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Abstract : Canine trypsin-like immunoreactivity (cTLI), which is a mirror of the concentration of trypsin and
trypsinogen, is a pancreas-specific enzyme and a suitable marker for canine pancreatitis and especially exocrine
pancreatic insufficiency (EPI). To develop the immunochromatographic test kit, monoclonal antibodies that recognize
¢TLI were prepared. Anionic trypsin, cationic trypsin, and chymotrypsin from canine pancreas were successfully purified
to homogeneity, using ammonium sulfate fractionation and benzamidine-affinity chromatography. The purification fold
for anionic trypsin was 108 times when compared with that of the homogenation of pancreas. The molecular weights
by SDS-PAGE analysis were approximately 23 kDa for chymotrypsin and approximately 20 kDa for cationic trypsin
and anionic trypsin, respectively. Using the purified trypsin-like proteins, ten hybridomas which secret canine trypsin-
specific monoclonal antibody were prepared. Klotz plot indicated that hybridomas, SG2H10G4 and 2F4A11, have high
affinity constant (Ka) of 4.1 x 10° and 1.8 x 10°, respectively. Especially, 5F9H3 showed the cationic typsin-specific
binding pattern and its Ka was determined to 4.5 x 10°. The development of immunochromatographic test kit using
these monoclonal antibodies against ¢TLI will be very useful in the diagnosis of canine EPI or canine pancreatitis.

Key words : dog, trypsin-like immunoreactivity (TLI), monoclonal antibodies, exocrine pancreatic insufficiency (EPI),

pancreatitis.
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Table 1. Purification of canine trypsin from pancreas
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Fig 1. SDS-PAGE analysis of canine trypsin purification. M, size
markers; lane 1, homogenate; lane 2, (NH,),SO, fractionation;
lane 3, dialysis 1 mM HCI; lane 4, trypsin activation; lane 3,
flow-through of affinity chromatography; lane 6, purified
chymotrypsin; lane 7, purified cationic trypsin; lane 8, purified
anionic trypsin.

kDa
100
70

50 —
40

M 1 2 3 4 5 6 7 8

30

20

Fig 2. SDS-PAGE analysis of anti-canine trypsin monoclonal
antibodies. M, size markers; lane 1, 5G2H10G4; lane 2, 7A10
C10; lane 3, 2F4A11; lane 4, 1D6D6B2; lane 5, 7F1A6D12;
lane 6, 4F11D2; lane 7, 7A12C8G2; lane 8, SFOH3.

Purification step Total activity

Total protein Specific activity Purification fold

Homogenation 30.62 (300 ml) 5,000 mg 0.006 1

(NH,),SO, Fractionation 24.99 (50 ml) 1,000 mg 0.025 4
Benzamidine Chymotrypsin 3.25 (S5ml) 5mg 0.65 108
affinity Cationic trypsin 7.65 (5 ml) 10 mg 0.77 128
chromatography Ty it psin 523 (5ml) 8§ mg 0.65 108
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Table 2. List of hybridoma secreting canine trypsin-specific antibody

Relative activity(OD,5/mg of protein)

Hybridoma Isotypes p— , — - -
Anionic trypsin Cationic trypsin Chymotrypsin
5G2H10G4 IsG, 2.58 1.73 0.38
7A10C10 1gGy, 1.52 1.61 1.05
2F4A11 IeG, 1.27 1.26 0.21
1D6D6B2 1gG,, 0.81 0.85 0.89
7F1A6D12 1gG, 1.00 1.02 0.97
4F11D2 IgG, 0.31 0.47 0.64
7A12C8G2 IgG, 1.03 1.23 1.11
SF9H3 1gG, 0.02 0.70 0.01
6G6H3 1gG, 0.55 0.65 0.55
3G6C8 IgG, 0.57 0.68 0.55

Table 3. K, value of each anti-canine trypsin monoclonal
antibody caleulated from Klotz plot

Hybridoma K, value K (1/K,) value
5G2H10G4 24.4+0.81 x 10" 4.1x1¢°
TA10C10 38.04£0.52 %107 2.6 x 10°
2F4A11L 56.9+3.79 x 10" 1.8 x 10°
TA12CRG2 167033 x 10" 6.0 x 10°
5F9H3 220£0.13 x 10 4.5x1¢°

