 fRAEMZ&RIENL

FIH BT 28 R A T (Genevac, JE[H)
PR ELLE L2 cDNA W45 1/100 7AF7, b J5 F EASY
Dilution (TaKaRa, Ki%) HKIESERBH 1X10°~
IX 107 ANRBECLO R BE ERRRE ), 164 1 X 10° ~1X 107
e 7 ANIRBEAPRESL, bRvESL RNV PER b, E 3
ANER . L iQS ¥ (Bio-Rad, CA) HEJWHE,
PRAE 2 th A B 8T, R EIRRERY AR
1.6 HiELIE

RYE R A CTSB. CSTB LK f-actin b
HEMZE IR 175 PCR § 3R (B, E=10018009 1316])
¥ E(EM Ct (AN THAXIHE CTSB Rk & 1A
XHE RE:

RE= (E ;) "9/ (E gyge) et

Kb B, WS EEN Y W 30%, Ct ref AH—FF
AN S IER Ct ;s 52 Eyee N H IZERY
WRR, Ct target NI —FFi HIPER Ct{E. ¥ RE
Hi 2B TS H SAS 9.0 #RAFREAT R IN £y
ZESHT AR ST o
2 HRENh
2.1 5 RNA iR

KH] TRIZOL Reagent AT # 4 ZUFE AL RNA )
LR (D, IR 3 414507, KIS S s
rRNA. 18s rRNA. 28s rRNA, It 28s 47 /4 K&
A 18s 4RI 2 £, 5 e SRR, LB . (7]
IR A% R 2 P A A (SmartSpec™ Plus, Bio-Rad)
KRS RNA BEATIOGERTI, FES Asso/Age N

1.86~1.97, VIR RNA ¥ 5238, BRI/, e
RUf, Tt D s k.

DM ML QF

SA  PM KY SN MM LR LD

KY: Bi; ML: BRBUES: LR: JFIE; DM: +#5: SA: J¢
NAERG: SN: MME; MM: LJJL; QF: VUKW PM: JEERJL; LD:
GEE SN

KY: Kidney; ML: Mesenteric lymph node; LR: Liver; DM: Duodenum; SA:
Subcutaneous adipose; SN: Spleen; MM: Myocardium; QF: Quadriceps
femoris; PM: Psoas major; LD: Longissimus dorsi

1 /5 RNA ZRBEHEEERT FLik
Fig. 1 Result of total RNA

2.2 Real-time PCR #RAEMT£LANIE T

FBHCR 1X10°~1X 107 7 AU RS b5
#E cDNA 7353 T CTSB CSTB M S-actin & PCR
Vi, 1551 Real-time PCR #xifE 4k, thl&E (RS
N 0.997~0.999, FHRAEN 93.6%~104.3%, WHFE
KMAEG R RAF, nTH T RIS BT =0T,
2.3 CTSB#0 CSTB mRNA FEARE4ALRBIHIRIZEEE R

KHAIRE BT %, 5IANN SR B-actin HrIEY]
LR MIE . RNA SRR EA n Pl 2=, H—1hild
R LR K 10 3k 6 WK U FIMRE LS AN [ 241 2R
FARE E S BAR AR A XM F G/ 2] CTSB Al CSTB
mRNA 7EAN AR RGBSR (2D o fEm I,
CTSB mRNA 7EB Ik JH RIS o ek il
e 48 B R IR AL Th Rk Ry, AR
VLA B LR Ak A, JF HLAE 3 AN )B4 1) 1
LR 3% 22 5. CSTB mRNA 7EE. + —J5/%A0
WA TR B B, AR R AR Hh Rk AR B AR
THE (P<0.0D) , (HAE KRS, 78 EAE
JUE H R IE 2P BRI, AR O WURIE L 3R SR,
16 3 M i E as L, VUS4 ZR CSTB
mRNA FEEWEEN (P<0.01) mFHIRAL, AL
RikERTH 2.
2.4 CTSB#0 CSTB mRNA F=ik Rt FEas{k ¥4

