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Fig. 1 - (A) SDS—-PAGE of samples from the tilapia frame (lane A), frame
protein isolate (lane B), skin (lane C), and skin protein isolate (lane D); (B)

relative amounts of proteins per lane; band 1 (black), band 2 (grey), and band 3

(white).

(Huang, et al., 2016)




256  Table 1 - Crude protein contents and yields of tilapia frame and skin, and their

257  protein isolates.

Samples Protein content  Yields (% (w/w))"
(% (w/w))*

Frame 31.17 £0.75 NA

Frame protein isolate 82.06 £ 0.04 11.93 £+ 0.88

Skin 80.75 £0.97 NA

Skin protein isolate 89.47 £ 0.86 23.04 £ 442

NA: not available.

® Crude protein content was determined by micro-Kjeldahl method
with triplicate measurement on dry basis.

b ¥ields were calculated on the basis of the protein weights of tilapia
frame and skin protein isolates against the tilapia frame and skin
on dry basis.

258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274 (Huang, et al., 2016)

10



275

276
277
278

Table 2 - Tilapia proteins identified by SDS-PAGE and LC-MS/MS analy

Protein name Accession Score Sequence Length Molecular weights Molecular weights
(NCBI) coverage (AA) from NCBI database (kDa) estimated from
(%) (kDa) SDS-PAGE®
Alpha actin gil125971743 676 50 353 39.3 41.3 (A2)
41.2 (B1)
Collagen alpha-1(l) gil542241967 262 6 1450 136.7 233 (C1,D1)
chain-like isoformXx2 120.7 (C2)
119.0 (D2)
75 (C3)
Collagen alpha-2(1) gil348539636 453 10 1355 126.9 233 (C1,D1)
chain-like isoformX1 120.7 (C2)
119.0 (D2)
75 (C3)
Creatine kinase M-type-like  gil348524677 506 43 381 43.0 41.3 (A2)
Fructose-bisphosphate gil348501948 301 42 363 39.6 41.3 (A2)
aldolase A
Myosin heavy chain, fast gil542181730 2071 29 1523 173.3 238.6 (Al)
skeletal muscle-like
Troponin T gil348503780 206 17 280 32.9 41.3 (A2)

# Molecular weights of protein bands were estimated by using gel image analysis software (Vision-Capt, V16.08a); letters in parentheses rep-
resent the protein bands identified in Fig. 1(A).

(Huang, et al., 2016)
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Cl— 147 NFSPQYSDPSKSSGPPYPGPIGPNGPRGPPGPSGPPGPQGFTGPPGEPGEPGASGPLGSR
NF+ QY P PGP+G MGPRGPPGP G GPQG TG  GEPGEPG +G +G R
(2— 68 NFAAQYDGVKAPD--PGPGPMGLMGPRGPPGPPGASGPQGHTGHAGEPGEPGQAGAVGPR

Cl— 207 GPSGPPGKNGDDGEAGKPGRPGERGPAGPQGGRGFPGTPGLPG IKGHRGF SGLDGAKGDS
GP GPPGK G+DG  G+PG+PG+RG GPQG RGFPGTPGLPG+KGHRG++GLDG KG+
C2— 126 GPPGPPGKAGEDGNNGRPGKPGDRGAPGPQGARGFPGTPGLPGMKGHRGY TGLDGRKGEP

Cl— 267 GPAGPKGEPGTSGENGIPGALGARGLPGERGRPGAPGPAGARGNDGNTGPAGPPGPTGPA
G AGPKGEPG G G PG GARGLPGERGRPG GPAGARG DGN GP GP GP G A
C2— 186 GAAGPKGEPGAHGAAGSPGLAGARGLPGERGRPGPAGPAGARGADGNAGPTGPAGPLGAA

Cl— 327 GPPGFPGGAGAKGETGAPGGRGSEGPQGARGEPGNPGPAGPAGPAGAPGSDGSPGSKGAP
GPPGFPGG G KGETG G G CGPQGFRGEPG G GP GP+G PG++G  G+HGA
C2— 246 GPPGFPGGPGPKGETGPYGATGPSGPQGSRGEPGPNGAVGPYGPSGNPGANGLNGAKGAA

Cl— 387 GHGI\G\PGFPG\RGP\G\QG“G%PGPI\GM\GDPGPSGP!\GEPG%GEPGP\GIQGLP
G+AGAPGFPG RG G QG GA GP+G GDPG G KG+ G KGEPG +G QG P
€2~ 306 GTPG\AG{PGFPGPRGGPGPQCPQG%ACPRGLAGDPGlQGW\GDSGPI\GEPGHSGPQGPP