Ak 2 A= Table 39 YERIATE 5G2HI0G49) K &=
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22.0£0.13X 1078 UePRo], K& 5G2H10G491A 4.1 x
10°, 2F4ATIO0A 1.8 x 10°, SFOH3A 4.5 x 10°% Bt
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Fig 3. Klotz plot of anti-canine trypsin monoclonal antibodies,
5G2H10G4 (A) and 2F4A1l (B).

oA 104107} 8 e 2EPEE viERfjoa] HAel
go] 7hssltt B dolxle] slelBelkent 5 5G2HI0 G4
= 4.1x10°, 2F4A11S 18x10°9 K 3HS uehfigion
%}9»“ 9 ZolAd EFAl B -°13401°*Ur A
5G2H10G4 & 2F4A11S 414 HagviETs e 7)
E 7] capture & Ei= conjugate £02 ARE 4 3L
oz Wl B3] SFOH3S 7l Yol Egiefwt

ir

mﬁo



322 A5 - ZAE - A5
Eolido] A4 Jehloir EAle] ol Eil S04
o] Eejslsks] BAo)] 85 AHEE 4 U HeE B

rlo

olt}. Williams®} Batt(19y%= TLI 7|ES /R&d w) o)
4 EYALE o g3lGth £ AolMT SFOH3ZRRE o)
2 EFAE EelgAste BEE dAE Ao o
£ N Sl EFA Ak J|E sje] &8 F UL
ZoR HRATh Al oM e 85 AEHe &0l4
EYNE A4 AE9e AE= g8 7] giE@)
5G2H10G4 E 2F4A119] ©EE IAE olgsl FA4 3
FE A 71E s 3 e 8% TLI = AF4E
Agte] Tgo] & Aoe=w golr)
34, EJJrX J A7l ik steiste 23io] A gk
4 R3O0 2 o] &sh=t] o# el

A Aolrt. 94 011*1 Skl ”“Ol FHHolg FRE=
A A EaPd =7 AAl= 2 Tgo] HA &
IS o831 7H =4 AEd ==

=

EPI| Aet 7|EQ] JiEE A% Ve H4L 0 A¥Y
2k 715 el & - 24 8ol 7FsEit.

A8 tgfeﬂ%q E v5E F4shks TLI 719E
E%%“’ A ATE A 7P 22 Ao, l‘di}
ATE 7L 91‘: 5G2H10G4, 2F4A11 ¥ 5F9H3 3
= AZE Ak 7B -8 82 F US 9& B

ol olE& olfsle A& MAAznET Iy i &
£ ¢ A& AR JIdEn 23y & AFelr] Az
GEE PAE ol gl I T1ES s 2R 7
T APE Hrtsle A& 88, A4 A%E 4 EPI
el gL Arlske S8 A7 "okl

d e

7}14 3 EYH EA =AY F 3,
4L Aol Bolsiy AFAH 6] EPI ZIgte] 21279
9}% AEZ o] &Hth B AolAe= TLI thigh A4 A
AazetEgdy A 71EE NEE] $8k ¢TLIE <
2sle TEE FAE AT
N FFoZHE FIREYA sFsks <F 23 kDao] ¥l
= 01:0].9_/\-1 E%/\]_,,]. —_o]i}ﬂ E%)\]oﬂ 5]]1:} ].__. 9_{1: 20

KDa WL $PEASIT o] EQA #4 wHE Yo
2 Al 24 Sold B2 WA Rulse sl

ZEnkE At 2 S04 Kotz plotol] &JF] slo]Ha]wu}
5G2H10G49} 2F4A11Z 22 41x10° 2 18x 102 &2
8PS JepIl). 53] SF9H3 e ol EY
Al Bolxoz Hhgsidom s 4.5 x 10°0]]0}.
£ Ao A2t ¢TLIO So)ldoz vhgahe TEE 3
AE o]gatd A&HAIAZnETNT A TEE LS}
A B 7)) A3 EPIY) ol vhg- (8314 FH4E
Ze= 7itjdnt.

10.

11.

12.

13.

14.

15.

16.

¥
kl
A
rot

. Boollag DM, Rozycki MD, Edelstein SJ. Gel electrophoresis

under denaturing conditions. In: Protein Method. 2nd ed. New
York: Wiley-Liss. 1996: 107-154.

