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Chromatographic Fractionation of Protease Inhibitors from Fish Eggs
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A protease inhibitor from fish eggs was fractionated using chromatographic methods. The fractionation efficiency
was evaluated in terms of specific inhibitory activity (SIA, U/mg), purity (fold), total inhibitory activity (TIA, U), and
recovery (%). The protease inhibitor (PI) from egg extracts of skipjack tuna (ST Katsuwonus pelamis), yellowfin tuna
(YT Thunnus albacares) and Alaska pollock (AP Theragra chalcogramma) was fractionated using Sephadex G-50
gel filtration and DEAE-Sepharose CL-6B anion exchange chromatography based on protein size exclusion and net
charge, respectively. Fractions exhibiting strong inhibitory activity were contained in the 30-50 kDa fraction on gel
filtration and in the range of 0.4-0.7 M NaCl gradient fraction on anion exchange chromatography. The respective
TIA and percent recovery of the fraction obtained with gel filtration toward trypsin and Noa-benzoyl-L-arginine-p-
nitroanilide (BAPNA) were 2,758.7 U and 29.6% for ST, 1,005.5 U and 25.6% for YT, and 1,267.5 U and 26.0% for
AP. Gel filtration chromatography was more effective at fractionating PI than using ion exchange chromatography.
These results suggest that fish eggs act as serine protease inhibitors and might be useful for protease inhibition in

foodstuffs.
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S-E|uetol A AAtEl= A, HE, ti, <ol 9 2
2ol dale] Pef = Al Eo] o7} Har gl Folw, 4
A2hE 78 F dAshE 4o ol 7 H o F )l Tro] |
ool oo A9, oA S| 1.5-3.0%%5 AHA|5kH, 4]
SR EEHOR oG A Etal 715 Y ofEE2]
AP R O] GE| AU T H 7= AL Q= A7 oltHHeu et al.,
2006; Intarasirisawat et al., 2011). T2}A] o] 9] AlZ A4 2 &
SAEOZA O] o] 8-S $Igt AFHIEE, ofF Lo JEE
g 9 o] gof wste] o] 4] A HE/(Joe and Jo, 1993) 2
7Fs(Joe, 1991)°] et A, BeHA 9 shelf-life 7ol 3t
I L(Kim, 1996), tht <(Park et al., 1983), ¢lo] 2(Kim et

al., 1988), A7 &(Shimada and Ogura, 1990), 5™ 7] &(Eun
etal., 1994) U ->-0f 2 (Jeong et al., 2000)2] A& K| Tk
A, 7heko] B rketo] 4o A5 dE(Heu etal., 2006) X
tieto] 7 &o] 3)slx A (Intarasirisawat et al., 2011) 53 2]
ohoFal A Al QAT ESE o7 9] protease inhibitor2} 22
Fra/dio] o] gof Betol= 7irkeo] Y(Jung et al., 2003) X
&Jo] ¢(Shina et al., 2002)ZF-E] lectin®] £, AA| W EA o]
231 A2, ol(Oda et al., 1998), 9J0](Tsai et al., 1996), Ao}
(Yamashita and Konagaya, 1991) & g €]j(Ustadi et al., 2005)
& 9] protease inhibitors& #-2] A5t 1 EAJS HESHuf
At 53], 2FA4FA ol A protease inhibitorE &-8-2F tE 2] 21
A2 Anetal. (1996)0] oA A SAF 232 0] M 2], 2
212 74 2 surimi 4F o] 9] 3-8 = Al =5F3AT.
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Surimi A| % A] ARE-8H= A|# food-grade protease inhibitor
o+ egg white powder, whey protein concentrate, beef plas-
ma protein, “12] 1! potato extract 5] 2L (Hamann, et al.,
1990 ; Kang and Lanier, 1999 ; Morrissey et al., 1993), ¢]&
protease inhibitor®] & 7<= surimi A| 25 3t Y7 oo u}f
g} z}o] 7} Qlo] egg white powder2} beef plasma protein®] 5=
2 AR(Kang and Lanier, 1999; Morrissey et al., 1993)%| 1L
AUtk AR FAHAE A= e, 27 =1 5ol =E o
ol A%e 2ok avAtet B4 T AlEEY A =
Ak A1E Aol A -2 == egg white powder 2 beef plasma
protein®] ©]-§-& 7Skl Qlth. o] 23t UHofA & o 7=
9 G- e o] gl Ak A 2 5E] food grade
£-9] protease inhibitor?] 7o AAsH A% o]},

