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Infection with HIV (Human immunodeficiency virus), over time, develops into acquired immunodeficiency syn-
drome (AIDS). The development of non-toxic and effective anti-HIV drugs is one of the most promising strategies for
the treatment of AIDS. In this study, we investigated the anti-HIV-1 activity of gelatin hydrolysates from Alaska pol-
lack skin. Gelatin hydrolysates were prepared using four enzymes (alcalase, flavourzyme, neutrase, and pronase E).
Among these, the pronase E gelatin hydrolysate was found to inhibit HI'V-1 infection in the human T cell-line MT4. It
exhibited inhibitory activity on HIV-1  -induced cell lysis, reverse transcriptase activity, and viral p24 production at
noncytotoxic concentrations. Moreover, it decreased the activation of matrix metalloproteinase-2 (MMP-2) in vitro.
Because HIV infection-induced activation of MMP-2 can accelerate collagen resolution and collapse of the immune
system, pronase E gelatin hydrolysate might prevent the activation of MMP-2 in cells, resulting in collagen stabiliza-
tion and immune cell homeostasis consistent with anti-HIV activation. These results suggest that pronase E gelatin
hydrolysate could potentially be incorporated into a novel therapeutic agent for HIV/AIDS patients.
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AIDS g AE7|17HE AFAAZE o= e dAZE I
Ezntol22A7F ek HIVAAALS] AL 72 &0l
AI7F glo] AIDSE AR E|H 2t Fat 59 o) L7k
A 4= Slekar A ot AIDSE SR 7= A=A

ol7hH Ay whol#A(Human Immunodeficiency Virus,
HIV)E= Q7] dAAAS sjA7]= dEZHolF AR
A TAHAAE S I (Acquired Immunodeficiency Syn-
drome, AIDS)& 4 2.7]= HHA otk HIVE =2 A5 T A
E(THIZS] CD4" 3:9]), BRI, 5214 AL 5] Aofg]
L AGAZES 7HA 7| HIVO| ZHEE CD4* T A|322] 4
7F A A < olskE W 7HE A7l d o] A E
AL AR 7| Bt ol Al e L 2 A A2k gl ARge] o] =

7] gtchH(Barre-Sinoussi et al., 1993; Gallo et al., 1983). T
E HIVZE 109 Qtell AIDSE %13 =] AIDS$HAF7} 2] =it
Al grom B 1 oW APgshs Ao ® odef A Qlet 19819
A& o2 AIDS $A7F B o] A AlAZ o2 7,8007H

L ohn] molut 7] B8] A% e BAT g 1
211 oFA WA o] WA Elth(Plaza et al., 2009; Zampella et al.,
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B3 Hro]m(Ahn et al., 2009; Heu et al., 2010), Hfo] 224
Aazgte] tigh Ay A= A o] Fol%l vprt glo] &
At ks e Ao a4 S-8oldhe HoAk 9
17} Zict.
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20Tl At ARgstgl o, ARl e] TeEellE Alx
E Yol ARE-3F 35:9] 7 4~ (alcalase, flavourzyme, neutrase) =
Novozyme Co. (Denmark)of|4] 12|31 pronase E= Sigma-
Aldrich (St. Louis, MO, USA)of| Al 71513t

e AR H2tE 2 g4 JeEalEl ME

B A0 o= AAE flste] Y(5T olsh = F23]
AI#3HL, 015 0.3 M Ca(OH), 47he]-8-H A 2] 3l W2 7
A 23 2 0.15 M acetic acid= =3FA| Fch =31= Hej7 2
of AmhH] Sul(viw)] SFTE 7l 50T ollA 4AIZE 5<F
ARHEe 2B A4 2T AREERE oIR(A
110 mm, advantec, Japan)Z o|-&3}o] 749t o] 23t & 23
F71E ol&ste] 50T oA F53t ths T2 X8I o] & &
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Aol 1250 AkE1% waef 4714
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2 24 pH 2704 124)7F FeH A ZL S
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2y aAa7rEsEe] A olgke Pierce® BCA protein
assay kit (Rockford, 95 IL, USA)E A8t 4519, T
ud gage] HERH S BSAS ARSI,

