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Immuno-potentiating Activities of Enzymatic Hydrolysate of Japanese
Mud Shrimp Upogebia major

Ji-Hyun Lee, Ji-Eun Yang, Jae-Hee Song!, Sang-Hyun Maeng, So-Yeon Kim and Na-Young Yoon*

Food Safety and Processing Research Division, National Institute of Fisheries Science, Busan 46083, Korea
'Tidal Flat Research Center, National Institute of Fisheries Science, Gunsan 54014, Korea

This study investigated the immuno-potentiating activities of Japanese mud shrimp Upogebia major. We examined
the effects of enzymatic hydrolysate from U. major on the production of nitric oxide (NO) and prostaglandin E,
(PGE,) and on the expression of pro-inflammation cytokines including TNF-a, IL-6 and IL-1pB in RAW 264.7 cells.
The treatment of six enzymatic hydrolysates of U. major (alcalase, a-chymotrypsin [a-Chy], trypsin, pepsin, neu-
trase, protamex) significantly increased the production of NO in RAW 264.7 cells, with a-Chy having the greatest
effect. This hydrolysate was fractionated by two ultrafiltration membranes at 3 and 10 kDa to created three fractions
(below 3 kDa, between 3 and 10 kDa, and above 10 kDa). Of these, the <3 kDa and >10 kDa fractions showed signifi-
cant increases in NO production. These two fractions also induced PGE, production in RAW 264.7 cells and showed
significant increases in the expression of all cytokines studied. These results suggest that enzymatic hydrolysate from
U. major is a potentially useful food material with immune-potentiating effects.

Key words: Upogebia major, Enzymatic hydrolysate, RAW 264.7 cells, Nitric Oxide, Cytokine

M E =of 9J3) = H(Coleman, 2001; Sharma et al., 2007).
% A NO= 7+ e, Al g 1Ak AL Q1A 24,
o2 A WollA] 5 dApo] tiste] Hrojshs Ao = G kg 24, WET o, cytokine A/, Al EZAFE Fofl

—rﬂ oA HYE HEohs A= 9 A HHeER o] gkt (Korhonen et al., 2005).
E] AARES B57] §18h A3 sk A2} BAFER 9] ﬁ(Upogebla major)— 7HA2F vl segt 9% 713 oS 2
FolAH, Ad Hoyt Ag Hgor FEETHDelves and 2 o) S uhA] W Hof|l A A4St Y, F,
Roitt, 2000). A% H-2 M@, A A, B4, cytokine AIOM S-eluket Asfietat defigloll Fazstal glom 480
o8 FAE o] glom, %I:—L— QPBE] LR o] FofA| = A5 & o]-8=]aL QIth(Hong, 2013). A%, Al 59 A= 71&
WA Ho} 9EL o|zfof A4} WES-SHch(Parkin and Cohen, H-o|E, 7€, 7| EAF Wut opu g} thoksl A e EA BRI E o]

2001). thAJA| 2= %_@1741011*1 Q3 A Q4= QF Q1AL 3ho o] 9 Ao R W T al QA& o e U &

of| §k-g-5F0f thakgt eytokine 5 W51l 418 H ol of kol gt A aAfjof Tt o= o7 o] o] 2] 7] ¢F3FTH(Galasso et al.,
tH(Plowden et al., 2004). 2017; Xia et al., 2011).

Nitric oxide (NO)= E¥A oA = Eautel &4 9 T84 & AFoM s & aarieisies ol8sto] tiaAlERad

94 A2, ZA Tl M= diAb 24 5 oheket et 7 RAW 264.7 A| 3ol A A== NOS} cytokine A 2-S 24]
5 5t @5 WhSol A BAHQl AT S AT ATHE o] & AR We 24 Gk 9 HASH A4
A2 tfAAE, e, THEZA 5 Hof I g A= 9] 71sAL holst A} 519
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M=

Z(U. majory 2016W 3o Fd Hy oA A
Aokl £ AN T AAE FAAET T R
o, -20°CollA] Hatslo] ARESFSIT) Alcalase® 2.4L (Alc),
a~chymotrypsin (a-Chy), trypsin (Try), pepsin (Pep), serine,
o-phthaldialdehyde (OPA), disodium tetraborate decahyarate,
sodium dodecyl sulfate (SDS), dithiothreitol (DTT), lipopoly-
saccharides (LPS), griess reagent, cell proliferation reagent
WST-1+= Sigma-Aldrich Chemical Co. (St. Louis, MO, USA)
oAl G915} H, Neutrase (Neu), Protamex (Pro)S Novo
Co. (Novozyme Laboratories, Copenhagen, Denmark)o]| 4]
T RAW 264.7 A= gHA] 225528 (Korea Cell
Line Bank, KCLB)oj| 4] E-0F vto} Al2-51-31t}. fetal bovine se-
rum (FBS), dulbecco’s Modified Eagle’s medium (DMEM)-2-
Gibco (Gibco BRL, USA)) A G153t} Penicillin-strepto-
mycin solution Cellgro (Herndon, VA, USA)o| A -5
t}. PGE,, TNF-a, IL-6, IL-1B Z73-§ kiti= R&D Systems Inc.
(Minneapolis, MN, USA)of| A -J5}ich.