QA9 AFE Fofl 8F2] o] F Lol A protease inhibitor?]
Biz7}b gholElglom(Ji et al, 2011), ol & FEEZRE
protease inhibitor®] TH S5 Hfolof eJgt Halg Fat
o] 23| g 8o tig] AE 3t v Arh(Kim et al,, 2013). 2 o
ol A= 7ichetol Katsuwonus pelamis, $cteto] Thunnus
albacares Y "JEl| Theragra chalcogramma &2 T4} o2 3}
o] 0|59 crude extracts (CE)Z5E T2 o] HA=K(size
exclusion)¥} 314 (net charge) 2] z}o]of] -4 3t gel filtrationZ}
anion exchange chromatographyS §5}¢] protease inhibitor
£ 235l & H F A S Foto] EEavE AEY
O 2N AP A S8 IR mEAolar AR 7254 Th
2 913t AR E A Aok} 5T

Mz W2
M =

Ao ARgEE 3 FFE ofF U2 7hregol(ST, Skipjack
tuna) 2 Shc}eto](YT, Yellowfin tuna) &2 AAPGE 2IA]
27 () S HA ol A B A R 2 P LAL, SRR A AL
-85 (AP, Alaska pollock) &> FARFSIA] ARSI A7)
EF9M (F)oA FANEHE BFokth BoF w2 3 $R7
o] o} & AL WEIL (-70°C)0f Hyksto] il AR
AR&-8H3Tt.

Target proteases, 7|2 %! buffer

o5 & crude extracts (CE)Z-¥| protease inhibitor &+£-2]
£35S A3 sephadex G-50 gel matrix?} DEAE-sepharose
CL-6B anion exchange resin, A&/ HxL 5 AwH7] 9]3t
target protease=+= serine protease?! trypsin®} ]2 47|14
21 BAPNA (Na-benzoyl-L-arginine-p-nitroanilide)> Sigma-
Aldrich Co. (St. Louis, MO, USA)ol|4] “2913}o] A g3}
v, 7 9] Aloke BAFOR Flste] A8tk

a4 A4S 8l ARE-EH0.1 M Tris-HCl buffer (pH 9.0)

A - U - oldA) - Buls

+= Dawson et al. (1986)2] =5 o]l wbet A 81T

2

F ¢ CE Y £38&59] oA 5= Lowry et al. (1951)9]
Ao ke bovine serum albumin 3 T A & Sfo] 42
A=Al oz ie S5k

=
£

ok

Crude extracts (CE)2| Z=X|

o] 2 o crude extracts’= WSAFE] O] A| B2 HES|% 9 upa)
3} }-2, npast o] & ek(100 g)oll tate] 3uH (viw)2) B o] &5
& 27k 7hshan, Bt F, 1417 A 0.2 wRk20°T, 6 A17H

lo] 22319 cH(Kim et al., 2013).
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Target proteases 24 ! X3l

Serine protease?] trypsin 442 7|2 2 BAPNAE A3}
of Jietal. (2011)%] Wio] whet Z7g5}3ict W], BAPNA 7]
A& ARgste] S4T trypsin 2492 47730 ul)9f 0.1%
trypsin 220l 0.6 mM BAPNA7| o] &aj=]o] 9= 0.1 M
Tris-HCl buffer (pH 9.0) 3 mLE &3 2 95407, 1 hr) A|7]
T}, k&9l 0.3 mL 2] 33% acetic acidS 7}5Fo] W2 A %
£ A171 &, 410 nmof| A &33=(U-2900, UV-VIS spectropho-
tometer, Hitachi, Tokyo, Japan)S 435} t}. o|d] <] trypsin
24 (Ulmg) 1451 | mge] B8t vlahi) 7] 5
2w 0.1 digitS 1 Umgo & YeR STt o F & CEY) target
proteaseol] Tt AFt &84 (RIA, relative inhibitory activ-
ity, %) o]/l Al St target protease®] o] & CE 4 &
g5 TA7h a7 B0 L A7 TS ol gtel o
&3 22 oz sl