AR R R S Mg L 15 KA 2R CTSB il
CSTB #it&E (K3) . CTSB mRNA FikEAK AW
Lg% 0~4 H R G I R R0 56 T PR
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&5 E 2
8=z =g 10
10° | E g F
KY ML LR DM SA SN MM QF PM LD KY ML LR DM SA SN MM QF PM LD
#147 Tissue 141 Tissue

KY: PPk ML: Jiz R IR 45 LR: BT DM: =958 0; SA: B2 FIRIG; SN: [, MM: 0oL QF: JBePU KWL, PM: KL LD: 5 i KL

KY: Kidney; ML: Kesenteric lymph node; LR: Liver; DM: Duodenum; SA: Subcutaneous adipose; SN: Spleen; MM: Myocardium; QF: Quadriceps femoris;

PM: Psoas major; LD: Longissimus dorsi

a: CTSB mRNA HZ3ii; b: CSTB mRNA HEUMii. AFAML EAMFKKE FREZ HERREFRAEE (P>0.05) 5 ARG FRACKRER ¥
(P<0.01) ;Y FLAX Bzl e o

a: Tissue distribution of porcine CTSB mRNA; b: Tissue distribution of porcine CSTB mRNA. Values with the same letters were not significantly different

between tissues (P>>0.05); Values with the different capital letters were significantly different at the level of 0.01; Ordinate marked by logarithmic calibration

2 ¥ CTSB #1 CSTBEHHLA N #
Fig. 2 Tissue distribution of porcine CTSB and CSTB mRNA

1271 a " O K% Landrace W #1015 Meishan 08 .
b**
B E 10| s Y70 =
K g (it g k=l
vl K2 06 ax
g & 08 T i 4
B3 abc be a @ B E 05
< (E a ab _f:é =)
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CY i E2 03 b .
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T & BT 02 [
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H# Age (d) H# Age (d)

a: CTSB mRNA LA R EHERMMIE; b: CSTB mRNA KiZte K E A WMAER. [F— S A ] HEAR R 7 B 2 [ RoR 22 A 3 (P>0.05) 5 A
RS FRERUNG FRE AR ZE SR B (P<0.01) FIEZFE (P<0.05) o *FI* 4 HIFoRF— HB AR MR ZERREE (P<0.0D) FEFE (P<
0.05)

a: Developmental expression of porcine CTSB mRNA; b: Developmental expression of porcine CSTB mRNA. Values with the same letters were not
significantly different between ages for the same breed (P>0.05); Values with the different small and capital letters were significantly different at the level of
0.05 and 0.01, respectively. *and ** mean significantly different between the two pig breeds at the same age at the level of 0.05 and 0.01 respectively

B3 ¥ CTSB 1 CSTB mRNA RiZEX BT WME
Fig. 3 Developmental expression of porcine CTSB and CSTB mRNA

AR, KABEIAERER S, M3 AR RIVAR R REER S, BE MR E BRI
RENE, MUERIAEEEBIMY, €2 Atk W8GR, ek o s KNI 2 )= 0 H I
BB, 4 LG, 2 fFHE CTSB mRNA Rk iR Thim Ja B AR Ry, 7 AR RN RE B, B
AR AR, K PRI E RS, Ml JE PRGBS IR IA S, SRS & T BRI,
WL E R AR s, JfEE A 2 B R CER BRI RKE, SO R T R
AL ZE—ANE{H. CSTB mRNA FKikEAEMF LG+ KL g K F—3
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2.5 CSTB5 cTsBkRixERyMEXME

ARG P AT AR SR 0T T CSTB R CTSB
PIIEIA ) mRNA Rk . 454 2 i 5ds, @2l
B BRI 2 SRR B I FE R LA 4128 CTSB 5 CSTB
AN FRIL T (M AAAE LA DO (B 4 o HE—