£9| gATteEdl=E ME

% 75 HAR RS $I5to) KidahlEe o
golo] Tl geke Sgsiglon], 1 uela guke
41.39+0.69% LFeRtth, & £ A7 25 7} 10 g¥o] 6 25
9] & 4 (Alc, a-Chy, Try, Pep, Neu, Pro)E A 2|3} o, 4
T & T o e 1%E Atk 6 79 aaE
0]-8-5F £:9] 7}4=ELaf| 2742 Table 19 YeRH Ax} o] 7} <
8ol A 8AITE 52t 7h=al g %, 100°Coll A 10461 7t
dsto] aaE EGSRsIh 2243k Al &+ 5,000 rpm
oA 20427F YR st 4SS wE Eesioitt A
S A% T AREAIZHA] 20T oA HatstgiTt.

712351 =(Degree of hydrolysis, DH)

£90] §AVRESES] 7[Es| == Adler-Nissen (1979)

=)
o
(i
oy,
B
re
Mo
=
of

HE g sto] 2431} 7.62 g disodium tetraborate deca-
hyarate®} 200 mg®] SDSE- 150 mL2] 5-F420f <1 8-t
160 mg OPAE 4 mL ethanolo] %<1 8-9-& &35 &, 176
mg?] DTTS Y3 2542 200 mL7} 5| =2 9H OPA £
2 TH=Ch 3 50 mg Q] serine2 554 500 mLoY| 9] ser-
ine -8-91(0.9516 meqv/L)= TH=t}. A &2} Serine -85 2+2F
400 uLo} OPA g9 3 mLE o] Eg5to] 340 nmofl A &3

£ =73, OPA7} 24 free amino groups #Fo = 2HAF
sto 7h-sfl =5 LHEH 2ith(Adler-Nissen, 1986).

DH=h/h_ 100

h - protein equivalent J & peptide bonds 4>, hi= 7}

£ahE Faolrt.

d

i
o

E=C =3
2:0] FA7FPRES 10 mL S750] 291 5 3 kDa%} 10
kDa F 7i¢] Ultrafiltration membranes (Amicon Ultra-filter
devices; Millipore, Billerica, MA, USA) ©]-83}o] 3,000
rpmolA] 2087H i 0 2 elalBalale] AR 27 2
5]9JTH(<3 kDa, 3-10 kDa, >10 kDa). EAjefal e 52l &
e sAnsto] st

£ ofolicAt Bty B

Z olu| AR $FEES A 25 6 N hydrochloric acid= 110C ]|
K 24AZH B HelShL S50 T, SRS YT P S
1-23] "HEstct 0.2 N sodium citrate buffer (pH 4.2) & 485
o] 0.2 wm membrane filter2 o]3}3F &, oju| A5 A 7|
(S43000; Sykam, Eresing, Germany)Z ©|-&3}o] Z435}9lc}.
M= B 2 MZE =4

RAW 264.7 A3+ 10% heat-inactivated FBS, 1% penicil-
lin & streptomycing 3 DMEM 2| & 37T, 5% CO, |l
A B FsEGITh RAW 264.7 A| 220l A £ B A7Fpiel a9 &
4 o322 sfelals] 915 WST-1 8248 ol 4510 460 nmol
4] Microplate reader (BioTek, USA)Z 33 %=5 S5t

Table 1. The conditions of enzymatic hydrolysis and degree of hydrolysis of the enzymatic hydrolysates of Japanese mud shrimp Upogebia

major

Enzyme Buffer pH Temperature (°C) DH (%)
Alcalase 0.1M Na,HPO,-NaH,PO, 8.0 50 65.170.84
Protamex 0.1M Na,HPO,-NaH,PO, 8.0 45 68.01+0.43
Trypsin 0.1M Na,HPO,-NaH,PO, 8.0 37 64.560.31
Neutrase 0.1M Na,HPO,-NaH,PO, 8.0 50 67.53+0.28
Pepsin 0.1M Glycine-HCI 2.0 37 68.12+1.11
a-Chymotrypsin 0.1M Na,HPO -NaH,PO, 8.0 37 69.81+0.39