RIA (%) = (C-A)/ C)x 100

ESE ojuf o7 & CE ¥ £2=9] target protease®] tsh A]
ol &A(SIA, specific inhibitory activity, U/mg)< 1 mg T2l
o] 18 52 ZF v] & 424 (enzymatic activity, U/mg) 1 U/mg
Fa)7) o2 Lrehfolc

0i2

7HFol(ST), Brhdol(YT) % FE(AP) &2] CEZHH
protease inhibitor2] &2 gel filtration chromatography 2
] 2 anion exchange chromatography £-2]%)o]] 2]5}o] 21 A]
St ZF S W fraction®] A3l EA]2 target protease
Q! trypsinof thaj BAPNA 7|85 AHg-sto] SAFo =i 11
A= A5k

A, Tl BAeEe] Zfolof whE o} & CES| #3825
mL®] CEE 0.1 M NaClZ& 35t 10 mM sodium phos-
phate buffer (pH 7.0)= H &3} A]7] Sephadex G-50 column

N

e
=

& CEZEH protease inhibitore| £
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(i.d. 1.6 x 95 cm)o]] F=8}aL, AT 54540 mL/hr) o2, &
Z(3 mL/tube) A7, ©]& 93] WH2 A A5} ). Chromato-
gram A4+9] Tl A 45 1= 222 280 nmol| A 9] T3 2 YHERY]
2em, BAPNA 7|85 AR5 trypsino]] thet A1 S22 (%)
< Hel fraction& 23t th, o] & 5 W FA 5] T A|f
24 9 IS So ReaaS Al

SHH, o] 275 ztoof oJgk o &F CES] 82 10 mM
sodium phosphate buffer (pH 7.0)Z ] 2] 3 & 3} A|7] DEAE-
sepharose CL-6B (Anion, Sigma-Aldrich Co., USA)Z &4
&k column (i.d. 2.6 x 20 em)©l| CE (40-55 mL)Z 15}, 10
mM sodium phosphate buffer (pH 7.0)2 8- A]7|HA] Tl
A& FAAZIH thE2 2 0-1.0 M NaCl 892 9H5k= 10
mM sodium phosphate buffer (pH 7.0)5 AME-5}0] 5 =+14]
WO 2 8-2(30 mL/hr, 3 mL/tube) 3}%t}. Chromatogram 4}
of hil 3 2742 280 nmol 2] FRER Ut
BAPNA 7|88 AH8-3te] trypsine] that A/5hEH4(%)& el
& 0I5 5% W £4s10] & AsjEA 2
&S o Y aEeS A

Native—PAGE ®7|gZ

fractions 2213t

0]= &+ CE 2 Z} fractions @] 23 a7} AA LS ¢J5}¢] native-
polyacrylamide gel electrophoresis (PAGE) Alw+ 2 53]
A& 0.4 mLef 0.1 mLe] sample buffer (62.5 mM Tris-HCI,
pH 6.8)5 =3ste] 71958 Ala= AHESI3Ict. Walker
(2002)2] BFs ol wk2f, 10% Mini-PROTEAN® TGX ™ Precast
gel (Bio-Rad Lab. Inc., USA)2 Mini-PROTEAN Tetra cell
(Bio-Rad Lab. Inc., USA)of| A28t gF o2, AAJ=H(5-10 uL)
o] N 2= 2915}, gel (10 well)% 10 mAS] AFa 217]9
52 AT A7) 50| A= EH gel-> coomassie brilliant
blue R-250 £ 0 &2 JM3t & acetic acid, methanol I o]
242 (1:2:7, viviv) 3-89 0 & 2hAIs Tt

A H
ﬁ_—'TT'__

Job

ARE 58S §3t 7|2 AP o= A, b9 AFH(Kim et
al., 2013)0l|A] 9-=¢t 28 a3+5 22l 40-80% 3} ammo-
nium sulfate -2 9] fractions2 )42 2 Sephadex G-50 col-
umn (i.d. 1.6 x 95 cm)& ©]-8-510] gel filtration= A A 814, &
Aollgd 9 383 ol A2 a8S g5kt