Cl— 447 GPSGEEGKRGGRGEPGGAGPRGPPGERGAPGARGFPGADGGAGCKGAPGERGAPGPLGAQ
GP GEEGKRG GE G G G G RGAPG+RG PGA+G G G PG RGA G G +
(2~ 366 GPQGEEGKRGPTGEIGATGLAGARGARGAPGSRGMPGAEGRTGPVGMPGARGATGAAGPR

Cl— 507 GVIGESGSPGAPGAPCLKGYTGSPGSPGPDGKAGPAGAPGADGRPGPPGPGGSRGQPGIN
G G+ G PGA GL+G+ GSPGS GP GK GPAG GQDGR GPPGP G RG G +
(2— 426 GPPGDAGRAGEPGAAGLRGLPGSPGSSGPPGKEGPAGPSGADGRSGPPGPSGPRGLSGNI

Cl— 567 GFPGPEGASGDSGKPGERGATGPAGAVGAPGKDGDVGAPGPSGPAGPAGERGEQGPAGSP
GFPGPEG SG+ GKPGERGATGP G G PG DG+ GA G =G AG  GEKGEQGP+GSP
C2— 486 GFPGPEGPSGEPCKPGERGATCPTCLRGPPCPDCNNGATGATGYAGCPGEKGEQGPSGSP

Cl— 627 GFQGLPGPOCSTGETGKPGEQGAPGEAGPSGPAGPRGDRGEPGERGGPG I AGPTGPRGAP
GFQGLPGP G GE GKPG++G PGE G +G AG +G+RG PG G G GP GPRG

(2= 546 GFQGLPGPAGPAGEAGKPGDRGIPGEPGAAGNAGAKGERGNPGAAGSAGPQGPIGPRGPA

Cl— 687 GPAGNDGPKGEPGAAGAPGGLGAPCUQRIPGERGAAGLPGARGDNGEPGGRGVDGAPGKD
G G DG KGEPG 4G G G G GMPGERG AG PG +G+-GEPG KG DG PG+D
(2~ 606 GAPGPDGGRGEPGPAGYAGAPGHQCAGGMPGERGGAGTPGPRGEK GEPGHEGPDGNPGRD

Cl= 747 GPRGLTGPIGYPGPPGAQGEKGEAGAVGYAGPSGPRGSPGDRGEPGPAGAAGE AGPFGYD

GPROL GP G PGP GA G+KGE G+ G AGP+GFRG G+RGE GPAGA GFAGPFG D
(2— 666 GPRGLAGPAGPPGPTGANGDKGEGGSFGPAGPAGPRGPSGERGEVGPAGAPGFAGPPGAD
Cl= 807 GQPGAKGESGDSGPEGDAGPPGPTCPAGASGPUGPAGAPGPEGARGSVGSPGATGFPGPA

GO GAGE G SG KG+ 6P G GPAG SGP GPAG GP GARG G PG TGFPG A
(2~ 726 GQAGARGERCPSGAKCEVGPSCLAGPAGQSGPAGPAGPGGPPCARGDNGPPCLTGFPGAA
Cl— 867 GRVGPPGPAGAGGAPGPGGPTGKDGARGARCETGPAGRPGEAGAAGPPGPSGERGSAGSD
GRYG GPAG G PGP GP<GKDG RG RG- GP<G GE G GPPG +GEKG G
C2= 786 GRVGAAGPAGIVGPPGPAGPSGKDGPRGPRGDPGPSGPSGEPGIIGPPGLAGEKGPSGES
Cl— 927 GAPGAPGIPGPQGIAGARGIVOLPGARGERGFPGLPGPSGEPGKAGSSGPYGERGAPGPA
G PG+PG PG G G +G VGLPG RG+RG PG G GEPG+ G +GP G RGAPG
(2~ 846 GPPGSPGAPGTSGPLGLQGFVGLPGSRGDRGAPGGAGGYGEPGRLGPAGPPGARGAPGN]
Cl— 987 GPPGLSGPTGEAGREGSPGHDGAPGRDGPSGPEGDRGETGLAGPPGPPGAPGAPGGYGPS
G PG++GP GEAGREGSPG+DG PGR G +G KGDRGE G AG G GAPG G G +
(2= 906 GLPGNTGPAGEAGREGSPGNDGPPGRPGAAGLEGDRGEPGSAGTTGLAGAPGPAGPTGAA

285
286
287
288
289
290

(1%).