Enzymatic hydrolysates were obtained from 8 hour under the optical conditions. DH, degree of hydrolysis.
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NO ¥4 =4t

RAW 264.7 H|3ZE 24 well plateo] 1 X 10° cells/well 2 2
Slo] HjoFsl). 24X 7k & FAHRA O Z LPSE 1 ug/mL
Aegt &, ARE FEHE H2fste] 247t v Fstlct. A
S 100 L&} 532 Griess Al 2R Eotsto] F-2olA 102
7FWES-A171 3 Microplate reader”|(BioTek, USA)E AM&-5}
] 540 nmoll A FHE S 2 A5}eic o o] EETAI0] AL
sodium nitriteZ- ©]-8-5}1t}.
PGE, ¥ Cytokine M85

RAW 264.7 H|2£E- 24 well plateo]| 1 X 10° cells/well 2 £+
sto] vjeFstaitt. 2447 & P 222 LPSE 1 ug/mL
Aelet s, N RS SR 22lako] 2417k jeyakalct. ujo}
N PGEz, TNF-o, IL-6, IL-1B A4 =2 ELISA assay kitS
0]-g-31o] Microplate reader (BioTek, USA)Z 450 nmol| 4] &
HES 2gsieh
=%

A= et £ FFUAKSD)E YEiglon, = 7] 3
] Apo] 9] %4 A& %71817] 91519] Student ttestS 4235}
om, Aol =P gko] <0.05¢ w2t P gho] <0.01 o 524

oA F—?i

o

Table 2. Total amino acids composition for the molecular weight
cut-off fractions of the a-chymotrypsin hydrolysates of Japanese
mud shrimp Upogebia major (g/100 g)

Amino acids <3 kDa 3-10 kDa >10 kDa
Asp 6.93 472 7.83
Thr 3.65 1.94 3.86
Ser 2.37 219 3.08
Glu 6.67 4.88 8.7
Pro 2.57 1.89 3.67
Gly 1.20 1.06 1.36
Ala 2.87 2.04 3.64
Cys 0.13 0.1 0.15
Val 2.93 2.37 3.09
Met 0.32 0.21 0.43
lle 248 1.94 3.40
Leu 418 3.85 4.54
Tyr 291 1.38 1.82
Phe 3.24 3.03 3.28
His 3.19 3.1 3.46
Lys 3.25 2.93 3.63
Arg 3.87 2.63 2.90
Trp 2.84 2.54 3.58
Total 55.60 42.82 63.10

FAAZ FLG6FF BT BAHE A5} 4
R ,—|—.—431*7} HajEo) Ff R Ee 2t A

= Table 10]] e Itk 0] 74456l == a-Chy 7F=2-3f
2(69.81+0.39%)>Pep 7|58 2(68.12 £ 1.11%)> Pro7}<:
B (68.01 +0.43%)>Neu 7|4 E 81 2(67.53 + 0.28%) >Alc
7} Bl (65.17 £ 0.84%)>Try 71582 (64.56+0.31%)
o] 4207 Uepry.

& gAJeEoES MZE =4 2 NO 44 51t

A whg-ofl Toldh= 4 E4 < nitric oxide (NO)2| 2H4
Shel= 58S ERIsH] flste] %49 6579 ATkl
O NO B4 585 S74oIqUth(Fig 1). & aa7d OHE
O] NO A 5& B7Ist7]oll $HAl 6 72 AaartRalE]
RAW 264.7 A3z thgt Al =52dS S5l 6 T572 &
A7HREEE2 1 mg/mL ©]51e] Fo Al RAW 264.7 Al
oA 90% o]/Fo] BEES Ueho] Al SEAdo] UrehuhA] ¢
WSS FIskiehdE oE AABHA] %?‘2%8) Al /g o] Lpet
UHA] o2 6 T7-9] A471EeES RAW 264.7 Al 22 1 mg/
mL ©]3}2] F= & ] &, LPS -4 2]H(Blank)Zt ¥]ul s}
S 1 0.25-1 mg/mL2] FEoA] FEOEL O R {0
S7Fe el 202 gelstelon, o]F 5, o-Chy 7H=H

25

. 0.25 mg/mL
# 3 0.5 mg/mL
20 * == 1.0 mg/mL
s . .
2 15+
o)
e *
x * *
o *
e 10 * *
s . . )
5 * *
0