Znt Y o
Gel filtration chromatography2 &2t fraction
o| XMaligtd H|w

o] 9] protease inhibitors ALA 08 B35 B o
7hctgol, Srheo] 9l W) & CERFH BAjeke] 7)o up2
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Fig. 1. Chromatogram of crude extracts of skipjack tuna (ST Kat-
suwonus pelamis), yellowfin tuna (YT Thunnus albacares) and
Alaska pollock (AP Theragra chalcogramma) eggs by the sepha-
dex G-50 column (i.d 1.6 x 95 cm) gel filtration chromatography.
Flow rate and fraction volume were 30 mL/hr and 3 mL/tube, re-
spectively.

2]-& Sephadex G-50 column (i.d. 1.6 x 95 cm)S ARE-51q
2%t chromatogram Fig. 13} 2t} 359] o} 7 ¢ CE &
I+ fraction No. 22-36 (A= 30-50 kDa H 9]l A] trypsin #]
fIZAdS UEY = fractiono] -8-2%| %It} Chromatogram 4
9] trypsin A Z/J(RIA, %) 7FeHol(ST)7H oF 20-40%2
AR HiEE Hom, Frhdol(YT)= oF 15-25%, 1e]
L T (AP)S] -, 15-30%2] A s/ 25 e itk
7ieheod, sotetol W WeE] o CEZ5H gel filtration chro-
matography & 93] AAJ5}o] £3] 523} fraction?] trypsin®]|
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Table 1. Trypsin inhibitory activities of fractions obtained from
crude extracts of skipjack tuna K. pelamis, yellowfin tuna T. alba-
cares and Alaska pollock T. chalcogramma eggs by the gel filtra-
tion chromatography toward BAPNA as a substrate

Total

Fraction' volume Protein SIA  TIA? Recovery® Purity*
(mL) (mg/mL) (U/mg) (V) (%) (fold)

Skipjack tuna
CE 45.0 7.2 28.4 9201.6 100.0 1.0
ST-G 5.8 44 108.1 2758.7  29.6 3.8

Yellowfin tuna
CE 45.0 53 16.5 3935.3 100.0 1.0
YT-G 3.5 28 102.6 10055 25.6 6.1

Alaska pollack
CE 45.0 9.2 11.8 4885.2 100.0 1.0
AP-G 7.6 1.7 98.1 1267.5 26.0 8.3

'CE, Crude extract; ST-G, YT-G and AP-G, 30-50 kDa fractions
obtained from gel filtration.

2 TIA (U)=Total volume (mL)xProtein (mg/mL) x SIA (U/mg)

3 Recovery (%)=(TIA of each fraction/TIA of CE) x 100

4 Purity (fold)=SIA of each fraction/SIA of CE

3t total inhibitory activity (TIA, U), specific inhibitory ac-
tivity (SIA, U/mg), A% (fold)2} 3]2=8(%)2 Table 17} 2
t}. o] fraction®] trypsin (BAPNA 7] )] that SIA (U/mg)
1l TIA Uy 7chetol(ST-G)7F 242 108.1 U/mg 2 2758.7
U=A] CE (247} 28.4 Ulmg 2 9,201.6 U)o]] H]3ko] 3,88 2] 4
A=k 29.6%9] 3l Yeho] 7 w3, tee e 1
€7} 2+2+98.1 U/mg ¥ 1,267.5 UZ A CE (Z+2 11.8 U/mg Y
4,8852 U)ol v]3) 8.3612] BA%7t 274590, oluje] 3
52 26.0%°] 3t Frgol(YT-G)9| 49+ 102.6 U/mg
9 1,005.5 UZ A CE (212} 16.5 U/mg 9 3,935.3 U)¢] H|5}od
A== 6. 1812 F71sH3AL, ofuf o] Bla-8-2 25.6%0] STt

oA} A2 m)Fo] H ol Sephadex G-50 gel filtration chro-
matographyS ©|-8-3F 3%2] o]F o2 CEZ*-H protease in-
hibitor®] 22} 25-30% 9] 3] Ko 3lp& egiet
, 225k 3l o] ol A o & BekE|u, AAE S ol A
+ £35]7 3.8-83u9] HAI=E UEhd =M i om &
£7} 38 S-S AT} T, B oA 583 4
o] & 4= 9022} Tt i,