485
626
545
686
603
746
66
806

725
866

783
926
843
986
903
1046
965

Cl— 1047 GKTGDRGESGPSGPAGPAGPAGVRGPAGPAGAKGDRGEAGEAGERGHKGHRGFTGASGLP
G+ G+RGE+GPSGP+G GPAG RG +GPAG +G++G AG+ GERG KG RG G G+P
(2— 966 GRPGNRGEAGPSGPSGAYGPAGARGASGPAGPRGEKGYAGDKGERGMKGLRGHPGLAQGNP

Cl= 1107 GPAGPPGERGPAGASGPAGPRGPSGSNGAPGKDGYNGIPGP IGPPGPRGRNGENGPAGPP
GP+GPPG+ G AGA GP+GPRGP+G +G GKDG G G +G PG RG NG GP GPP
€2~ 1026 GPSGPPGDTGAAGAHGPSGPRGPAGPHGPYGKDGRPGAHGTMGAPGARGPNGYSGPYGPP
Cl— 1167 GPPGPAGPPGPPGSGFEFVSQPLQEK APDPLRGGHYRADDPNVNRDRDMEVDTTLKTLTQ
GPPG GPPGP G G++ VS E YRAD P +R +D EVD T+K+L
(C2— 1086 GPPGLPGPPGPAGGGYD-VSGGYDE-------- -~YRADQP-ALRAKDYEVDATIKSLNT
Cl= 1227 KVEKIRSPDGTQKSPARMCRDLRMCHPERKSGMYWIDPNQGSPLDAVKVHCNMETGETCY

+1E + +P+G+K+PAR CRD+++ HP+W SG YWIDPNQG ~ DA+KV C+ T ETC+
C2— 1134 QIENLLTPEGSRKNPARTCRDIKLSHPDWSSGF YWIDPNQGCTNDAIKVFCDFTTRETCI

Cl—
(2~
Cl—
(2~

1287 YPSESTIPMKNWYLSKNIREKKHVWFSESMTGGFQFQYGSDGADPEDVN IQUTFMRLMSN
Y+ KNFY ++ KKHWF E++ GG +F Y + P+ + Q+ FMRL+SN
1194 YAHPESIARKNWY--RSTENKKHVWFGETINGGTEF TYNDETLSPQSMATQLAFMRLLSN

1347 QASQNVTYHCKNSIAYNDSATGNLKKALLLQGSNDVEIRAEGNSRE TYSVSEDGCTSHTG
QASQN+TYHCENS+AYMD  +G+LKKA++LQGSNDVE+RAEGNSRFT+SV EDGCT+HIG
1252 QASQNITYHCKNSVAYMDGESGSLKKAVVLQGSNDVELRAEGNSRFTFSVLEDGCTTHTG

Cl— 1407 TWGKTVIDYKTSKTSRLPIIDIAPMDVGAPDQEFGVQVGPVCF 1449
W KTVI+Y+T+K SRLPI+DIAP+D+G DQEFG+ +GPVCF
C2— 1312 EWSKTVIEYRINKPSRLPILDIAPLDIGGADQEFGLDIGPVCF 1354

Fig. 3 - BLAST analysis of protein sequence alignment between collagen alpha-
1(I) chain-like isoform X2 (C1) and collagenalpha-2(I) chain-like isoformX1
(C2); identities: 812/1303 (62%), positives: 939/1303 (72%) and gaps: 16/1303

(Huang, et al., 2016)
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291  Fig. 4 - Potential bioactive peptides identified from the alpha actin sequence
292  (NCBI: gi|125971731) using BIOPEP database.
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297 (Huang, et al., 2016)
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Table 3 - Number of potential bioactive peptides of identified proteins using BIOPEP’s Profiles of potential biological activity tool.

Proteins Antioxidant ACE-inhibitory Antithrombotic Antiamnestic
Alpha actin 16 (0.045) 146 (0.414) - -

Collagen alpha-1(I) chain-like isoform X2 28 (0.019) 1047 (0.722) 294 (0.203) 272 (0.188)
Collagen alpha-2(1) chain-like isoformX1 27 (0.020) 1024 (0.756) 294 (0.217) 254 (0.187)
Creatine kinase M-type-like 18 (0.047) 148 (0.388) 2 (0.005) 1 (0.003)
Fructose-bisphosphate aldolase A 30 (0.083) 149 (0.410) 2 (0.006) 3 (0.008)
Myosin heavy chain, fast skeletal muscle-like 97 (0.064) 533 (0.350) 3 (0.002) 2 (0.001)
Troponin T 17 (0.061) 109 (0.389) - -

Numbers in parentheses represent frequency of bioactive peptides with specific activities and numbers are rounded off to the 3rd decimal

place.