Blank LPS Alc a-Chy Neu Pep Pro Try

Fig. 1. Effects of the enzymatic hydrolysates of Japanese mud
shrimp Upogebia major on nitric oxide production in RAW264.7
cells. All data are presented as means=SD of three independent
experiments. "P<0.05 compared with LPS-nontreated group.
“P<0.01, compared with LPS-treatment only. LPS, lipopolysac-
charide; Alc, alcalase; a-Chy, a-chymotrypsin; Neu, neutrase; Pep,
pepsin; Pro, protamex; Try, trypsin.
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Fig. 2. Effects of the molecular weight cut-off fractions of the
a-chymotrypsin hydrolysates of Japanese mud shrimp Upogebia
major on nitric oxide production in RAW264.7 cells. Cells were
treated with various concentration of <3 kDa (a), 3-10 kDa (b), and
>10 kDa (c) fractions of the a-Chymotrypsin hydrolysates of U.
major. All data are presented as means+SD of three independent ex-
periments. "P<0.05 compared with LPS-nontreated group. “P<0.01,
compared with LPS-treatment only. LPS, lipopolysaccharide.
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shE-e vl wolshs NOO A4S 7Hf tol £zt
o= Uehgt.

7

1

o
WY 37 5% 4% 2 BY 28 2B ste] &

a-Chy 7FrEalE2 5 ¢ 3 kDai} 10 kDaA membrane filter
£ olgelo] £32 sjglon], 717te] 1% (<3 kDa HIE,
3-10kDa £3=, >10 kDa £8&)2 —7—“ 3}al Ql= ofu| At
o] FFeFS B9IBkIAF & ofu] Al sha-hg B A3}9ICHTable
2). 9] o-Chy 7} 581 52] Bl Relge] % ofu|iil
Ely

>10 kDa 2] (62.42 g/100 g), <3 kDa £-8]5(55.60
/100 g), 3-10 kDa 23] 5(42.82 ¢/100 g) <=2 &2 L}Ebdeh o

(a) 120
#
100 T
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T
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-
£
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[©]
o 40
20 R T
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Fig. 3. Effects of the molecular weight cut-off fractions of the
a-chymotrypsin hydrolysates of Japanese mud shrimp Upogebia
majoron prostaglandin E, (PGE,) release in RAW264.7 cells. Cells
were treated with various concentration of <3 kDa (a) and >10 kDa
(b) fractions of the a-Chymotrypsin hydrolysates of U. major. All
data are presented as means+SD of three independent experiments.
"P<0.05 compared with LPS-nontreated group. “P<0.01, compared
with LPS-treatment only. LPS, lipopolysaccharide.
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Fig. 4. Effects of cut-off fractions of Japanese mud shrimp the o-chymotrypsin hydrolysates of Upogebia major on the production of pro-
inflammatory cytokine (TNF-a, IL-6 and IL-1B) in RAW264.7 cells. Cells were treated with various concentration of <3 kDa (a) and >10
kDa (b) fractions of the a-chymotrypsin hydrolysates of U. major. All data are presented as means+SD of three independent experiments.
"P<0.05 compared with LPS-nontreated group. “P<0.01, compared with LPS-treatment only. TNF-o, tumor necrosis factor a; IL-6, interleu-
kin 6; IL-1p, interleukin 1p; LPS, lipopolysaccharide.
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w2 o 2 ] 24 peptide= Z14 ofr] il 27| 9F 22424
obu| ikt 27| & W5 23 Eh= 2 07 U A 9lth(Santiago-
Lopez et al., 2016). ¥ g7 A3} Al 719 R &5 743510
)= o)At 3 Asp, Glu, Leu, Phe, His9] 912 152 uh,
Cys, Met®] gheg-2 -2 21 © 2 Leyit.

2 q-Chy 7I+2oliz 222 MZ =4 2 NO o
8 &9

%:9] q-Chy 7Hiell=9] 3719] 2252 RAW 264.7 A2
of| Al Nl EA-& 3 Ay}, <3 kDa £-31 53} 3-10 kDa £-3] &
< 0-50 ug/mLe] FE=olA 90% o)/do] AjiL AHEES et
Wglon, >10 kDa #2852 0-10 ug/mLe] sEof4] RAW
264.7 A3zl 54 Ve A] o= A o= SRRIE JlTk(T o] E
= UERHA &)

