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Abstract: In this study, the effect of oligopeptide (Oligosproutin®) from sprouted black rice was evaluated for possible
improvement in skin elasticity. We examined the changes in gene expression on oligopeptide-treated HaCaT cells using
DNA microarray analysis. As a result, oligopeptide treatment showed a differential expression ratio of more than 2-fold :
745 genes were activated and 1011 genes were repressed. One of the most interesting findings is a 2-fold increase in
hyaluronan synthase 2 (HAS 2) gene expression by oligopeptide. We also found that oligopeptide increased cell proliferation,
HAS2 mRNA expression and intracellular ROS scavenging activity in HaCaT cells. A human clinical study which oil-
in-water emulsion with oligopeptide was topically applied showed significant increase in skin elasticity. These results
suggest that the sprouted black rice oligopeptide (Oligosproutin®) can be effective anti-aging ingredient for cosmetics.
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7HEE g shejoFut A (ultrafiltration membrane
system, Millipore Co. Bedford, USA)E Al-&3&le] 22}
o] 1 kDa ©]&}9] 715E3ES 2 F5sh dotd
AL Ao gElol= EaE-S gel permeation chromato-
graphy (GPC)E |43l Ao, o4& =&
& 9o FFPAN Shodex OHpak KB-804 column
(08 X 30 cm, Showa Denko KK, Tokyo, Japan)& ol
28929, photo detector array (PDA)E °] &3t 210
mmolA 24354k Eage 5%9 #HElo|= standard

marker?] §% F3& EAlo}oﬂ Ao FEIFHNOBHE
AAR AT} olu standard marker’s angiotensin I ace-

tate (octapeptide, MW. 1,046), methionine enkephalin
Acetate (pentapeptide, M.W. 574), leucine enkephalin
(pentapeptide, M.W. 536), Val-Tyr-Val (MW. 330),
Gly-Tyr (MW. 233)& A}-&-3t%it)

2.2. M= 8

B Ao AMEE HaCaT AFE 2434 AEFE dul-
beccos modification of eagles medium (DMEM, BioWh-
ittaker, MD. USA)| 10% fetal bovine serum (FBS,
BioWhittaker, MD. USA), 1% penicillin-streptomycin
(BioWhittaker, MD USA)& #7kste] 37C, 5% COr &
sl A wieFala trypsinization 2 2 AlG] vk = Al
XE Agol ol gstith
2.3. M= 24 54

NE 84 23 mosmann([15]18] MTT [3-(4,5-dimet-
hylthiazol-2-y1)-2,5- dlphenyltetrazohum bromide] ¥H-&
HEste] AAeATh HaCaT AEFE 4 x 10° cellS/
well FE2 48-well plated] Welloﬂ ANBE A5ty
CO; "ozl A 48 h sldatdek. MTT &4(5 pg/mL)
S HVE 4 n F YAREY AEds AAsa
100 pL acid-isopropanol (0.04 N HCI in isopropanol)&
A7e £ 565 nmollA microplate reader (Model ELX
800, BIO-TEK Instruments Inc., USAZ FH=E &4
StSTh

2.4. RNA ZH|
Total RNAFZ2 RNeasy mini kit (Qiagen, Maryl-
and, USA)& ol€3}¥ 1, RNAY ¢&=& &elstr] 3}

o] 2100 Bioanalyer (Agilent Technologies, Palo Alto,
CA, USA)E o] &3to] 28S rRNAS 18S rRNAE 13}
At

2.5. Microarray Analysis

180007% ool fAzE /3 human 1A oligo
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microarray (Agilent Technologies, Palo alto, CA. USA)
slide® ol&atsith 2 ugel total RNAE amino allyl
messangeamp RNA kit (Ambion, Inc. TX, USA)2.&
labeling3txL labeled ¢cRNA 10 ugg 60ColA hybridiz-
ationd}3 ™. Microarry chip slideg 6 X SSPE, 0.005%
N-Lauroyl sarcosine -£94e2 AHs & tiA 006 X
SSPE, 0.006% N-Lauroyl sarcosine %2 1 minZt
A& F 700 rpmolA 5 mingt YAEE ¥t Micro-
array?] 23+ Axon Scanner GenePix 4000B (Axon
Instruments, Inc. CA, USA)Z o]-§3l9 A7l Gene-
Pix Pro 30 (Axon Instruments, Inc. CA, USA)S ©]-&
slo] B3t}

