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Study on Effective Preservation of Bovine Pericardium Using Decellularization
and «-galactosidase for Eliminating Xenoreactive Antigen

Min Seok Kim*, Cham Jin Park*, Soo Hwan Kim**, Hong-Gook Lim, M.D.*, Yong Jin Kim, M.D.*

Background: Effective decellularization and fixation process is critical, in order to use xenogenic valves clinically. In
the present study, we decellularized bovine pericardium using sodium dodecyl sulfate (SDS) and N-lauroyl sarcosi-
nate, treated with «-galactosidase, and then fixed in various manners, to find out the most effective tissue preser-
vation & fixation procedure. Material and Method: Bovine pericardium was decellularized with SDS and N-lauroyl
sarcosinate, and treated with « -galactosidase. Both groups were fixed differently, by varying glutaraldehyde (GA) or
EDC (1-ethyl-3-(3-dimethyl aminopropyl)-carbodiimide)/N-hydroxysuccinamide (NHS) treatment conditions. Thereafter,
physical examination, tensile strength test, thermal stability test, cytotoxicity test, pronase test, pronase-ninhydrin
test, purpald test, permeability test, compliance test, H&E staining, DNA quantification, and « -galactose staining
were carried out to each groups. Result: GA fixed groups showed better physical properties and thermal stability
than EDC/NHS fixed groups. EDC/NHS-GA dual fixed groups showed better physical properties and thermal stability
than EDC/NHS fixed groups, and showed better thermal stability than GA fixed groups. In pronase test and pro-
nase-ninhydrin test, GA fixed groups and EDC/NHS-GA dual fixed groups showed stronger crosslinks than
EDC/NHS groups. Permeability and compliance tended to increase in EDC/NHS-GA dual fixed groups, compared to
GA fixed groups. But, EDC/NHS-GA dual fixed groups had stronger tensile strength and lower cytotoxicity than GA
fixed groups. Conclusion: We have verified that EDC/NHS-GA dual fixation can make effective crosslinks and low-
er the toxicity of GA fixation. Henceforth, we will verify if EDC/INHS-GA dual fixation can lower calcifications & tis-
sue failure in vivo experiment.

(Korean J Thorac Cardiovasc Surg 2010;43:576-587)
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Adol] thall 22 sodium dodecyl sulfate (SDS)2} N-lauroyl
sarcosinate (SLS)E ©]-&3t FA|=Z3} B Udz}-ZAeEA|ch
oAl A S AR = GA9t FlErlolofufo] =5 o] &
o wARoRA AFAA ARslo] & 27 1z
Hop g3 Ql Aldz2] Al Wl izl gopi izt s
et

CHAF 2 Bf

o X oH-™
1) 2 MESIQ «-galactosidaseX 2]

2GS eG4 2 A& s, 0.1% Peracetic acidS
=
o

Tl YaL 1A ESolFa, &

M9
olF ¥4 AAE A aAHQ 14

TR IAIZE AlA g

(1) Sodium dodecyl sulfate (SDS)T: 4°CollA] 0.25%
SDS7} 23 AAA Skg&Hell 2442 Aelsta, 147
SHFE AHFZ 05% TritonX-1000] E3HE 244 ¢
Z&Hol| 24417+ Helslar, 1417 S5l AlFsiet 0.1
U/mL « -galactosidase”} E3+% 524 SFEHoll 124]
7+ A=sla, 1A SRR AXge A kgl
(Inell 4X)17F *2]s}aL, phosphate-buffered saline (PBS)Z 1
A 7F AF ko] Hgict

(2) N-lauroyl sarcosinate (SLS)T: 4°Coll4] 0.75% SLS
b EGE AR SNl 2447 Helshn, 147 2
T2 AAE8) 0.5% TritonX-1000] £33+ A4 93
Solol 24417F Aelela, 147F 25l AR 01
U/mL « -galactosidase”} E3+% 524 SFEHoll 124]
Zv Alsta, 1A SRR AR 144 S8
(oll 417+ xelstar, PBSE 1417+ Aldste] Hakgh)

2) 13

(1) Glutaraldehyde (GA) fixation: 0.25% GA-&°Hol| 724]
AATE & 025% GA, 75% ethanol B 5% octanol®] &
Hofl W1 48417F Heleldct o] % 025% GA §-Holl
Q3 120417 A, 02M Glycine-&ol] a1 37°Col|
A 24X 7k A elslich