M= 2 Hio|2{A

3+ HIV-1 8432 in vitro oA AM517] $1sl MT-4¢} HY/
HIV-1, . Al32E NIH AIDS Reagent Program (Germantown,
USA)oflA] £ ol AR8-819iTt. HE A= 10% fetal bo-
vine serum (FBS, Thermo Scientific, USA), 50 pg/mL strep-
tomycin, 50 U/mL penicillin (PAA, USA)°] %715 RPMI-
1640 (Thermo Scientific, USA) vl z]ol| A Al wjeFslSict.
HIV-1 Hho] 2] A5 HOMIV-1,, AlZ0] Hjof 42o) oz R
gtsto] -80°Cof| Hatskal A2 ol 37°C o w0 AME-sH
. Hhol 2] A A7k 54 H Hlol 2| Aolg MT-4 A| o] g A]
7] 3UZE37C, 5% CO, vl F7 ol Al vt th2 A4 ¥l p24
5191 0] 2 24 5o] A 73;(4 3519t

MT-4 H|3ZZE 96 well plateof 1.0 x 10* cells/well2 3111
37°C oA 24417t FRE Hi ST o o Al R E S EHE 3
A3lo] 37k ujeFskaL 550/690 nmeol| A 9] F345= 2fo]of| o3
Atolole NS 248} 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) A|&H O &2 50% A3
¥ ¥ & IH(cytopathic effect, CPE)7} UEh = 5% (CD, )& A
el A e ko s e

ol' HIV-1 sl-)\ /éé-l

HIV-1 Hpo|g A Y & BA|ag oA s34 8] %@.
NS ohaleka A% WA EDS et veby 7145
=9 12 3} HIV-1 242 HIV-1 79l &g MT-4 /\ﬂi
O] A2 AR5 gelsto] S5kt MT-4 Al Z5 96
well plate]] 1.0 x 10* cells/well= E535}0] v FstaL 2 well
o 100 TCID, ©] HIV-1, & 50 L™ A7}k 3 Al RE B2
HE 100 pLA gol 37T, 5% CO,= FA1H w704 3Y
7 vjekstgiet. Al&e] 9 HIV-1 ﬁw 42 MTT AlgHoz 3
tstsiet

MTT Al8-2 MTT cell proliferation kit I (Boehringer Man-
neim, Bernd Meyer, Ottweiler, Germany)S AR8-5}0] A 343}
Oﬂr/} 96 well plateo]] = 2 3|4 A| 7o} nlo|g| A0S &
35t0] 37 WeFSRRL AIE AFZONS 100 uLY A A 9 5 2
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wello]] 20 uLe] MTT -8-<ll(final concentration 0.5 mg/mL)E
A7Vl 37T, 5% CO, HiF71 A 4X17F E<t A A F L.
Z} wello]l 100 pLL. DMSO (dimethyl sulfoxide) 842 % 7}5})
of 719445 2L BAle] 24N formazand: 45| <) 5
ol microplate reader= &34 =(test wavelength 550 nm, refer-
ence wavelength 690 nm)E Z73l3it}. A|29] & HIV-1 &
3 B7t= HIV-1 ol A Al 9 B|Ze o & A2
FUEE 7|20 2 o AES 24 F A4l
HIV-1 p24 &8 =d

MT-4 AM|EZE 96 well plateo]] 2.0 < 10* cells/well2 =3}
3L 37°C oA 24A17F FRt vieFRE %, ZF welle]l 100 TCID, 2]
HIV-1,,, 50 pLot Al RS S=EE 100 pLA Yo 37°C, 5%
CO,= £ A1 Hlep7|oflA] 387k saataiet. 3% F Al 45
off 9] HIV 92 Lenti-X p24 rapid titer kit (Clontech, USA)
2 Ahgtel Agstaich
HIV-1 S8AlgA &4