(Huang, et al., 2016)
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Table 4 - Number of predicted bioactive peptides to be released from identified tilapia proteins using BIOPEP’s enzyme action tool.

Protease Actin Myosin heavy chain Collagen alpha-1(I) chain® Collagen alpha-2(I) chain®
AD ACE AT AA A0 ACE AT AA AO ACE AT AA AO ACE AT AA
Bromelain 1 12 1 1 3 33 - - 2 96 35 35 1 80 19 19
Chymotrypsin A 1 3 - - 3 6 - - 1 4 - - 1 5 - -
Chymotrypsin C 2 12 1 1 13 53 1 1 1 80 45 45 - 65 37 37
Ficain - 7 1 1 13 &0 1 - 3 104 47 47 2 87 30 30
Pancreatic elastase 1 10 - - 8 56 - - - 98 46 46 1 81 25 25
Papain 1 17 1 1 9 &0 - - 4 130 50 50 1 117 39 39
Pepsin 2 13 - - 7 B8 - - 1 54 - - 1 50 - -
Proteinase K 1 12 - - 8 28 1 1 4 87 48 48 4 88 44 44
Thermolysin 2 11 - - 17 49 - - 4 46 - - 2 39 - -
Trypsin - 3 - - - 20 - - 1 4 - - - 1 2 -

Abbreviation: antioxidant (AO), ACE-inhibitor (ACE), antithrombotic (AT), antiamnestic (AA).

* Collagen alpha-1(I) chain-like isoformX2.
® Collagen alpha-2(I) chain-like isoformX1.

16

(Huang, et al., 2016)
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Fig. 5 - The HPLC chromatograms of (a) the standard molecular weight samples

and (b) marine collagen peptides (MCPs) from the skin of tilapia.
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334  Table 5- Composition and contents of amino acids of MCPs.

Amino Acids Contains (g/100 g) Residues Per 1000 Total Amino Acid Residues
Aspartic acid 5.53 48
Threonine * 2.67 25
Serine 3.17 34
Glutamic acid 9.40 81
Glycine 20.92 317
Alanine 9.23 118
Valine * 2.17 22
Methionine * 1.33 10
[soleucine * 1.33 11
Leucine * 3.18 27
Tyrosine 0.74 6
Phenylalanine * 217 15
Histidine 1.01 8
Lysine * 3.33 26
Arg:inine 7.96 52
Proline 11.32 111
Hydroxy proline 10.28 89
Total 05.74 1000
Note: * essential amino acids.
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350 (Hu, et al., 2017)
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Fig. 6 - FTIR spectrum of MCPs from the skin of tilapia.
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(Hu, et al., 2017)
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369  Fig. 7 - Effect of MCPs from the skin of tilapia on the scratch closure in vitro.
370  Scale bar: 100 um.
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379 (Hu, et al., 2017)
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399

Fig. 8 - Microscope observation of pathological sections on the post-scald day

(H&E, 100x). (a) Coagulation necrosis of the epidermis and dermis; (b)
Impaired skin appendages and focal necrosis associated with inflammatory cell

infiltration.

(Hu, et al., 2017)
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400 Table 6 - The effect of MCPs from the skin of tilapia on wound healing rate (%)
401  in the rabbits (x£s).

Post-Scald Day  Model Control Group  Positive Control Group MCPs Group
3 —16.4 +19.3 —227+£229 —11.8 £23.1
7 —7.0+231 —1.8+27.5 —3.6 £ 28.6
11 8.7 £17.2 19.5 £ 35.0 38.8 4+ 22.8 **F
14 56.6 +31.1 70.5 £ 23.5 786 +£11.1*
18 721+13.9 953 +64* 959 £7.2*
21 86.2 £+ 16.0 098.9 +£2.0* 98.0 - 6.8*
24 89.8 4+ 6.3 100.0 £ 0** 100.0 £ 0 **
28 100.0 £ 0 100.0+0 1000 £ 0

Note: * p <0.05 and ** p < 0.01 were significantly different compared to the model control group; * p < 0.05 were
significantly different compared to the positive control group.

402
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423 (Hu, et al., 2017)
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Fig. 9 - Micrographs of wound tissues in rabbits (H&E, 100x).
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433  Fig. 10 - (a) Degree of hydrolysis (DH) of tilapia frame protein isolate (FPI)
434  during enzymatic hydrolysis. (b) DH of tilapia skin protein isolate (SPI) during
435  enzymatic hydrolysis.

436

437 (Lin, et al., 2017)
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438  Table 7 - Degree of hydrolysis (DH), protein content and yields of tilapia frame and skin protein hydrolysates after 4-h hydrolysis.