(2) 1-ethyl-3-(3-dimethyl aminopropyl)-carbodiimide (EDC)
/N-hydroxysuccinamide (NHS)+ GA fixation: 0.05M 4-mo-
rpholinoethanesulfonic acid hydrate (MES)ell 30 mM EDC/6
mM NHSE £3A]7] EDC-NHS solution® 2 24X 7+ *] €]
3 %, 025% GAZHoll Wi 72417k F]F A8} o]
% 0.25% GA, 75% ethanol & 5% octanol®] E3}tool] W51
48X 7 ABlslaL, 025% GA £Hel| 12047+ 243s)3ic}.
o]% 0.2M Glycine§-Holl {31 2447+ A &lsl]ch.

(3) EDC/NHS fixation: 0.05M MESe]] 30 mM EDC/6
mM NHSE £&]4]7] EDC-NHS solution® 2 24A] 7+ 5<F
A gl s}i et

A

3) Physical examination

pylenes ©]&

1 (& 5017
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AT, 5 (Aol A
+ 5-0 Polypropylene&.2 =
g7 uo} o] olrh
718k, 2gs7] A9
g Folol WANZ 1 (4 S,
(7 =olHh), 3 (L83, 4 (B 5olvA &), 5 (A
A EE ATE WA 3, 23 & AAA

2 ol Fh(apol A71=A9 775 A s

{1 ZAl(Tensile strength test)

AEE 520 mmo] AHO R whFo] F 5 mmell
& AgAEE SHekeleh A= 24S Digital Foree
Gauge (DS2-200N, IMADA, Japan)g o|&3}9lx, Ha &

S(load speed) 100 mm/minZ ZA3slo] we|= MPa
(N/mm*)E ZE7|3Fch

5) & oMM Z{AK(Thermal stability test)

A3 S 8x30 mme] Ao g =z} 95 gA FE AH
A9l A& slelAl & F 55°Ce] Sl Yal 2°C/min
o 2R B LEF WA A Aol FAuA
FEe AR, § 249 Al HAo] dojue AIA
o] LEF THE 47 vla Fsioich

6) MZ=M ZAKWST-1 assay)

AGdAE 1% SAA7E d7FEl Dulbecco’s Modified
Eagle Medium (DMEM, Welgene)ol] 3L 37°CollA] 724]7F
S wiFEiet o] % AFHE 3 v, —20°Cell A
Askeich. A o Ry FEIA LG AFRAZE
odo] 37°C, 5% C0,2 B7ANA 1% &AA, 10% Fetal
Bovine Serum”} %7} DMEMel| ioFsldict. AlE £4
A 3l wloket HAEZAEY AFEAEE 96 well
plate®] 7+ wellnbc} 25x10°709] A|ZS A3 wjokat 9,
e A7} 80% Bt HW 1% FAAANke] A7t
DMEMOol| 4] 4417k wjokabgict. whokat &9 A7
BRI vkl e AAR 5, 2A2el Aol §5
AENL 100114 Azlelo] 48A7 wleksisiet. ol
tetrazolium salt (WST-1)= 10 L% X 2]3}o] 4X|7F ullok

¢

O}

ok

[

3t 5, microplate readerE ©o]-£3}o] 450 nmol|A FHFEE
ZA4sdrt
7) Z2LI0IN| XME AlE (Pronase test)
AdHE Azg 3 FAweight )S 43t 005

mg/mL pronase §-°4-5 d7lg 5 AGHE —‘g— 121
k. AlE 3 Az 5 A (weight 2)5 A4 Zijo}
Aloll gk A& ZHoA FAIF% (=weight 2/W61ght 1x100)

o 22 vERAt

s oﬁ

O

lM =

8) Pronase-Ninhydrin A|E

0.1 mg/mL pronase $-°Hol] AJFAE Y3 WA Z)
A AAL AAsL G LNl ninhydrin 50 #LE 4}
S A17] %, microplate readerE ©]-g3}o] 595 nmollA41 9] &
FEE AU FRERE 59 olv|Ate A%
AlFsl et