HIV-1 97 ALE 4 (Reverse Transcriptase, RT) &A1& 4
32 RT-Detect™ kit NEK-070A (Dupont medical products,
Boston, MA, USA)E o] &310] Z45}ech gat 944} 4]
Zgto]| oJaf| AJAkEl HIV-1 RT (10 U/uL, 100 mM potassium
phosphate, pH 7.1, 1 mM dithiothreitol, 50% glycerol)& &
29150100 mM Tris-HCI, pH 8.0, 160 mM KCI, 1 mM
EDTA, 3 mM dithiothreitol, 3% (v/v) Triton X-100, and 10%
(v/v) glycerol]oll 0.005 U/uLE 3] Al5}ko] ARl HES- &
-2 primer7} F-21E RNA template®} triphosphate-DNA
nucleosidesE HH-E3-5E 5 (reaction buffer: 200 mM
Tris-HCI, pH 8.0, 40 mM MgCL)ol| 3]415}o] A}g-3}%ct. 10
pL Bhg-EokE 245N, 20 pL W23, 4 pL At 7hi
&, 5.2 uL AAEH-S 500 pL test tubeo]] Il 37C ol A
IAJZE &9 AR Z]3L 90T ol Al 127 HE-g-& A A T
HES-S thzl RNA templates &71H2]-894(5.62% potassium
hydroxide, 94.38% water)©.2 37TOoA 1587 7hpE3)
3 & 45N (13.6% sodium phosphate, monobasic monohy-
drate, 86.4% water) 2.2 £3}51%th ELOSA W2 98l 5
3FAZ1 HH--9H 50 pLE- streptavidin-coated microplate wellof|
%711, horseradish peroxidase (HRP)-labeled detector probe
2} biotin-labeled capture probes Z35l+= ELOSA £ 50
uL F7kste] 37°Coll A 2417t F4F v s tH(Weber et al.,
1989). ¥F-8-& ulA] 31 microplate wellol] H-& A|oFo|L} 7}
=3l RNAE A|A 37| 3l Al 2 (2-chloroacetamide &4
20X)= & JAJste] 33] A&k} Al23E microplateo]]
B HE(3.3, 5,5-tetramethylbenzidine substrate 5-4) 100
uLE H7tsto] Aol A 1475 RESAI] S A H (2.2%
citricacid, 1.5% HCI, 1.5% sulfuric acid and 94.8% water) 100
pLE H7isto] Hhg-& A A H L. 1H-3-91-2 spectrophotom-
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Table 1. protein contents and anti-HIV-1 activities of gelatin hy-
drolysates from Alaska Pollack Theragra chalcogramma skin

Anti-HIV-1 activity

Enzymes Protein content

(mg/g dry weight) (IC.,,mg/mL)
Alcalase 101.42+8.12 0.92+0.74
Flavourzyme 58.22+1.91 > 3.90+0.41
Neutrase 68.71+0.48 > 3.50+0.74
Pronase E 89.71+4.46 0.57+0.16

All values are means+SE.
IC,, value is the concentration of sample required for 50% inhibi-
tion.

eter 450 nmol| ] Sz & 248l 0.0 o7& o] AL th

St o] sheict.

Inhibition (%) = (Activity control-Activity sample)
/Activity control X 100

MMP-2 &4 &4

MMP-2 assay kit (BIOMOL, PA, USA)2] i of u}z2ta] =
gokatt. =, 68 ulLe| vh3- bufferet A= 2 pl7k ©A Q=
wello]l 20 uLo] MMP-2-& 37Fsto] 37C ol 4] 6027t BE-g-3F
A}, B2 3 thiopeptolide 712 20 pLE A 7}5}0] 37°C o)Al
6057+ HR-3-5F . 405 nmol| A 2451}

SA=A

A ATt BA A 242ke) Al go et H + EZ2HUA}
= tpefiolct. SPSS 2 TR(SPSS Inc. Ver. 12,012 A-8-5}
o] 1-way ANOVA testS A A|810] 2} 3HEE 71o] 8014 A
%-& Duncan?] tH5:9] 774 0.2 P<0.05 4220l 4 AAlskgich

