Bull. Korean Fish. Soc. 23(1), 12~24, 1990 BKEE, 1), 12~24, 1990

ek
IL?L’
Ho
2
=
_0L|l
[=)
rn
1o
o
N
PN
)
M
m
~
g
o)
0
EI .
Ho
>
FO"
B>
2

B L ERRE DL
wzol Ao TRl st 4 E et

Comparative Studies on the Enzymatic Properties of
two Trypsin-like Enzymes from Menhaden,
Brevoortia tyranus

Jae-Hyeung PYEUN, Hyeung-Rak KiM**and J. S. GODBER™

Department of Nutrition and Food Science,
National Fisheries University of Pusan,
Pusan, 608~737 Korea
**Department of Food Sctence, Louisiana State University,
Baton Rouge, La. 70803, U. S. A.

Two trypsin-like enzymes, designated trypsin A and B, purified from the intestine of
menhaden by (NH4)S0, fractionation, Benzamidine-Sepharose 6B affinity chromatography,
DEAE-Sephacel ion exchange chromatography and Sephadex G-75 gel filtration chromatog-
raphy. The two trypsins were subjected to compare the enzymatic properties of the tryp-
sin-like enzymes from the other dark fleshed fishes. Both trypsins catalysed the hydrolysis
of Na-benzoyl-DL-arginine-p-nitroanilide and they were remarkably inhibited by several
well known trypsin-inhibitors, tosyllysyl chloromethyl ketone, soybean trypsin inhibitor, be-
nzamidine, leupeptin and antipain, etc. Therefore, it was ascertained that the two enzymes
are serine-type trypsins. The molecular weights of these enzymes were about 25,000 and
26,200, respectively, as determined by SDS-PAG electrophoresis and by Sephadex G-100
gel filtration, and the molecular weights of these two enzymes are somewhat fewer than
those from the other dark fleshed fishes.

Both enzymes had less basic amino acids such as arginine and lysine, whereas they had
slightly high contents of neutral amino acids, glycine, alanine and tryptophane.

The enzymes showed a pH optimum of 8~11 at 60C against the Na-benzoyl-DL-argi-
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nine-p-nitroanilide substrate and they were quite unstable above 40T and under the acidic

pH region.

The Km constant of the two enzymes against the Na-benzoyl-DL-arginine-p-nitroanilide
was 1.4X107*M for trypsin A and 4.3X107°M for trypsin B, respectively.
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and Neurath, 1972 5 Vitayathil et al, 1961 5 Zwilling
et al, 1969 ; Overnell, 1973 ; Muramatsu and Mo-
rita, 1981 7 Osnes and Mohr, 1985).
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0.IM NaHCO:% 0.IM Tris-HCI®] 4¢% 94, pH 9,
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&9 ¥ pH 11, 129 9= 0.05M Na,HPO,9}
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4 & Fo) 10mM sodium phosphate buffer, pH 6.75
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BAe] Y EE Fig 13 2o, uepr] 2z £
28 FE2S trypsin A, 28 A £38 YRS
trypsin B2 B3Il

Trypsin A9} BE t}A] Sephadex G-75 ZHIE
nfEnelug Aoz § A, Fig 20 Vel vl
9 o] 4zt dg I - disc-F7HERLE
L gy W=E Bo AHAs 53 38 A
L #gg F AU

- P A

o2 - 2]

Z gAg s FAEE BA(Table 1), Benzami-
dine-Sepharose 6B Z#H & 72 DAl A= trypsin
AS} B9 ¥¥o] HA 22 JHEA X} 2L
FEES A2 d2Asd o 959 AATE

TEW

Hgon t}& 99 DEAE-Sephacelo] 2k

Eu g2 288 A3 = trypsin AS BE £

gH03, A= 242t 1249 63902 = At o]
& t}A] Sephadex G-75ZHoz ZASzg A,

Table 1. Purification of Trypsins A and B of Menhaden
. Volume  Protein Total Specific Yield Purification
Fraction (mé) (mg) activity (U) activity(U/mg) (%) (fold)
Defatted extract 474 758 212 0.28 100 1.0
(NH,)2S04 86 256 169 0.66 80 24
Benzamidine-
Sepharose 6B 28 57 152 2.67 72 9.5
DEAE-Sephacel
A 16 15 52 347 24 124
B 12 21 37 1.77 17 6.3
Sephadex G-75
A 7 11 48 440 23 15.7
B 3 18 34 191 16 6.8
- A K—B-ﬂ 0.8
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Fig. 1.