KA BELH T T 2 N mRNA RIEEM KR 45
B, KA 0~5 AR E TR PSR KIAN
CTSB F1 CSTB mRNA ik & I 225 1EAHIE (=0.655,
P<0.0001) , {EMFILINE 0~5 Ak R FRfEH 2 JEH
mRNA FXEAHKCFEME (=0.306, P=0.049) .
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CTSB mRNA HIAF ¢ ik B ) £
LOG relative CTSB expression

0 0.5 1.0 L5 2.0

CSTB mRNA FH$ RiA B
LOG relative CSTB expression

a: Changbai pig; b: Meishan pig

4 CTSB 5 cSTB M FIEEM S E
Fig. 4 Scatter plot of relative CSTB and CTSB expression
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CTSB mRNA ({21273 A1 J& A SS PRI T 1 2
A, FEEPERBASMIERAL., B 5 EEA
PRI LLEL, EPXIAFRNER A2, 85 e b,
Segundo 25U B 5 428 1 Northern %48 )77 1:4f
T T HFK B, (rattus norvegicus) CTSB mRNA fEAAP
BRI RIBNGOL, R IR HE KA B AR sk
SRk, AR RN A B R G, 7RO LRI
SRk . ANER A RS H 25 A 2. NCBI UniGene
Bs PEA AT 1% BST #ci, Jl i [RIY8 L $6 i 5
H & A YR 1K) BSTs, JF41HiXEe BSTs 75 & 4 B
drr e, HHAREREE mRNA FIRIAFE, @ T
HAR L R R IKE R, o AR 4 RS CTSB
LRI RA 5, CTSB 1 CSTB mRNA 78 ¥l |
JHFIE S bR B 85 NI o 8 5 Kk, A IEFIL
A R KT AR - Stauber 25 IE /N LA UL 4147
W CTSB iEPERA WS 22570, SEPEERIY A 0L
> HMANL (soleus) >FHF > BEAARL Cextensor
digitorum longus) , &7~ CTSB {EAS[RIBAL L4121
AR REAFERIAZE S e AIREG LR 3 A AN R4

W 7E S B NLA, WE CTSB mRNA Riki, 45
AN 2 22 2 5, U 3 LI CTSB #55%K
P AH A HERR B KPRk i L S (T e
B IR B B 2 A WL 412, IR
B 13RI I e R 2 T BOEAT M7

CTSB mRNA K H W B&is BRI, I
A 05T 2 KRR & 7 5. Betchet 2522 F 5T
L, A= Wi & R ROV LN Rl T IV ) R
CTSB i A mRNA 8 5AKC gEFFE R kA, ik
— IR HE LS IR PE Y mRNA HsoK P B
& PR ; Bechet S0/ 5 ML 41430 CTSB
FIEIAEIEAT TS, KE 80~250 HidlA] CTSB i
PR mRNA 5 /K125 W25 TG, R W] CTSB Rk i
ZEIRE B, WIGEE R CTSB Mmkikn]
e A0 H T 9 A7 G o AR I 5 A7) b PO A s
HHr B CTSB mRNA 7E 15w KNIA LR PRk &, K
P U S ML E R B R R I SE T s B
AR, 4 e IR R D, bEE S E T,
XA e SR ALSUE R, BRI %, BEE L
AR K IR RO 2% 08 T B B, X PP R BB
NCBI UniGene CTSB i T # ik 1 — 30, Myl ik
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IR, TRE MO R R R B R, LA
AR EEHIUR AR, MILERAETE 4 HRLUG
SURIT R LS R — 2B AT