NO= &3k thAA| 2ol A A= H54 cytokine]
S 245k F5 HHS-S vi7igtck(Yu et al., 2012). 2 <
TollAl= RAW 264.7 Az £:9] o-Chy 7t=2s=2] 371
o] FE =& AlEZsAo] UehA] oh2 sk Hel= A 4
3}, <3 kDa w8 A 2] LPS 74 2]H(Blank)} H] 5}91
2 f 12.5-50 ug/mLe] FEol A NO&| A o] s ojE4 o
2 Y01 37HE Uetll= 2o & g¢lskgl e, >10 kDa
BEEL2.5-10 ugmL e oA FEoEA 02 NO2| A
4= ke A2 YR th(Fig. 2). 124 3-10 kDa 23]
2 EEoEH 0T A QI NO ABES =84 23ttt

NO 4} ohu2} PGE, T3 95 w722 § shuta &2
Ao, A5 cytokine2] A4 Ao Fogth(Harris et al.,
2002; Williams and Shacter, 1997). 2 ¢1Lo] A= £:9] ¢-Chy
7kl E L] 3719 285 5 NO 452 Vel <3 kDa &
&3} >10 kDa 232 RAW 264.7 A Zo| A PGE, A4
o tigt A= =245k hFig. 3). <3 kDa B8 & A2
LPS -2 2] 7(Blank)¥} B]5}9-2 0f 12.5-50 pg/mLo] %=
o)A PGE, %] 842 s&=35 7ol uhet fol8 o8 F7kshgl e
o], >10 kDa 522 ¥3+2.5-10 ug/mL 2] =] 4 PGE,9|
Aol Fe7t 71l whet fo Ao FUtEE A o'
Elth <3 kDa 28&3} >10 kDa £-3%-9] RAW 264.7 A
o4 PGE, Aol gt &= NO A5 frAlst 22
= Uehsitt.

Cytokine MAs

TNF-o, IL-6, IL-1B2} -2 €15 cytokine> A|3E f 4l
S| Hofsto] A5 WS XAt (Hanada and Yo-
shimura, 2002). 311oF A5 G2} peptide®] thA AL B4 Z7}
Aol thet Harzf Qlom, e, Al 5 A2 el 247t
HARREA S7He = P59 cytokine®] B2 S7HAXIth
+= B 3117} QI (Cheung et al., 2015; Wu et al., 2015).

=
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oy,
B
re
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=
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2 AFoIHE 0] o-Chy 7H-2ef 5] <3 kDa 2953
>10 kDa £-2]%-2] cytokine A4 of] m] 3] &= A ES- BHol5}7] 9]
&lo] RAW 264.7 A 3£0]| 4] TNF-q, IL-6, IL-1p A2 =4
atlow, 1 A3E Fig. 4o e lch

£:0] ¢-Chy 7} B8] 2 2822 RAW 264.7 Al Zof A f=
¥ TNF-0 %-& <3 kDa B8]5 2] 2] LPS 742|123} v] 1
5192 o 12.5-50 ug/mLe] -5 of| A TNF-02] B2 &5
7tol| whet fojH o g Frtetglon, >10 kDa HEE-2 2.5-
10 ug/mLe] "5 =0 A TNF-0.2] /0] 5=} 7ol uhaf
FoH 07 F7tE= A 0= veyith

RAW 264.7 H|3Loj| 4] 2:9] g-Chy 7}=R-8]52] <3 kDa &
g&=1} >10kDa 2859 A= S F IL-62 <3 kDa 3]
B A 2|3-& LPS 4] 2] i} v] w592 ) 12.5-50 ug/mLe)
=04, >10kDa 2852 2.5-10 ug/mL 2| F =0 A s =5
7ol upe} o 0 & FhEl= A o0& YERT

%9] 0-Chy 7}-1329] <3 kDa £21E7 >10 kDa £2]
59| 22| 2 RAW 264.7 Al Zof| A A H IL-1p2 <3 kDa &
Y& Al LPS FA] 2jtat v skl wf 12.5-50 pg/mL
O] FrolA sEoEH O R FoH I F7HE et E
3, >10 kDa 2352 5-10 ug/mL 2] = oj A §-9]4 91 7}
£ Uit

ol5 AWZRE £9] o-Chy 7}pEalEY 2322 RAW
264.7 Al o) A W &Z 7o) % a3 48 5H= NO9} PGE, 9}
H o uk-g-of 2831 cytokine (TNF-q, IL-6, IL-1B)E A}=3]
o @A 7]= W S AR 2Hgdh= Ao R Ve &
Fa7kRRAES WY S7d Bgo] He a2 &8T5

B AT SR SAE AT AR Aoz 4
91451 tHR2018060).
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