2.6. Semiquantitative Reverse Transcription Po-
lymerase Chain Reaction (RT-PCR)

cDNA#AL 1 pg?l total RNAE oligo (dT)15 pri-
mer, dNTP (05 pM), 1 unit RNase inhibitor 181 4
unit Omniscript reverse transcriptase (Qiagen, Hilden,
Germany)Z 37Col4 60 min, 93ClA 5 min heating
N o g WS FAAFAY PCR2 cDNAZFE HAS],
2, 3, GAPDHE Z%3t7] 93t 1 uL cDNA, 05 pyM2
53 3'primer, 10 X buffer (10 mM Tris-HCl, pH 83,
5 mM KC, 01% Triton X-100), 200 yM dNTP, 25
mM MgCly, 25 unit Tag polymerase (Qiagen, Hilden,
Germany)& 413 distilled water2 AAE 25 L2 %3
}4 PCRE 44184tk PCREEZS 94T 05 min, 50T
05 min, 72°C 1 min, 26~30 cycles® ¥HSA AT PCR
of g3l WAE AES 15% agarose gelol| X A7|H9%
ate] HASI, 2, 3, GAPDH ###te] 2#$& image anal-
yzer (BIS303PC, DNR Imaging Systems Ltd, UK)& &
et o™, 2 band9 density: densitometric program
(NIH Image software Maryland, USA)S o]&3}4ith
7b {34 A EE Table 19 YERARITH

2.7. MzY Xeaitlz 27 &0

HaCaT AlZFE 96 well plates] 1 X 10° cells/mLz
BEsle] oF 809%9 confluencyol =€ wj7tA wjokst
o}k Z&J4(UVB) A} Ao vk vixE AAT F HEPES-
buffered control salt solution (HCSS : 120 mM NaCl, 5
mM KCl, 16 mM MgCh 23 mM CaCl, 15 mM
Glucose, 20 mM HEPES, 10 mM NaOH)& A3 &t}
HCSS®ll 0.1% Pluronic F-127 (Molecular Probe)& &3
g 3 4 uM 5-(6-chloromethyl)-2’, 7’-dichloro-dihydro-
fluoresceindiacetate (CM-H:DCFDA, Molecular Probe, Eug-
ene, OR, USA)E AHelatal A|5E v HZ AN

t} 37CAAM ¥e & 20 ml/em? UVBE ZA} ¥ Lumin-

zo] AR ENA Hyaluronan Synthase 2383 o2 g8 M 537 9

Black rice

l 30°C, 24h Incubation
Sprouted black rice
Milling
D.W addition
l Hydrolysis(papain)
Hydrolysates

Ultrafiltration
(MW cut-off, 1 kDa)

Hight M.W Low MW
Protein hydrolysates Protein hydrolysates

!

Oligpeptide
(Cligosproutin® )

Figure 1. Separation procedure for oligopeptide (from
sprouted black rice).
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Figure 2. Gel permeation chromatography analysis of the
oligopeptide (Oligosproutin®).

A Azt 05 g/mLE £33t Sephadex G-15 col-
umn (25 X 50 cm)ell 1 mL FU &, d2elA 20
mL/he) fr&o= A 3 mL 4 BHMGTY 2 2

7}, elution volume®] 2F 80, 180, 200, 320 ¥ 400 mL
BIdA 5708 BES BAAT & Ao, 549 £

% standard marker HE]=9] elution volume (data
not shown)& 71F22 ¢ 850 daltons =2 EAFS
7AxE Hetol=ol 22l mFEbo] = (Oligosproutin®) & &
1 cHFigure 2).

3.2. NZ 24

o} A& A2 RE 53 Oligosproutin®] %74
AEQ HaCaT AEFQ MEBA nx= J3ke Lo}
B 12} Oligosproutin®g HaCaT MEFd] AHelste] A
g4e =A% A7 FAe T vae] wWid 24 hdlXe
5 mg/mL EENA 21%9 AEZAH F7HE YERIL
o] wjek 48 hol = 5 mg/mL FEAA 41%E 7HE $
43 Azgd 2712 Jedl Ao Figure 3).