=t

74 J-_|_|. )

ag
d

=3
[

ol
=)

olE) 7T Wale &4 JiEsfgel C
& HIV-1 £

el 4 fe ek AeEsisl] Sls) 459 B

il

o]-8-gt 3} HIV-1 /& HESI3Ith(Table 1). &) 74 Azt
© 1 go 2 e dojil F il 2 2elet A3t alcalase}
pronase E2] 73-9-101.42 +8.12 mg¥} 89.71 + 4.46 mg 2] T
2 o g o aavteidlE Bot w2t RS V1A
3L 9l Aol ERIE ATt

12} 3} HIV-1 2/ H7k= AP T A2 MT-4 Aj220]| 100



g A

TCID,, o] HIV-1,,, 947} 3] 2} & 7l5Refes
W2 7helol 32 SR - HIV-1 2ol o/ %!OM%
MT-4 Aj£2] Rl ETE o Aok s Z7geto] 27sts]
E} Pronase Eol| 2J3) 7}=Ha® Aglel 7lia)Eo] 713+
& @ HIV-1 AsfdS 101 0.5740.16 mg/mLo] IC,, gk
£ 7H 0.1 alcalase 7123 ﬁiEE& 0.92+0.74 mg/mL2]
IC,, 3 7M. 1 99 aavleReE-e & HIV-1 24o)
Aol YehA] ekl whefA] E]—HH 7] 3FeFo] =0 m A g HIV-
1 7\15]13_5}“0] UrEP"r pronase E ol oJat el A& 9 A}
Bl 7[R E-L o] 25)o] §F HIV-1 4L =7} AEsI9t)

2ai2o| ME PS4 2ol

Al G7HA] ] o] ARE-E] L Q1= T EES] AIDS S of i H
A 5A Y] 7P 2 AR 3 HIV-1 24 249 Al HY
A|azof| thgt ZpA| =/d o]t & pronase Eof| 2J3t HE] ﬁx‘ fi
2 Aot 7HEsiEe] AIDSO o W A A=A 9] &
7hsd= Ateh] flaliA = A AFRFe] A2z EH‘?} —Dr
=Jo] dolg|o]of 6PE} MT—4 M| 3£ o3t pronase E 22}

g 7o o] Ml ZAEES RAFSIGITE 1 A 2 —_rLoﬂ
/\-] ARRE 2ol ] mg/mL—J pronase E A2t 7}=E3
=2 MT-4 Ajazo] tiaf] 72 A7t A2 52d& Ueti A ?%%PE}
(Fig. 1).
Pronase E HZtE 7t+EsiE2 HIV-1 JtAtgA
o p24 B AN XA

Pronase E 7%

HIV-1 S2ARE A HIVZE QLA SALE o] HEa o]
A
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>

3 sk

©

@®©

| I i *
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Fig. 1. Pronase E hydrolysate is non-cytotoxic in MT-4 cells. MT-4
cells were treated with 0-1 mg/mL pronase E hydrolysate for 72
h and the viability of MT-4 cells was measured by MTT assay.
The data shown in the figure represents average of 3 independent
experiments. All data are presented as mean +S.D.

HIV #}o]2] A 2] RNAES DNAZ g 7| =0 Bagt a4
A HIV-1 AR 2S AAAIZ .24 HIV Hio|2]29] &
A1 A A4 4= Qlch(Basavapathruni and Anderson, 2006).
Pronase Eof| 2|t igeff 742 f-aff Aetel 7hEef=2] HIV-1
AHALEA A A S-S 2ABFE o T A3 pronase
E Alabe] 7lamsB2e iy ozxo s HIV-1 A EA
L JAsE IC,, gH 0.54+0.07 mg/mLo 2 2l w9}
CHFig. 2A). ERF HIV-19] = o] AYAbe]= Blo] 2k
p24 9 Fo= S5, Fig. 2B9| A= HIV-1 &

|||n
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Fig. 2. Pronase E hydrolysate inhibits HIV-1 reverse transcriptase activity and p24 production. The effect of pronase E hydrolysate on HIV-