Gel filtration chromatography =¢/%H-2 8-off 2 thaizl
of Alef 27]of k2 welol b BEET} W B A 2] u
E ATl S, AEA 7 7R A, Aol
7go] o] Foi 27| ulizol| vlaLZ] Tl o] WA 7hg/do] WL,
2o ARE= A9 5=(0.6% nRh7 R4 B
(0.9% W <)) Hrf wop d o] EAMAS A Har} githks
5 2 Aol 9o, gel filtration matrix7} 127191 4,
255348 20]7] 913 7M1 7] columnS AFg-5tofof skt
= A, 18] Aol Atk 4, A2ollA o] Tl e 24

A - U - oldA) - Buls

O

afal7] Slal ALolA] Aastolof sk 4, 49 ukeh frac-
tion®] %ol Wagh A F3 2 WA= gck. o] et &
WOl B BAje 27]0] W2 BINPES RN ol
27k et A, B2 3 o) (P @ 5%t st
S Hol A S 8o Helel wutdoleta & 4 9)
Ouf, el S Slat ARist 3 o] o] BRT A0 A

3
rlo
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Fig. 2. Chromatogram of crude extracts of skipjack tuna (ST, K.
pelamis), yellowfin tuna (YT, T. albacares) and Alaska pollock
(AP T. chalcogramma) eggs by the DEAE-sepharose CL-6B col-
umn (i.d. 2.6 x 20 cm) anion exchange chromatography. Flow rate
and fraction volume were 40 mL/hr and 3 mL/tube, respectively,
eluted with in the range of 0-1M NaCl gradient.
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Z} =] th(Preneta, 1989; Heu and Ahn, 1999; Kim et al., 2008).

Anion exchange chromatography2 £2!5t fraction
9| Malied

o]% 29| protease inhibitors A-&% 0 HIE Zzo
2 shciegol, Srkerel W el oF CE (45-55 mL)S DEAE-
Sepharose CL-6B anion exchange 4>A]5 %213} column (i.d.
2.6 x 20 cm)oll FAHAIX Th, HISA} fraction} F2F THH 2
2 NaCl &N 23} o)L 7= 7 H3I35} fraction®] anion
exchange chromatogram-= Fig. 29} Zt}. 7Ithedo(ST-) &=
NaCl 5% 0.4-0.5 M H 9](fraction No. 116-128)0]| 4], Sttt
O(YT-I)= NaCl 5 0.55-0.7 M ¥ <](fraction No. 106-118)
of| 4], HEJ(AP-I):= NaCl %= 0.6-0.7 M ¥ <¢|(fraction No.
108-122)°fl A trypsine]l tht Asi2Hd-& e+ fraction©]
L=t Chromatogram 4] trypsin A 3124 (RIA, %)
Ftcierol s} ok 30-70%¢) Asfery BEE 1gon, Frieol
= 2F 10-20%, 12|11 e o] -, 5-10%2] Asied w25
TR

o] £AE Foto] 359 ofF & CERHE £33t
fraction5] trypsin (BAPNA 7| 2)o] ti g #5243} 5)4-8
< &7t A3}+= Table 22} 2t} Fraction=9] SIA (U/mg) 4
TIA (Uyt= 7}etetol(STD)7} 22 96.2 Ulmg @ 1,046.7 U
7V =gk, The-0 2 Shhetol(YTL, 47.9 U/mg & 827.7 U)
2 W) (AP-L, 86.0 Ulmg 2 712.1 U)o} Zo0]git}. 1L}, o]
F ¢ CEZ5E E25 fraction®] AA = (fold)2} 3]48(%)
2 SIA 9 TIASH: Pe] 7fotol(STNe] 49 212 3.49) o

Table 2. Trypsin inhibitory activities of fractions obtained from
crude extracts of skipjack tuna K. pelamis, yellowfin tuna T. al-
bacares and Alaska pollock T. chalcogramma eggs by the anion
exchange chromatography toward BAPNA as a substrate