Chromatography on DEAE-Sephacel of the proteolytic fraction obtained from the Benzamidine-Sepharose

6B affinity chromatography of the defatted extract of menhaden intestine. The two trypsin-like enzymes
were aluted with a gradient of 0~0.4M NaCl in 20mM Tris-HC), pH 7.2, at a flow rate of 0.4n¢ /min.
Fractions were tested for amidase activity by using BA-p-NA substrate and pooled the BA-p-NA hydroly-

sing fractions. Fraction voloume, 13.6mé.
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Trypsin A¢} trypsinBe] ¥x#& Sephadex G-
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. /psin-fAFRE 2] B

1002dazrteaetgd o8 Adapgos B4
T A3, trypsin AE 25,000, trypsin BE 26,2000
2.7 (Fig. 3), SDS-polyacrylamide 2 A 7| 459 o
Ex EHxz AFE Ao 8% o trypsin A%}
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B
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Fig. 2. Chromatography on Sephadex G-75 gel filtration(column size, £2.0cmX80cm) of the proteolytic fraction

obtained from the DEAE-Sephacel chromatography of menhaden trypsin-like enzyme. The protein was app-
lied in 20mM Tris-HCI buffer, pH 7.2. The flow rate was 0.29m¢,/min and 4.8m¢ fractions were collected.

In the chromatography 14mg Enzyme A and 19mg Enzyme B, respectively, were applied to the column.

(A), Enzyme A; (B), Enzyme B.

Electrophoretograms of trypsin A and B were shown on the right side of the chromatograms A and B,

respectively.
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Fig. 3. Estimation of molecular weight of the menha-
den trypsins by Sephadex G-100 gel filtration.
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S
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FA7129 BApNAEA WAL 23 HAEF
A, trypsin AS 60C oA, ZL8] 1 trypsin BE 55

TN Augdez Hg B B4 BT
=, §4, o]F &4 weHA pHRUS B3

7] #1384 pH 6, 7, 8 W3t = 0.1 M NaHCO;2
0.1 M Tris-HCI®} Z} €%, pH 9, 109 st =
0.1 M KCi¥% H:BO;2 0.1 M NaOH &4 ¢+,
a3 pH 11, 12¢] Wit E 0.05 M Na,HPO.%t
0.1 M NaOH ¥ 0.1 M KCI®} 0.1 M NaOH¢| Z
EALENF] BAp-NAZIAS L34 w3
o thEte] 25C oA HEgAFIEA MAHEQ nit-
roanilide®] A A FS FH 3 FEdL 7+ 2
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Table 2. Comparison of amino acid compositions of
menhaden trypsins A and B with the other
trypsins from the dark fleshed fishes cited
from literature

(Residues/Molecule)
A;’C‘iié“’ MAenhad;n A:chovy‘”l Sardine®
Asp 25 29 28 29 31
Glu 17 21 27 28 31
Ser 31 28 30 29 16
Gly 47 53 33 34 27
His 4 3 6 6 3
Arg 5 3 10 10 6
Thr 13 15 10 10 19
Ala 22 23 16 17 15
Pro 11 12 11 12 10
Tyr 5 9 6 8 13
Val 19 23 18 18 18
Met 6 5 5 6 1
1 Cys 10 8 10 10 8
lleu 10 10 10 11 11
Leu 14 14 16 18 10
Phe 4 4 5 4 4
Lys 3 4 5 6 17
Trp 8 8 - - 4

*1 Martinez et al.(1988)
*2 Yoshinaka et al.(1983

Al

o
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3}, trypsin AE pH 80914 7H¢ & &
@3, trypsin BE pH 100914 713 & &4
Boloh 3, trypsin AE pH 8.0~1107 A <}
.90% 0149 AUEAE, 183 trypsin B2 EE
pH 8.0~105%tell A °F90% oldel w& AdE
AL B F EAV 25 2 LIt AEA A
wgo] gude & F AAH(Fig 5).

gl kgL o} pHE g o] A
o] B30y, o]E F EA9 BAp-NA7IZd it
we HHZAL trypsin A7} 60T, pH 80, 1 L,
trypsin B 55C, pH 10.09tH
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5 4%

42| Km M

AAE F fmio ddtA trypsing
7129 BA-p-NAE WA &HF 714
¥ & AAE Lineweaver-Burkd] Wi o
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Temperature, T

Fig. 4. Effect of temperature on the amidase activity of
trypsins A(—®—) and B(—X-). Enzymes
were incubated in 20mM Tris-HCl buffer, pH
8.2, at the indicated temperatures for reaction

times.
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Fig. 6. Lineweaver-Burk plot of BA-p-NA hydrolysis by
the menhaden trypsin A. The reaction mixture
contains various concentrations of the substrate
and 3.0p8 /¢ of trypsins in 20mM Tris-HCI
buffer, pH 8.2.
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Fig. 5. Effect of pH on the amidase activity of trypsins
A(— @ —) and B(—X—). The activity was de-
termined at 25C.
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Fig. 7. Lineweaver-Burk plot of BA-p-NA hydrolysis by

menhaden trypsin B. The reaction condition is
as indicated in the legend to previous Fig. ©.
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Fig. 8. pH stability of the menhaden trypsin A. The
enzymes were preincubated at 20C and in 0.2
M Glycine-HCl, pH 3.0, 0.2M Tris-HCl, pH 7.2,
and 0.2M Glycine-NaOH, pH 9.0, buffers by

dialysing time intervals.
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Fig. 9. pH stability of the menhaden trypsin B. The
preincubation condition is as indicated in the
legend to previous Fig. 8.
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Fig. 10. Thermostability of the menhaden trypsin A(—