Degree of
Enzyme Hydrolysis Protein content Yield®

Samples (E/S% 1%) (%) (%) (%)
Frame protein Pepsin (FPHPe) 2346 + 1.08° 8493 +101° 80.66 + 6.83°

hydrolysates Papain (FPHPa) 15.38 + 0.04° 68.88 + 536° 56.42 + 14.03°

(FPHs) Bromelain (FPHBr) 2001 + 0.22° 89.05 + 1.10° 67.85 + 0.78°
Skin protein Pepsin (SPHPe) 6.48 + 0.10° 7951 + 837° 105.14 + 14.09°

hydrolysates Papain (SPHPa) 744 £ 0.20° 8143 +333° 81.25 £ 1747°

(SPHSs) Bromelain (SPHBr) 1033 £ 0.15 68.21 + 280° 92.39 + 0.40°

°E/S: the ratio of the weights of enzymes against substrates.

"The yield was calculated based on the dry weight of resultant hydrolysate against the dry weight of protein isolate used for hydrolysis.

Results are presented as mean + standard deviation with triplicate measurements. For each column, values that contain different letters are significantly
different at p< 0.05.

439
440
441
442 (Lin, et al., 2017)
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Fig. 11 - SDS-PAGE of samples from tilapia frame protein isolate (FPL, lane A),

frame protein hydrolysates generated by pepsin (FPHPe, lane B), papain
(FPHPa, lane C) and bromelain (FPHBT, lane D), skin protein isolate (SPI, lane
E), and skin protein hydrolysates generated by pepsin (SPHPe, lane F), papain
(SPHPa, lane G) and bromelain (SPHBr, lane H).

(Lin, et al., 2017)
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460  Table 8 - Number of predictive angiotensin converting enzyme (ACE)-inhibitory peptides released from identified tilapia (a) frame
461  proteins and (b) skin proteins using BIOPEP’s enzyme action tool.

Fructose-bisphosphate

(a) Alpha actin® Myosin heavy chain®* Creatine kinase®* Troponin T* aldolase A*

Pepsin 13 68 16 21 11

Papain 18 61 18 15 13

Bromelain 12 38 5 5 10

Pepsin+Trypsin+ 18 76 24 18 10
Chymotrypsin A

Pepsin+Trypsin+ 22 78 27 16 11
Chymotrypsin C

(b) Collagen alpha-1(l) chain® * Collagen alpha-2(1) chain® *

Pepsin 54 51

Papain 129 121

Bromelain 97 85

Pepsin+Trypsin+ 104 96
Chymotrypsin A

Pepsin+Trypsin+ 221 214

Chymotrypsin C

*Myosin heavy chain, fast skeletal muscle-like.
PCreatine kinase M-type-like.

Cl.’:[:allall;uari alpha-1(l) chain-like isoformX2.
dCollagen alpha-2(1) chain-like isoformX1.

*Protein sequences of the tilapia skin proteins shown in this table were all identified in our previous study [2].

462

463 (Lin, et al., 2017)
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Fig. 12 - (a) In vitro Angiotensin-I converting enzyme (ACE) inhibitory

activities of frame protein hydrolysates (FPHs: FPHPe, FPHPa, and FPHBr) and
skin protein hydrolysates (SPHs: SPHPe, SPHPa, and SPHBr) generated by
pepsin, papain, or bromelain.Bars with different letters are significantly
different (p < 0.05). (b) The correlation plot between degree of hydrolysis (DH)
and ACE inhibitory activities for FPHs (e) and SPHs (A). The Pearson’s r
value is 0.9607 and p < 0.05 represents the correlation is significant.

(Lin, et al., 2017)
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472  Fig. 13 - (a) In vitro angiotensin-I converting enzyme (ACE) inhibitory

473  activities of the ultrafiltration fractions of pepsinhydrolyzed frame protein

474  hydrolysate (FPHPe) at of 0.6 mg/ mL. (b) In vitro renin inhibitory activities of
475  the fractions from FPHPe at of 1 mg/mL. Bars with different letters have

476  significantly (p < 0.05) different mean values.
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479  Fig. 14 - The effect of the < 1 kDa ultrafiltration fraction from pepsin-
480  hydrolyzed frame protein hydrolysate (FPHPel) on (a) systolic
481  Dblood pressure (SBP), (b) diastolic blood pressure (DBP), (c) mean arterial
482  pressure (MAP), and (d) heart rate (HR) of spontaneously
483  hypertensive rats (SHRs) after oral gavage. Different letters above the bars
484  indicate significant differences (p < 0.05).
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