e

9) Purpald ZiA}
A Purpaldel] A7 3 FA 5ol 2EAA
o) Aol wehe dl Azl A7 W mejle] JEE

A5

toox

it

10) Hematoxylin-Eosin (H&E) staining

SDSE o]&3to] A £}t A
SAZ3 A7 o|H e 4
1S lysis buffer®} proteinase K& 9o] EP tubeoll &
3L incubaterol] A 55°C&E overnights}3]th. ©] 3 centrifuges}
o:] /z]—* oH S oJJ_ 5 M NaCl-& 71—71- 250 uL“] ;‘gy].“]- _,4
proteing 7Fekok3] 7] $13lo] centrifugest it thA] # 3k
AZolo]] 500 uL2] isopropanols 87}t H inversions &}
93 DNAE 2H9lsla thA] centrifugest it A5HE
2] 42 DNA pellet& 70% Ethanol 500 uLZ Washjng?i}
7] 913l centrifuge 3+ ¥ &5Hg Wl @ ¥ 100 uL
2] Elution bufferS Yol pellets dissolved}ith. o] 3%

NANODROP% ©|-§-3to] DNAE A &3} 3t

]

il

o> R
um

<

0

12) OE]-EI._JEI- %ol-_?. adx-lo'_m} o4 AH

=2o [= N |

Protein & peroxidase®] blocking=S 7% washing 3t %,
Biotino] ¥+ Griffonia simplicifolia I isolectin B4 (Invitro-
gen, Carlsbad, CA)E AstZ45 dZMol 1 ugmLEERE
QH*}O:] Zu}lo] =l 0.1 mL ‘dcﬂrﬁal T o] & 1417k Wi

kste}, <5214 2 2 Horshradish peroxidase”} $-2H5 strep-
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Table 1. Physical property of variously treated bovine pericardium

SDS+GA SDS+EDC+GA  SDS+EDC SLS+GA SLS+EDC+GA  SLS+EDC

Palpation 2 2 1 2 2 1
Suture 2 2 2 2 2 2
Extensibility (gap) 3 (no) 2.5 (no) 2 (no) 3 (no) 2.5 (no) 2 (no)

SDS+GA=A group treated with SDS, and then fixed with GA; SDS+EDC+ GA=A group treated with SDS, and then fixed with
EDC/NHS and GA; SDS+EDC=A group treated with SDS, and then fixed with EDC/NHS; SLS+GA=A group treated with
N-lauroyl sarcosinate, and then fixed with GA; SLS+EDC+GA=A group treated with N-lauroyl sarcosinate, and then fixed with
EDC/NHS and GA; SLS+EDC=A group treated with N-lauroyl sarcosinate, and then fixed with EDC/NHS.

Table 2. Tensile strength of variously treated bovine pericardium

SDS+GA SDS+EDC+GA  SDS+EDC SLS+GA SLS+EDC+GA  SLS+EDC

N 10 10 10 10 10 10

Thickness (mm) 0.33+0.04 0.38+0.03 0.34+0.05 0.40+0.07 0.32+0.06 0.32+0.07
Ultimate strength (MPa)  11.18+3.02 11.85+2.92 13.45+2.12 10.35+2.77 12.02+2.27 13.08+6.10
Strain at fracture (%) 41.00£6.68 40.3317.93 48.67+7.40 52.3319.17 48.0018.64 44.00£7.50

SDS+GA=A group treated with SDS, and then fixed with GA; SDS+EDC+ GA=A group treated with SDS, and then fixed with
EDC/NHS and GA; SDS+EDC=A group treated with SDS, and then fixed with EDC/NHS; SLS+GA=A group treated with
N-lauroyl sarcosinate, and then fixed with GA; SLS+EDC+GA=A group treated with N-lauroyl sarcosinate, and then fixed with
EDC/NHS and GA; SLS+EDC=A group treated with N-lauroyl sarcosinate, and then fixed with EDC/NHS.

taviding 5 ug/mL FE2 G324 Nl 314 sto] 0.1 Turkey b test 2= Dunnett®] T3 testE ©|-&3dlod 7533
mL "ojrea] & 1A 7k wjek3bel. 1 3 3.3’-diaminobeni- t} p<0.05E o3t Ang 7hEseich

dineS 0.1 mL &&}o]Eof Wojel 12 % 3% Z/FZ

A8 % hematoxyline 1%, HCIZ} ammonia$} ol|gh-g, 2 i

neo-clear®] Y& 9] IAL 7% & mounting mediume
oj=al ¥ coverglassE Wi Wste] duk-zk A A
2 #olgh, A, =

Well o3t XolHrh= g W
. Z£219 7% EDC/NHSE 4 & To
Folu} EDC/NHSS} GAE o] g3k ol Hl &l H

