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Abstract

Ceramide rich intercellular lipid lamellae are thought to be particularly important in maintaining the
structural integrity of epidermal barrier. Ceramide is synthesized de novo by serine palmitoyltransferase (SPT)
phospholipid intermediates, serine and palmitic acid persist within the stratum corneum. The ceramide which
is synthesized is degraded with fatty acid and sphingosine by degradative enzyme ceramidase. The depletion
of ceramide in stratum corneum was reported in the atopic dermatitis. As an effort to search for the dietary
source for improving the level of ceramide in epidermis, the dietary effects of various-typed silk protein were
compared. Seventy male NC/Nga mice, an animal model of atopic dermatitis, were divided into seven groups:
group CA as an atopic control with control diet, group S: 1% crude sericin diet, group F: 1% crude fibroin
diet, group PS: peptide pattern of sericin (Mw 5000), group PF: peptide pattern of fibroin (Mw 1500), group
AS: manufactured the same as amino acid profile of sericin and group AF: manufactured the same as amino
acid profile of fibroin. Ten male BALB/c mice were served as group C (control group) control diet. All mice
were fed on diet and water ad libitum for 10 weeks. Dry skin condition was established in group CA as ceramide
content was decreased. Despite a marked decrease of mRNA and prorein expression of SPT, enzyme de novo
synthesis, ceramide content of group S was dramatically increased by inhibiting the mRNA and protein
expression of degradative enzyme ceramidase. However, dietary supplementation of crude silk fibroin protein
(group F) and in other groups that were supplemented with either amino acid or peptide type of sericin or
fibroin did not increase the level of ceramide. Together, our data demonstrate that dietary supplementation
of crude sericin is more effective at improving ceramide level in epidemis of NC/Nga mice.

Key words: ceramide, silk sericin protein, silk fibroin protein, serine palmitoyltransferase (SPT), ceramidase

M B A AgE st U AAAEZ 2 Ao F93) o

g& e, F2 Aghule) =(50%), T A Z(25%) U

o] 74 9ol B9E RS AH T RE AAE B 2A1HH10%) ol 85% o|4H& ApA)slar QIrh3). ol 713k

%3k JES dhv, 399 A ¥ AL 1) e BES A3l Algbule) o] o] B3] 223 A
] (epidermal barrier) & 24 45 2k 9 £24.8 ofa)s} 2.2 oeA glrh(45).

of ¥e] A23E Ashs Ao deA 9okl2). 1 Aetvbol e il 2 Q1A Es A ol A A= =

*Corresponding author. E-mail: choyunhi@khu.ac.kr
Phone: 82-2-961-9231, Fax: 82-31-201-3819



Azde) A7 33 Aol s v e 555

serine® palmitoyl-CoA%] ZA¥ F serine palmitoyl-
transferase(SPT)ell 2|3 ¥4 = 32(6), sphingosine WA+
A& AA F ceramidase] 2]} sphingosine™} fatty acid®
FHHH7R). Algtvte] = A= H 23 serined 2 A
A2k Atd B gelate] AEds sl Ao deiA g9l
9), ZHANA F3 Azl o2 Azluto)l= 2] FFie)
o Eo] serine®] 4% ¥t W13HslA sy o] BuE i)
=dl(10), o]+ ZF o4 HA3 serine?] 5L §A31=
Aol 3 REFA F23-S v Fe10,11).

i Az37t delvts Al grAgte g 71404
3 ot s io] Alte] Al 9lEU(12,13) ¢
ofEd ¥ 4-of & HA U729 oF 10~20% A A
ik o} Ey w4 IR AN ohel 3
(hyperkeratosis), 9% 52 o8 Z24& Zo]
F- AP ofd Wit P Amre yAlHA
v Ak S F3F DNA &4 A, A3
2 AdF A FHE T2 9ot o9
oe] Fahg-& pubsta FEAHQ AH-F 7
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A Aglutel = 2] 7H4R 7(8,10,15)9F T Ho 339
Z23} WA 2 EE5e w7l o] A7k el A ot
HAT Tedo] slvke YUkl 59 4] Hste) we &
dekin HEolu} o) & o= R Ale] &Ale] B e diR
Fedrt o2 E8s] A= QIrh(16-19).