3.3. Microarray Z2} sliM
wo}l A& #aRE 453 Oligosproutin®] % 22
PAME HaCaT MEFS F3a 2&o M= I

(b)

Figure 3. Cell proliferation effect of Oligosproutin® on
HaCaT cells. The cell proliferation was determined by the
MTT assay. The results are expressed as the percentage
of the control and values represent the mean * SE. from
3 separate expreiments.

S golr T4 5 mg/mL %9 Oligosproutin®g HaCaT
Ax AFst 0, 24, 48 h ¥ F RNAS £ 3}
microarray 2 AA|8tgth Microarray® HAIgE 24 h,

Table 1. Sequences of Primers and Fragment Sizes of the Investigated Genes in RT-PCR Analysis

" Gene Sequence Fragment size
Forward 5'-GAC TCC TGG GTC AGC TTC CTA AG-3'
HASI1 453 bp
Reverse 5'-GTA GAA CAG ACG CAG CAC AG-3
Forward 5'-GCT ACC AGT TTA TCC AAA CG-3'
HAS2 393 bp
Reverse 5-GTG ACT CAT CTG TCT CAC CG-3'
Forward 5'-GAG GAC TGG TAC CAT CAG AA-3
HAS3 498 bp
Reverse 5'-GCC AGA TTT GTT GAT GGT AGC-3'
. Forward 5-ATT GTT GCC ATC AAT GAC CC-3
GAPDH 546 bp
Reverse 5-AGT AGA GGC AGG GAT GAT GT-3'

ietsldEete) ), A 328 A 1 &, 2006
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Table 2. Genes Up-Regulated by Oligosproutin® in HaCaT Cells

Fold change
Gene name GenBank no.

24 h 48 h
Cell cycle
Mdm2, transformed 3T3 cell double minute 2, p53 NM_002392 2.21 3.39
Histone deacetylase 5 NM_005474 1.45 2.89
Lymphocyte-specific protein tyrosine kinase NM_005356 2.14 211
Cellular physiolosical process
ATPase, H+ transporting, lysosomal 38kDa, VO subunit d isoform 2 NM_152565 1.99 817
Arachidonate 12-lipoxygenase, 12R type NM_001139 2.00 6.96
Superoxide dismutase 2, mitochondrial NM_000636 191 414
Cytochrome P450, family 1, subfamily A, polypeptide 1 NM_000499 154 414
Transient receptor potential cation channel, subfamily V, member 2 NM_016113 1.75 3.41
Activating transcription factor 3 NM_004024 154 3.25
Serine (or cysteine) proteinase inhibitor, clade B, member 4 NM_002974 257 2.75
Arachidonate lipoxygenase 3 NM_021628 1.53 2.75
Ferritin, heavy polypeptide 1 NM_002032 1.8 257
Cytochrome P450, family 4, subfamily F, polypeptide 8 NM_007253 158 211
Immune response
Guanylate binding protein 2, interferon-inducible NM_004120 1.42 341
Immunoglobulin lambda constant 1 (Mcg marker) BC015833 1.87 312
Lymphocyte antigen 96 NM_015364 2.03 3.07
Signal transduction
Growth differentiation factor 15 NM_004864 1.4 22.16
Defensin, beta 4 NM_004942 3.39 456
G protein—coupled receptor 45 NM_007227 1.57 2.48
Growth factor receptor-bound protein 10 AF000018 1.61 2.23
Interleukin 1 receptor-like 1 NM_016232 312 197
Melatonin receptor 1B NM_005959 1851 185
Others
Thioredoxin interacting protein NM_006472 10.78 17.15
Hypothetical protein BC012317 NM_138397 182 10.70
Interleukin 23, alpha subunit pl9 NM_016584 178 1041
Stress 70 protein chaperone, microsome-associated, 60kDa NM_006948 1.30 7.73
S100 calcium binding protein P NM_005980 2.08 590
Small proline-rich protein 1A NM_005987 3.39 3.16
Brain-enriched guanylate kinase—associated protein NM_020836 441 332
Interferon stimulated gene 20kDa NM_002201 193 323
Hyaluronan synthase 2 NM_006328 3.45 317
Insulin growth factor-like family member 1 NM_198541 145 2.51
Keratinocyte associated protein 3 AY358993 1.44 2.03
Interleukin 13 receptor NM_000640 3.36 158