1) Physical property (Table 1)

J

A AL, AR

“

13) £l ZHAl Y &= HAK(Permeability test,

Compliance test)

kJ

(1) Fo=ZHAE: A6l A=|AdFE o] &3te] 100 HAck $PAY] A e BE
mmHg?| €& 103 &<t 7k 5, Aldas Fask A vtk iR 22E B2 F 230 L°M~ %]
gl A ks A3 52 uzs] & A7, EDC/NHSE 1A o] GAR 1
(2) FEEZAL A AAAFE o83l o, A3t Fofl vlel ©] & Folykem, EDC/NHSS GA9| o]
100, 120, 140, 160, 180, 200 mmHg2] A4S 7}slod, A % IR TS O 7 I vlaste T AR AR
Ao wyd HuE FA% g i&it}. BE TellA 245 AAZA W] 9 3

14) S| g2ty

X3 HA
7t Agdupet 7k BAE Aol S Sroliy] A 2) &3 ZAK(Table 2)

7)
Y Aulx] AL A (one-way analysis of variances, ANOVA) SDSE F-A|Z3pet 3}, SLSE FA|Z3g £ vl
32 Kruskal-Wallis 415 Al3§slolon, AFZEAog= g Az}, FAE3 W ol uhE {23 ol §lodth =
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Table 3. Thermal stability test results of variously treated bovine pericardium

Fresh SDS+GA SDS+EDC+GA SDS+EDC SLS+GA SLS+EDC+GA SLS+EDC
N 15 5 5 5 5 5 5
Sharp deflection 69.42+1.48 86.25+0 88.75+0 81.25+0 86.25+0 88.25+1.12 81.25+0
point
p-value* - 0.000 0.000 0.000 0.000 0.000 0.000

SDS+GA=A group treated with SDS, and then fixed with GA; SDS+EDC+GA=A group treated with SDS, and then fixed with
EDC/NHS and GA; SDS+EDC=A group treated with SDS, and then fixed with EDC/NHS; SLS+GA=A group treated with
N-lauroyl sarcosinate, and then fixed with GA; SLS+EDC+GA=A group treated with N-lauroyl sarcosinate, and then fixed with
EDC/NHS and GA; SLS+EDC=A group treated with N-lauroyl sarcosinate, and then fixed with EDC/NHS. *=Kruskal-Wallis and
Dunnett T3 analysis compared to fresh group.

Table 4. Absorbance (A450 nm) of fibroblast and smooth muscle cell, after treating with eluate of variously treated bovine pericardium

SDS+GA SDS+EDC+ SDS+EDC  SLS-GA SLS+EDC+ SLS+EDC Positive Negative
GA GA control control

Fibroblast

N 3 3 3 3 3 3 3 3

Absorbance 0.955+0.11 0.710+0.02  0.752+0.21 0.857+0.10 1.033+0.25 0.989+0.26 1.839+0.04  0.440+0.00

(450 nm)

Smooth muscle cell

N 3 3 3 3 3 3 3 3

Absorbance  0.777+0.04  0.7560.16  1.457+129  0.658+0.01  0.946+0.10  1.135:0.06  2.974+0.14  0.437+0.00
(450 nm)

SDS+ GA=A group treated with SDS, and then fixed with GA; SDS+EDC+ GA=A group treated with SDS, and then fixed with
EDC/NHS and GA; SDS+EDC=A group treated with SDS, and then fixed with EDC/NHS; SLS+GA=A group treated with
N-lauroyl sarcosinate, and then fixed with GA; SLS+EDC+GA=A group treated with N-lauroyl sarcosinate, and then fixed with
EDC/NHS and GA; SLS+EDC=A group treated with N-lauroyl sarcosinate, and then fixed with EDC/NHS. Positive control group
was treated with 100 «L DMEM containing 1% antibiotics; Negative control group was treated with 50 «L DMSO and 50 «L
DMEM.

sk, SDSE FA|E3E APTE dollA 24 Wl uhE o] &sto] FAE3} 8t FE59 ASoll=, EDC/NHSS} GA
Zol= ¢l A2 Z YElyton, SISE o]&3le] FAE 2 o|F A 7-o| EDC/NHS Aol sl Fahallo] W
shek Ag TSl 3l g Wl uhE XolE WAY ARe 571 934 =92 (p=0.007), EDC/NHSS}
551
o]