. Colomb E, Guy O, Deprez P, Michel R, Figarella C. The two

human trypsinogens: catalytic properties of the corresponding
trypsin. Biochim Biophy Acta 1978; 525: 186-193.

. Friguet B, Chaffotte AF, Djavadi-Ohaniance L, Goldberg ME.

Measurment of the true affinity constant in solution of antigen-
antibody complexes by enzyme-linked immunosorbent assay.
J Immunol Methods 1985; 77: 305-319.

. Hedstrom J, Sainio V, Kemppainen E, Puolakkainen P,

Haapiainen R, Kivilaako E, Schauman KO, Stenman UK.
Urine trypsinogen-2 as marker of acute pancreatitis. Clin
Chem 1996; 42: 685-690.

. Murtaugh RJ, Jacobs RM. Serum antiprotease concentrations

in dogs with spontaneous and experimentally induced acute
pancreatitis. Am J Vet Res 1985; 46: 80-83.

. Ruaux CG. Diseases of the exocrine pancreas. In: Handbook

of small animal practice. 5th ed. Missouri: Saunders Elsevier.
2008:406-415.

. Schwert GW, Takenaka Y. A spectrophotometric determination

of trypsin and chymotrypsin. Biochim Biophys Acta 1955; 16:
570-575.

. Simpson KW, Simpson JW, Lake S, Morton DB, Batt RM.

Effect of pancreatectomy on plasma activities of amylase,
isoamylase, lipase and trypsin-like immunoreactivity in dogs.
Res Vet Sci 1991; 51: 78-82.

. Steiner JM, Medinger TL, Williams DA. Purification and

partial characterization of feline trypsin. Comp Biochem
Physiol B Biochem Mol Biol 1997; 116: 87-93.

Steiner JM, Rutz GM, Williams DA. Serum lipase activities
and pancreatic lipase immunoreactivity concentrations in dogs
with exocrine pancreatic insufficiency. Am J Vet Res 2006;
67: 84-87.

Strombeck DR, Farver T, Kaneko JJ. Serum amylase and
lipase activities in the diagnosis of pancreatitis in dogs. Am J
Vet Res 1981; 42: 1996-1970.

Waritani T, Okuno Y, Ashida Y, Hisasue M, Tsuchiya R,
Kobayashi K, Yamada T. Development of a canine trypsin-
like immunoreactivity assay system using monoclonal
antibodies. Vet Immunol Immunopathol 2002; 87: 41-49.
Waritani T, Okuno Y, Ashida Y, Tsuchiya R, Kobayashi K,
Yamada T. Development and characterization of monoclonal
antibodies against canine trypsin. Vet Immunol Immunopathol
2001; 80: 333-338.

Waritani T, Onda M, Okuno Y, Neo S, Furuichi M, Hisasue
M, Tsuchiya R, Yamada T. One-step immunoreactivity assay
for detection of high-level canine serum trypsin-like immuno-
reactivity. J Vet Med Sci 2007; 69: 669-671.

Westermarck E, Batt RM, Vaillant C, Wiberg M. Sequential
study of pancreatic structure and function during development
of pancreatic acinar atrophy in German shepherd dog. Am J
Vet Res 1993; 54: 1088-1094.

Westermarck E, Wiberg M. Exocrine pancreatic insufficiency
in dogs. Vet Clin North Am Small Anim Pract 2003; 33:



A EPAE HNrgy BB P A

T T R

1165-1179.

17. Wiberg ME, Nurmi AK, Westermarck E. Serum trypsin-like

18.

immunoreactivity measurement for the diagnosis of
subclinical exocrine pancreatic insufficiency. J Vet Intern Med
1999; 13: 426-432.

Wiberg ME, Saari SAM, Westermarck E. Exocrine pancreatic
atrophy in German shepherd dogs and rough-coated Collies:
an end result of lymphocytic pancreatitis. Vet Pathol 1999; 36:

20.

323

530-541.

. Williams DA, Batt RM. Diagnosis of canine exocrine

pancreatic insufficiency by the assay of serum frypsin-like
immunoreactivity. J Small Anim Practice 1983; 24: 582-588.
Yun YM, Park 8J, Youn HY, Choi HI. The Studies on the
normal values of pacreatic enzymes in healthy dogs and the
survey pacreatitis in dogs of Seoul and Kyung-gi area. Korean
J Clin Med 1998; 15: 228-233.