1 RT activity was determined by colorimetric RT activity assay. The data shown in the figure represents average of at least 3 independent

experiments. The IC, values were determined by analyzing the data with GraphPad Prism 7.0. *P<0.05 compared to the control without

pronase E hydrolysate (0 mg/mL). (B) Effect of pronase E hydrolysate on p24 production in HIV-1

infected with HIV-1,

s infected MT-4 cells. MT-4 cells were

of 100 TCID,, in the presence or absence of 0-1 mg/mL pronase E hydrolysate. The amount of p24 production was

determined by p24 antigen capture ELISA. The data shown in the figure are average of at least 3 independent experiments. All data are

presented as mean+S.D. * P<0.05 compared to the control without pronase E hydrolysate (0 mg/mL).
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Fig. 3. Pronase E hydrolysate inhibits MMP2 activity. The effect of
pronase E hydrolysate on MMP?2 activity was determined by colo-
rimetric MMP2 assay. The data shown in the figure represents av-
erage of at least 3 independent experiments. All data are presented
as mean+S.D. *P<(0.05 compared to the control without pronase E
hydrolysate (0 mg/mL).

ol o] A== p24 o] pronase E Al 71-RajlE
9] o] o&ste] Fag-e Uehfo] IC,, 7+ 0.59+0.84
mg/mLE 24 ich. 27H4 © 2 HIV-1,, 7+l ojgt MT4
AL o] W F T}, JHAE A S5 18T p24 T AL
pronase E A2}l 7[pEal B 5 0] 07 o7 4 9l
£0] BHolE|9le,

Pronase E H2tE 7t+&E351=22] MMP-2 X3l

Ao A2kl Bl o] Slo) A AR

mloll

of Zepe A F47F H9IA T Aol F4H Fehae of
Blstoz BolE ¥ Zerlon A4 S HIV 7
g FetAl EalE xdsk= Aoz A3 A Qlck(Ester et al.,
2008; Diaz et al., 1010, Kusko et al., 2012). HIV 7o) 714

T Ali 78S Eefiche Tl Eef 42l matrix metal-
loproteinase-2 (MMP-2)2] &35 TEo}o:] Zopdlo] B
&} 22 £ARS 2 st (Mastroianni and Liuzzi, 2007; Ruehl
et al,, 2011). w}gtA & Ao A= pronase E At 71445
=0l MMP-2 B4 244315 214 A& 4= ¢li= A in vitro
Al Adskgieh 21 A3, Pronase E 7H2dllE A2 8t
A & tj 212} v| 1w 5}3l-S o, pronase E 7128l = A 2=
MMP-2 84-9] /5 FasHA AR 2eletSithFig. 3).
ol ATHe we) 714 fel Aete BaviepaEo] Hel
A Lol 4= MMP-2 i 4I5S Alslistan 7] 4] et
A8 fmgomn HIVI U9 o 53k ehd 2 9
o2 Ao A7E S Wk AUZ 1S $I8IAE pro-
nase E 7}pE-allE 2] O]‘l"‘] Al W MMP-2 thaa ihd
w gy wisjel 2ebale] Algare) wsl Sof wak T4 17}
AyElojof 8 Ao A7HEIT,

1z
2o
N

ool AutE q okl B, Wel 74 f-2ff A2k ] pronase
E 7}Eall 52 AP T A 2zof sl F-52 oo HIV-1 3¢
ol sl et AgA a7t glo] 5 7} HafES A
atal H2|ste] g HIV-1 E40] B o] =2 eto|=5
O824 AIDS o 9l 22 A4] o]l 8514 %%% s
Ao 2 wetEeh B3t Aetel aavkeEaiEe] A9 A
229 0] ol el 7Fd AaFA AlE AR 4okAxH =
2% o|§ 4k Qg AR AR

o o o nlo

491700 (2015)o]] ©J5}
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