S Qe % EAM O fel3t Aol WA & GAZ olF TAT GA RAT 2e] F9I8 Holi u
QAR 34 wiel mel ARG AHS BAS + 9 ASA Gk uF AH BAY S04 welAE
Stk GA wATNA 4 S 4TS uglew],  EHAT, EDONHSS GASl o|F w4 ¥, GA LA,
EDONHS ZAZolA 714 2o Q@452 molth  EDCNHS RATY £AZ 2ol wa AR Lxsh
EDCNHSS GAZ ol% nATe] 4% 27+ 459 7ke 2/ was: Aol dglsh
b9
. 4) MEZSAM ZAK(Table 4)
3) & oM ZAK(Table 3 _
) = 2SS aliiable 3 NERAE AY Asboll A, FAL whtlel] whe
SAT el BE S el Gglh 0 B Aol glsith 4, SDSE ol ekl TS 7
woll whel AAE 2ol 8] ZE ATl FAA 3, SLSE ol Beho] AT F 2zl 17 ol
WAe] Yolb AR LEA SOl Boheh SLSE  whE Aol WAEA shohel YTAE Ael Askel A,
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Table 5. Pronase resistance (a) and the amount of eluted amino acid per unit mass after pronase treatment (b), of variously treated bo-

vine pericardium.

(a) Fresh SDS+GA  SDS+EDC+GA SDS+EDC  SLS+GA SLS+EDC+GA SLS+EDC
N 10 6 6 6 6 6 6
Residual 3.19+6.86 88.47+5.52 87.36%5.15 80.28+4.21  95.64%5.10 93.70+1.90  92.15+6.54
weight %
p-value* - 0.010 0.007 0.014 0.002 0.000 0.029
(b) Fresh SDS+GA  SDS+EDC+GA SDS+EDC  SLS+GA SLS+EDC+GA SLS+EDC
N 3 5 5 5 5 5 5
Amino acid 12.25+2.10 5.624+2.40 3.351+0.47 6.722+0.98  4.711+0.37 5.823+049  9.170+1.67
(1 g/mg)
p-value* - 0.155 0.000 0.015 0.000 0.003 0.385

SDS+GA=A group treated with SDS, and then fixed with GA; SDS+EDC+GA=A group treated with SDS, and then fixed with
EDC/NHS and GA; SDS-+EDC=A group treated with SDS, and then fixed with EDC/NHS; SLS+GA=A group treated with
N-lauroyl sarcosinate, andthen fixed with GA; SLS+EDC+GA=A group treated with N-lauroyl sarcosinate, and then fixed with
EDC/NHS and GA; SLS+EDC=A group treated with N-lauroyl sarcosinate, and then fixed with EDC/NHS. *=Kruskal-Wallis and

Dunnett T3 analysis compared to fresh group.

0 minute 10 minutes

20 minutes

30 minutes 40 minutes 50 minutes

SDS+GA
SDS+EDC+GA
SDS+EDC
SLS+GA
SLS+EDC+GA
SLS+EDC

Control*

Fresh| @ &2 &

Fig. 1. The color change of variously treated bovine pericardium, after the reaction with purpald solution. SDS+GA=A group treated with
SDS, and then fixed with GA; SDS-+EDC+GA=A group treated with SDS, and then fixed with EDC/NHS and GA; SDS-+EDC=A group
treated with SDS, and then fixed with EDC/INHS; SLS+GA=A group treated with N-lauroyl sarcosinate, and then fixed with GA; SLS+
EDC+GA=A group treated with N-lauroyl sarcosinate, and then fixed with EDC/NHS and GA; SLS-+EDC=A group treated with N-lauroyl
sarcosinate, and then fixed with EDC/NHS. *=Bovine pericardium treated with 0.625% GA for 72 hours was used as the control group.

aL
FAZ 259 ZA$, GA ATl H]@] EDC/NHSS}
a =0.024), EDC/NHS 374 7-(p=0.001)2]
AE Aol Y& Ao Z el ow, EDC/NHSS GAZ
o|F TF EDC/NHS BT Aol Xpol= gldith
SAAY FoAE WA= ofHIARE GA A B
t}= EDC/NHS 1% Wo] AlE £4 o] ‘,%% B B

glet.

ox
el
)

5) ZZLIOtAH| A& A[&(Table 5a)