48 h w)9kst Oligosproutin®®] signal intensity$} expres-
sion ratio Figure 491 MA plot22 YEHHATH
HaCaT A XFo|A Oligosproutin® A e]3}il 24 h wje
o A¢ Bt 48 h vigstas A Ak 2d Fvt
Zo] ol AL AT F UMtk HaCaT AEFolA
Oligosproutin®% A8tz 24 h #%Fd 2% FHx
dyo] 2uf o]} Frbste A 670 flen, 2uf o

A #aste FAA4E 274 9ok 48 hel BLdE 2w

Z7bebe FAATL 145N olm 2u) o) Tide
TAE 10102 UEbsth odd BskE vedie &
AAES M EaAHapoptosis), AZEF7](cell cycle), AE
o] A&7 FH(cellular physiolosical process), G ¥Hg-
(immune response), 2E#Z ¥h3(response to stress),
25 A (signal transduction) 5o.2 ¥F3le] Yehhd
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Table 3. Genes Down-Reulated by Oligosproutin® in HaCaT Cells

Fold change
Gene name GenBank no.

. 24 h 48 h
Cell cycle
Asp (abnormal spindle)-like, microcephaly associated NM_018136 -1.45 -453
M-phase phosphoprotein 1 NM_016195 ~141 -361
PMS1 postmeiotic segregation increased 1 NM_000534 -1.48 -3.39
Chromosome condensation protein G NM_022346 -1.42 -3.32
Cellular physiolosical process
Chemokine (C-X-C motif) ligand 1 (melanoma growth stimulating activity, alpha) NM_001511 -147 -9.00
Clathrin, heavy polypeptide-like 1 NM_001835 -1.60 -531
Splicing factor, arginine/serine-rich 5 NM_006925 -1.44 -459
Hypothetical zinc finger protein FLJ14011 NM_022103 -1.49 -4.50
Zinc finger and SCAN domain containing 5 NM_024303 -1.71 -4.38
Solute carrier organic anion transporter family, member 3Al AK130644 -1.54 -3.68
Ubiquitin specific protease 13 (isopeptidase T-3) NM_003940 -1.73 -353
Fanconi anemia, complementation group A NM_000135 -1.40 -3.34
Pyruvate dehydrogenase (lipoamide) alpha 2 NM_005390 -143 =332
3-hydroxy-3-methylglutaryl-Coenzyme A synthase 1 (soluble) NM_002130 -3.20 -325
Hypothetical protein dJ12208.2 NM_020466 -1.51 -3.20
Distal-less homeo box 3 NM_005220 =211 -2.31
Immune response
Chemokine (C-X-C motif) ligand 2 NM_002089 -2.16 -8.17
Chemokine (C-X-C motif) ligand 3 NM_002090 -2.10 -3.07
Signal transduction
Phosphoinositide-3-kinase, class 2, gamma polypeptide NM_004570 -1.65 =201
Others
Hypothetical protein F1.J14397 NM_032779 -1.73 -12.47
Fusion (involved in t(12;16) in malignant liposarcoma) NM_004960 -1.46 -5.46
SLIT and NTRK-like family, member 6 NM_032229 -1.45 -513
Serum deprivation response (phosphatidylserine binding protein) NM_004657 -1.42 -361
Hypothetical protein FLJ25414 NM_152343 -1.60 -3.23
Epsin 3 NM_017957 -1.59 -3.05
DNA glycosylase hFPG2 NM_018248 -156 -2.95
FLJ38822 protein NM_207398 -1.48 -291
Kinesin family member 20A NM_005733 -1.3% -291

tHTable 1, 2).