_ Total pein SIA TIA?  Recovery? Purity?
Fraction' V‘(’r':]‘f;e mgml) Uma) (U) Ch) " (fold)
Skipjack tuna

CE 550 72 284 112464 1000 1.0
ST1 68 16 92 10467 93 34
Yellowfin tuna

CE 400 53 165 34980 1000 1.0
YTl 64 27 479 8277 237 29

Alaska pollack
CE 40.0 9.2 11.8 43424 100.0 1.0
AP-| 6.9 1.2 86.0 71208 164 7.3
ICE, Crude extract ; ST-I, YT-I and AP-I, 0.4-0.7 M NaCl gradient
range fractions obtained from ion exchange chromatography.
2 TIA (U)=Total volume (mL)xProtein (mg/mL) x SIA (U/mg)
3 Recovery (%)=(TIA of each fraction/TIA of CE) x 100
* Purity (fold)=SIA of each fraction/SIA of CE

9.3%2 71 Wokal, th2-o 2 HE|(AP-I, 7.34] 2 16.4%) H
Sropato] (YT 2.99] € 23.7%)2] &0 2 =3ttt

o]A}e] At n|F o] Ko} DEAE-Sepharose CL-6B anion
exchange resin=- ©]-8-3} 0] 2 w3} I 2ulE T gjju]of o) 35
9] o] F & CEZK-H protease inhibitors #2]3}114} 3= 72
%, NaCl 5% 0.4-0.7 M ol A fraction& £-2]5h= Zl0] 2]
dste]e HetE Slch

Ton exchange chromatography 8 ¥-2 acetone®| L} ammo-
nium sulfate 211} Zro] CEZHE| A8-%]+&= ion exchange
matrix ] ol Bl#|sto] 13]o] kA2 7} 7hs3t &, e
o] st4 Zpojof wp FEolEz B AT} Hojuth= A,
] 2] Az A 2] 7) 7hs stk 3, AR&-S) ion exchange
matrix+= regenerationy} -2 7| %] HHEARR-0] 7153t 7, Bl
2 chal g o] ®iA 7Hs/dol A A st 22 Aol Qi 8t
ZJqE, ion exchange chromatography +2%H-2- ion exchange
matrix7} 1271Q1 3, shrlof o3t ReiiHolun g 235 9|5t
o] 2}7] o] 2 =5 D shH Al ARg-Slofof Sk A, Aol Al
o] chull 2l WA 2| A3ksl7] 98l Aol AdYsteiof h=
A, 13] A2 & AAF-Z $l3l ion exchange matrix 2] regen-
eration?}7g-2 A A of 5= 4, 18] & o] 27 = 9] Afo] = ¢l
ARE-RE o] Zt fractiono]] 9 EA St = HY Ao Ha
4, 790l wre fraction®] 527140l Was 3 2o
ol SAtt. whekA, ion exchange matrix ©]-8-9h 24
S]&A](batch A) 2.2 28] 0] 7, Af-2oll A HlaLA] AT
o] 71551, S Aolol fgt B2 Wt Belmay
S 4 Tol AL 2Y 2 w5 fIRE ®ieto] RE=A] mp

F]ofof gttH(Roe, 1989).

Native—PAGEO]| 2ot &gt HE

flo b rot

=

L

o157 & CE, gel (ST-G ¥ YT-G) ¥ anion exchange chroma-
tography (ST-I & YT-I)of| 2]t fractions2] native-PAGE #17|
95 A= Fig 33+ gt WA 7ieredo] (K. pelamis)e] CE
(lane 1)0]l+= gel Aeto]| cationic protein band 2} Z-7+o] F&2of|
protein band”} 2215} 2™, ST-G (lane 2)2} ST-I (lane 3)2]
9= gel ATHE] cationic protein band7} £A)|5k= HHH, CE
of H|5}o] gel F7t F-H22] band= 74g A4S Hch st
&oI(T. albacares)®] 73-9-= 7}ehgolef H]s=gt Z3Fo|glom,
E3] gho] w2 gel S7HRES] protein bandof $1o] tha X}