® —) and B(—X—). Enzymes(protein conce-
ntration, 40pg /m¢) were maintained at the
various temperature for 60min before assay-

ing.
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Trypsin ASt B¢ BAp-NA 7130 u]x& 271
Ae A Aol ko] #3le ¥ AFAE Table
3% e, serinel Ao tidte] BAFA4l
7t A AsfAzA g = DFPY T=¥
AR xo} thdtede Fig. 119, &, trypsinol] i3t
A A FAAHNA Q] TLCKS T8 A=
W3t Fig 129 242 YRt

HA trypsindl g Fold AHAQA TLCK
SBTI, antipain o &3t A= Z7] Table 3¢ A
AE Fx olddiAe A FAANE BIen,
trypsin®ll & A A A3 A benzamidined] 1.25
mMY ™ < trypsin AY 86%, trypsin B 57% 7
%7}, 212]1 PMSF 50mMY™E trypsin AE 16
%, trypsin B 44%7} Zt7] A S wro}, upehA
trypsin A9} Bell djgh o]& A3l wr-gdol H
Fo] F 54he @AFHY T2 A7t U
A A3 e

E ol F FHak 59 W chelateA
EDTA 0.50 mM¢ll t)& < trypsin Ax 86%, trypsin

Table 3. Effect of inhibitors on the amidase activity of
Trypsins A and B of Menhaden*

Relative activity, %

frfnbltor Concentration Trypsin & Trypsin B
Control 100 100
TLCK 2.50uM 0 0
TPCK 1.25uM 100 100
SBTI 0.1549 /mé 0 0
Benzamidine  1.25uM 14 43
PMSF 5.00uM 8 56
EDTA 0.50pM 14 0
Leupeptin 21549 /mé 0 0
Antipain 8.50ug /mé 0 0

* Enzymes(39u9 /M) were mixed with equal volume of
inhibitor solutions with the concentrations shown in this
table and preinéubated at 30C for 15min before assay-
ing.
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Fig. 11. Effect of DFP on the activity toward BA-p-NA
of the menhaden trypsing A(—®—) and B
(=X-). Enzyme(3049 /) was mixed
with equal volume of inhibitor solutions with
the concentrations shown, and assayed after
preincubation at 30T for 15min.
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Fig. 12. Effect of TLCK on the activity toward BA-p-
NA of the menhaden trypsin A(—® —) and
B(—X~-). The preincubation condition is as
indicated in the legend to previous Fig.



&
ofh
oy
off

529 F7hst v FAAer A Helth
7b 101 s e FA ARt AT Fof
10mMe Fxold= A 100% 9 As&S BH
o

Trypsin® E4FAH 9 histidined 719 €32
gt oste] A E Hole TLCKY ¥=E A
A HAEF AR(Fig 12), 3 M7ARE A9 2
ARez FAF® ANE BAF o]F Aw3A
A7t T2 &) ALH Fol FE 25M ]
FAAE A9 100%9 SH% AHE AATh

gL}

a &

A=

HEO|E A7INA 495 EAE ko] Al A
d) ©o]o], Benzamidine-Sepharose 6B 34 A=n}
EadyE 43 An, 259 trypsin(A Y4 try
psin A%} B2 A S &4 BAE F At 1

fiiv AF AAGA Y Sephadex G-75 ZHA
gnigagdag AL £80] A9 #AF
Z&of th3to] trypsin A7} 23%, trypsin BE 16%
gdeh 1383, 2 5EAT AAE) trypsin A 440
u/mg, 15740, 28] 3 trypsin B 1.91 u/mg, 6.84] =
d, ojZ2 IL{¥YHR AAEE Martinez T
(1988)°ll 28t wE A HX (Engraulis encrasi-
cholus) Q) FEF9 A7 A HAAF trypsin A%
BY 1§87 A=t 42t 25 u/mgT 4.7 u/ng
2 12549} 2358 Ak UlEo ¥EE nfEA
o glojAE trypsin Ae HS[0]E0] HXET tr-
ypsin BE @7} HS0|ELET} of 24 A= £
S o F Uddx, AL JAME trypsin AE

= T AU,

glsfjo|Eo] "A ol ¥}, trypsin BE EX[7F H
sio|Ed Hlgte] XN =4S ¢ & AAh

283 AAE F 249 E£XFE trypsin A7}
°F 25000, trypsin B ¥ 26200224 ojn] o|F
9] trypsin®ll #ste] B o) (Mallotus rillosus)
ol % trypsin 9 28,000(Hjelmeland and Raa,
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