3.4. Hyaluronan Synthase $XX} &&of| o|xl= HE
Microarray® %38+ Oligosproutin®/} HaCaT AZF
ol A HAS29] #d-S& Z7HAAE 58k old oigh A

&2l S 3tux RT-PCRE ©]-&3te] HAS mRNA @@ &

stttk HASE AX9 7|49 F£2 42 F 3l hy-

aluronang st 42 4¥A Yo Hyaluronane

gyje] A AT e AA x| BExaH, F

C 2 %Y 2 YAAMEe} Hd9 Aotz o ¢4
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HaCaT Al ¥39) Oligosproutin® H2]at3 24 h, 48
h wj%3 HAS2 mRNA 2d& RT-PCRE 913 Ay}
HAS2 mRNA @do] zZhzh 28u) 268 ZF7Hsktt
(Figure 5(a). %3 HaCaT ME3)4] Oligosproutin®’}
HAS], HAS2, HAS3 mRNA & v|X& %S o}
Bzl RT-PCRE 438 23} HASI, HAS3 mRNA #
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Figure 4. MA-plots (M, expression ratio; A, Signal
intensity) represent genes activated and repressed by
Oligosproutin® in HaCaT.cells. The MA-plot is used to
represent the (R,G) data . (R, red for Cy5 G, green for
Cy3) where M= log2R/G and A=log2(Rx(3). (A) Oligosprou-
tin® treatment/24-h, (B) Oligosproutin® treatment/48-h.

(a)

o [ —— .,

0 24 8 o

0 24 48
Time(h)

6.5 1 5 (mg/mb

o

Relative intensity(%)

0 0.5 1 5
Oligosproutin®mg/mL)

Figure 5. Further confirmation of microarray data by
semi—quantitative RT-PCR. HaCaT cells were treated with
the 5 mg/mlL Oligosproutin® for indicated time periods (a).
The different regulation of hyaluronan synthase 1, hyalu-
ronan synthase 2 and hyaluronan synthase 3 transcripts
by oligopeptide were examined in HaCaT cells (b).

Oligrosproutin® (mg/mL)

Figure 6. Effect of Oligosproutin® on the production of
intracellular ROS in HaCaT cells. HaCaT cells were incu-
bated with 4 yM CM-H:DCFDA for 20 min, and irradiated
by UVB 20 m]/cmz.' Various concentrations of Oligosp—
routin® were treated directly. ROS generation was assessed
by luminescence spectrophotometer. The values of DCF
fluorescence is significant (¥p < 0.05) and the values are
mean £ S.E. from 5 individual experiments.

dolle AFgS JehX gtor, HAS2 mRNALE-2
Oligosproutin® H& F=¥z Z713e &8 4 g
tHFigure 5(b)).

3.5. Mzl g3t &3}

DCFHe &= 449 DCre 33as 54 4
o2 AxEue Ad"E Ay 2EAE APsd
DCFHE hydroxyl radical, nitrogen oxide radical (NO - ),
thiyl radical, bicarbonate radical anion 5 ]3] 2tals
. DCFHE AXuAlb 59 AXd Ay ~efxE
Hrbeted ARREA gom, HOt zhe] el o3 A
Ae 2oz 9 Axd AsAHed #dg dFd H2
AR L QITH19]. ¥F EFFEAE ol &t *1]“7}
well platedl] F3E o] Aolgle AejoA e FRghe
A A3t HaCaT AEFE WiFTozZH *ﬂiz}ﬂ]«]
Aeago ok 712 A wlustd AL
(UVB 20 mJ/em’) 34} 23} of 189 A= 718 &
g A} o] 2zidA Oligosproutin®% T WE Ae
o A M s molxW FHghol v oEF
o2 A Z2sHon, 10 mg/mL FEE XA 48%
9 gtz AAZHE e tHFigure 6).
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3.6. T BT £ A

H7 gEHAM gIHE Frler] st el AL
AZHE $53 Oligosproutin® 0] 5% A7tE /Wl d
AE olgsld DR BEHEE 43 A7 Fgure 7(a)

J. Soc. Cosmet. Scientists Korea, Vol. 32, No. 1, 2006



14 ARA - o158 - 135

(a)

[1Placebo
Oligosproutin®

0.95

09

0.85 |

0.8 |

Uv/Ue

0.7 §

0.65 |

0.6

0.55 |

0.5

Time(weeks)

(b)

I Placebo
09 ¢ AOligosproutin®

0.8

0.7

Ur/Uf

0.6

0.5

04

0.3

0 2 4 6
Time(weeks)

Figure 7. The effect of Oligosproutin® on skin elasticity.

Uv/Ue, ratio between delayed distension and immediate

distension. Ur/Uf, ratio between immediate reaction and

final distension.
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