>

AAsE 24l vlsl] 2 A
gk Ago] FoslA =k 2

TEollAE 38 Wl w}% frelgt Abol& @it
LJ‘#_, SDSol| v 3] SLSE o] &3 LA L3} Hel = 3k Tl
Al ZEufobA| 24 o] v4‘5]-7'ﬂ =A #EEGCHGA
AT p=0.037, EDC/NHS®} GAE o|F IA T p=0.010,
EDC/NHS AT p=0.025). BA|E3} vbol] A glo]

2l ellA Z 2ol el
Lo wbyo g FA|Es)

r# &
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x100 x200

SDS+GA

SDS+EDC+GA [+

SAFNA ZajolA Aol A

HHH o2 GAE
Yo, EDC/NHS LA TollA] ZgokA] Ag4ge] 7t
J’ U A%E Bk

6) Pronase-Ninhydrin A|&(Table 5b)

A A AdHol| A 7 v olm|Ale] L2359l o
], SDS$} SLSE o] £-3F A R FollA EDC/NHS 2H
TollA ofu|Ato] 7hAk wo] &F| el FAIES} W

x400

Fig. 2. H&E stain of variously
treated bovine pericardium (x100,
x200, x400). SDS+GA=A group fr-
eated with SDS, and then fixed
with GA; SDS-+EDC+GA=A group
treated with SDS, and then fixed
with EDCINHS and GA; SDS+
EDC=A group freated with SDS,
and then fixed with EDC/NHS; SLS
+GA=A group treated with N-lau-
royl sarcosinate, and then fixed
with GA; SLS+EDC+GA=A group
treated with N-lauroyl sarcosinate,
and then fixed with EDC/NHS and
GA; SLS+EDC=A group treated
with N-lauroyl sarcosinate, and then
fixed with EDCINHS.

Table 6. Amount of DNA per unit mass of fresh bovine pericar-
dium, and bovine pericardium treated with SDS

Fresh SDS
N 2 5
DNA (xg/mg) 1.71+0.37 0.05+0.08
p-value* - 0.034

*=Kruskal-Wallis analysis compared to fresh group.
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SLS

Fresh

Negative
control*

20IA 9
#37el 14

Fig. 3. @-gal stain of variously treated bovine pericardium (x100, x200, x400). *=Negative control group was not treated with GS-IB4 be-

fore streptavidin treatment.

of Wb ofmAt EEe] o3 Xeol= gldch w3l
SDSE F-A|Z3} 3+ 7%, EDC/NHSS} GAQ| o|F AT
7} EDC/NHS IA T ZHe] F9]gt Xol7b ik SLSE
SFAZ3} & 7% EDC/NHS A4 GA 1AL
EDC/NHS®} GA ©]F ng8iich fosiA B ofv|x
Aro] &&E 9t

7) Purpald Z Al(Fig. 1)

8) H&E staining (Fig. 2)

SDS9} SLSE- o] &3k FollA] =

—r
rN
r-E
2
lo
fr
)
£
4l
ot

7 A ol Folzlon, - A2l 2o &

9) DNA XN 2K(Table 6)

B3 Zpol= Yigich

sDSE AMeld ol obfd HelE obA ke AP
% Aol Hl) Sl G DNA e Hlon
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Table 7. Permeability (a) and Compliance (b) of variously treated bovine pericardium

(a) SDS+GA  SDS+EDC+GA  SDS+EDC SLS+GA  SLS+EDC+GA SLS-++EDC
N 5 5 5 5 5 5
Permeability 18.88+10.31 20.81+14.49 3531+2277  25.486.03 46.75+14.18 61.30+32.52
(mL/hr - sz)
(b) SDS+GA  SDS+EDC+GA  SDS+EDC SLS+GA  SLS+EDC+GA SLS+EDC
N 5 5 5 5 5 5
Compliance 11.90+4.94 18.05£13.72 21.28+17.72 12.42%329 20.27+11.23 20.25+5.47
(#L/mmHg * cm’)

SDS+ GA=A group treated with SDS, and then fixed with GA; SDS+EDC+ GA=A group treated with SDS, and then fixed with
EDC/NHS and GA; SDS+EDC=A group treated with SDS, and then fixed with EDC/NHS; SLS+GA=A group treated with
N-lauroyl sarcosinate, andthen fixed with GA; SLS+EDC+GA=A group treated with N-lauroyl sarcosinate, and then fixed with
EDC/NHS and GA; SLS+EDC=A group treated with N-lauroyl sarcosinate, and then fixed with EDC/NHS.
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