CSTB mRNA KA B{ESHAL MW B FE 2R, K
B CSTB 1% 5652 B 412U 7 11 H 25458 il - Pennacchio
SR Northern 2848 7 WF 98 T /N K Bl Cmus
musculus) CSTB mRNA 7E/RH 8 MR RIAE M,
W% mRNA TEFE B sk R, e 2
WA ACOERIE, FEFEEL IR EART I R KRS,
AREG 25 RS FIRERAH— S BRI SRR
T CSTB Wik FRIA, X n] B Pl A 208 ik
o 75 3 AASRIER AL E g WL, DU Sk AL CSTB mRNA
TR R, HS A WL o 4 2R 8 1
FREER B G B UK AR A, A& R A
TRITERE, R AR AR SAT 1 — Sk U RS0 A7 T
X 2O (RN R CSTB 2% 1530 34 e AS [ 3 457 JUL
PRI ) o P R B e Tz AN 1, IR R AN [R)AA2 UL PR ) 2
R WA YR RS 25 TR IR, IS 2 BIX SO 5
M MECN, 5 Ja 8 A K AT A 2 O (P BN 25
XN FIQEERIE, NI B UL g 46 4127
R BRI A A, RV S i 2 AN R e — 3k
JULS 2HARE L 172000 AR 6 i 3 et v RO KWL CSTB
T T TS vy T AFDR A 1 1 B KL, L PRl ]
REAt 23X A

KT CSTB mRNA K & M Bt Rk 4 7 i a5
R . ASUIEH 74 Bl LU 2 A HH AR J 4
B, BEE TR A FE R AR f5 Rk
TR, 2 HERIA BN, BEJGZ 8RR E.
4¥HF NCBI UniGene CSTB H 7 Fis#ERY, w] WAEH
A2 LB Bt CSTB mRNA ik A7 2RI B f, 3L
TS M L — 3, T g IR I 5 SR
BRI & WS HEIR 2] 2 Hig, X nlhes
PRI R P 5 i s 2R b TR WL IR A 2R A KR B A 2
EP

ORI 28 A A 2H 23 B I v A R, k)
WA RN AP E AR ARG R A EEEN . 78
TE AN A ZUE A BRI DA 25 40 T — P 3 2 P 1
RES, DARIEA U 1 1E A2 2R D) R IR [R] A 25 7=
AR LB B K AR, A TR S AR AL AU )
AT HATHE, FEURAM AR 2R, K
RIS FTRI IAEA T CSTB FI CTSB WiFEA ) mRNA
TR ERI W E IEADC, BHIE T 41288 A M5 it
MRS PHAEAE . AHOCRE M P = v e 5K

F¥E 0~5 Hd A G b Fa o iy 56 DA 2R 04 548 AH e 58 AH
XA, SRS WENLEIE BB DG, R 3 1%
A F 32 R DR 25 58 0 o ARG SR PR A G R B 3t Y
CSTB F1 CTSB 7% [ [F14M il 45 ¢ R I A2 B —x)
N, JZAEAER) CSTC. CSTA ZEH e e s th 4 5
Ly CTSB HTE I, 546 CSTB $5 24k h
— R GVE (i B S SN g R IR, {E b
Ja R R I E U E AR By Dy Hy S H2HHY)
PR BOA I ER (A Bl 1A S s s 4 Y, DRt 23
RETELe AT rp 25 18 0 2 I R S I N 7, kT RE s
RIUFEATHA GG R, BRI 2 B =2 (B [ AH
P L

4 i

4.1 CTSB 1 CSTB mRNA Rk 32 4K E 5.
A IR g S s R R, AR LR
HHNRIEFEEBAC. CSTB FikmAE AR E
HEVLIR) I AR 35 7 e, (AN REAE R PEIDL P i e
IARHE

4.2 CTSB F1 CSTB mRNA ik 5% & W BOf
AR IR Y . CTSB mRNA FiLEAE 0~5 H# K
KR LR TS S5 K UL B HR Se Th va J5 BR AR AR AL
#, MpULOEIE(E IR, IFAE 4 R e MR IR
Jil BT CSTB mRNA FikmlE 0~5 FdH 75
e LR o R I AR S W s, BB B BRI ) R
IR TR U IR 2R AR U O H AR 5 ek SR
Thimr, 2 HEIABEAE, BEJE BB FRAC;

4.3 RHEEHEKIHLF CTSB A CSTB mRNA ik
R W I IEA DG, AHOCR E BAT b 22 e bk
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