o] Ufehd B Al o 7 Hajulio] w2 H7) 95k 2}
ol= FEHAIA okt
22| S My fraction?l Hlw

359 o]F & CEZHH gel filtration ¥ anion exchange
chromatographyS- 53l ¥2/3t protease inhibitor fractions
9] total inhibitory activity (TIA, U) 2 3]5=8(%) 52 AS
H] (RS $J5ke] ARESE CEY] total volumeS 100 mLZ
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Fig. 3. Native-PAGE of protease inhibitor positive fractions from
the crude extracts of skipjack tuna K. pelamis, yellowfin tuna T.
albacares. Lane 1, CE; lane 2, ST-G and YT-G; lane 3, ST-I and
YT-I, respectively.
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Table 3. Comparison of trypsin inhibitory activities of fractions
obtained from crude extracts of skipjack tuna K. pelamis, yellow-
fin tuna T. albacares and Alaska pollock T. chalcogramma eggs by
different chromatographic methods toward BAPNA as a substrate

Fraction' V;Et:qle Protein  SIA  TIA? Recovery® Purity*
(mL) (mg/mL) (U/mg) (V) (%) (fold)
Skipjack tuna

CE 100.0 7.2 28.4 20592.0 100.0 1.0

ST-G 12.8 44 108.1 6088.2 29.6 3.8

ST- 12.4 1.6 96.2 1908.6 9.3 3.4
Yellowfin tuna

CE 100.0 5.3 16.5

YT-G 7.8 28 102.6

YT-I 16.0 2.7 47.9
Alaska pollack

CE 100.0 9.2 11.8 10856.0 100.0 1.0

AP-G 16.9 1.7 98.1 28184 26.0 8.3

AP-| 17.3 1.2 86.0 17854 16.4 7.3
Refer to the footnotes in Table 1 and 2.

8745.7 100.0 1.0
22408 256 6.1
2069.3 237 29
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Fig. 4. Sephadex G-50 column (i.d 1.6 x 95 cm) gel chromatogram
of ammonium sulfate 40-80% saturated fractions from crude ex-
tracts of skipjack tuna (ST K. pelamis), yellowfin tuna (YT T. alba-
cares) and Alaska pollock (AP T. chalcogramma) eggs. Flow rate
and fraction volume were 30 mL/hr and 3 mL/tube, respectively.

Table 4. Trypsin inhibitory activities of fractions obtained from
crude extracts of skipjack tuna K. pelamis, yellowfin tuna 7. al-
bacares and Alaska pollock T. chalcogramma eggs by serial frac-
tionation with salting-out and gel filtration for industrial utilization
toward BAPNA as a substrate

Fraction' VII?Jtr?:e Protein  SIA  TIA?2 Recovery® Purity*
(mL) (mg/mL) (U/mg)  (U) (%) (fold)
Skipjack tuna

CE 168.1 7.1 284 33895.7 100.0 1.0
40~80% 1.5 11.4 703 9216.3 272 25
ST-AG 41 13.5 60.3 3337.6 9.8 21

Yellowfin tuna
CE 1711 53 16.5 14962.7 100.0 1.0
40~80% 9.8 16.0 36.9 5785.9 38.7 22
YT-AG 2.2 141 425 13184 8.8 2.6
Alaska pollock
CE 164.4 9.1 11.8 17653.3 100.0 1.0
40~80% 18.5 6.5 491 5904.3 334 42
AP-AG 3.6 54 451 876.7 5.0 3.8
' CE, Crude extract; 40-80%, ammonium sulfate saturated frac-
tions; AG, 30-50 kDa fractions obtained from gel filtration after
ammonium sulfate fractionation.
2 TIA (U)=Total volume (mL)xProtein (mg/mL) x SIA (U/mg)
3 Recovery (%)=(TIA of each fraction/TIA of CE) x 100
* Purity (fold)=SIA of each fraction/SIA of CE

A& Aol SEAI7IHA T HAS 2| adleh= ThAzt
lﬂoﬂ A2 7]~—?'} 28] o] 8 tE T ofof oo ARE
Sol=HoRA gfo R 9] ¢15Lo)| A= ultrafiltration system

i

& 50 28 292 A et
AL AL

o] =12 2010d % AR
A LA The] x| Y-S ol =3

Tt} 45)] U0 &5t
A1 (NRF-2010-0009921).
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