I8 Axs A E A A8 vled A F FHE
SLA| A whEei 2] = Alagwlae] Alg-¥ 3 glt) o] A=
@A o] A o} Al Q) sericind} fibroine] Z}
zh 5%t 5% % A= o] sl fibroin®] Zw-g il
81+ sericin serine, aspartate, threonine, glutamate®] =
A obrlmate] A FA ofml Ak oF 77%E A}R| 8]
37| da, Bl 57| 4199 53], 2 A2 BgA
< 7FA1E serinee] ok 30% Fr=lo] ITh9). vk fibroind
glycine, alanine, serine® 8 FAlolv|Alo 2 #5311
Ao} serine®] e 12% W9 & sericinel w3 g},
ol# A3 Al Ak lAS o] 8-3lo] 7 5A 3}
A, U8 vl Fol R o] 9lar, W EE 93 B

Z7H20), F3492] (21), tyrosinase &4 oA EI(22)
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gk 7o i3 85 Hare A5g Aot uleiA A=
A sericin fibroin®] 413 F sjRZ2A A B4 F
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PCR-premix+ (F)8}e] 21olol| A 74131915 AMV re-
verse transciptase, RNasin ribonuleas inhibitor (F)A &
ulo] e Ale]d~ oA T8t} Random primer(50 pmol/
uL), 100 bp DNA ladder markere (F)e g Abo] ol 2o 4]
T 319 2, protein marker+= (F)f-oinfo] Lol A F4i 3}
o] vt AHAHAA glo] 2d=2 ALg3kgdch

g o o] W dl= 573 2 $3 NC/Nga mice(14,22) 30
nhz) o} 558 ¢] 71 BALB/c mice 109+e] & (F)F4A1 8
FEA)ENE FFol AY Ao A3y A 15
o nHE AARE AR F e 8 v
o z Alo]s} E-& v AFSl e sgivh WY A
T-oll /-85 5 NC/Nga miceel] gt A H 2T 2 A5
o]-4-5l= BALB/c mice® B AFdAE AAzTLo 2
sledth AlSAY) &Rl 22-01°C, £EE 60+£5%2 574
shodar, Wid FFr1eh k7171 12413k0] HEE 24

AICHHE AZ FH| Y ofo| it EA
Foll 3] 7FHBombyx mori)& AP O & Al&-stod of

+ 1 & AH3le] F9)stgdct. Az sericind
A AA e o8l FEHA =, WA o ] 30w ke

£ AH71skaL 110°CAA] 5A14F 7193 ¥ HE] = (Whatman
No. 2 paper)& 3o AH{HES AAs G o FFEA L
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(Novo, Denmark)S 3%(v/v) A718k 3 A7)k s 22 2
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slod BE) 8 (0.45 pm, Sartorius, Germany) ¥ 54 7A%2)
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sericing ¥ =8} cH(PST).
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& 3t AfrE-S AAT F FFEAMw)e] 1,500 U]
ol A=A fibroing A UHPFT). Z2he] #4182 gel
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sericin®} fibroin A| &+ -5°C W9 & A3l 24t
Z+2] (model: Vacuum Freeze Dryer, AHd W dAhE
to] 84 Ee] Jefz dHATH23).

oA Pojxl 444 B2e] el ARE ofvlxAb
sodium citrate loading buffer(0.2 M, pH 2.2, Biochrom
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Table 2. Amino acid composition of casein and silk protein

Silk protein

Amino acid Casein — —

Sericin Fibroin

Arginine 35 28 05
Histidine 2.9 0.9 0.2
Isoleucine 5.2 1.2 0.7
Leucine 8.9 0.6 0.5

1 Lysine 76 10.2 0.3
EAA Methionine 2.8 <0.05 0.1
Phenylalanine 48 04 0.6
Threonine 39 6.0 09
Tryptophan 1.2 0.0 0.2
Valine 6.4 2.6 2.2
Alanine 2.8 46 29.3
Aspartate 6.7 19.1 1.3
Cysteine 0.5 <0.05 0.2

n Glutamate 20.2 4.1 1.0
NEAA Glycine 1.7 12.2 444
Proline 10.7 0.8 0.3
Serine 49 304 121
Tyrosine 53 3.8 5.2
Total (%) 100.0 100.0 100.0

YEAA: essential amino acid, NEAA: non essential amino acid.

Table 1. Diet composition of experimental groups (g/kg)
) Experimental groups” (n=10)
Ingredients

Control (C) Control A (CA) S F PS PF AS AF
Corn starch 372 372 372 372 372 372 372 372
Sucrose 200 200 200 200 200 200 200 200
Cellulose powder 50 50 50 50 50 50 50 50
Corn oil 100 100 100 100 100 100 100 100
Vitamin mixture” 10 10 10 10 10 10 10 10
Salt mixture® 35 35 35 35 35 35 35 35
L-Cystine 3 3 3 3 3 3 3 3
Casein” 230 230 220 220 220 220 220 220
Sericin 0 0 10 0 0 0 0 0
Fibroin 0 0 0 10 0 0 0 0
Sericin of peptide form (MW: 5000) 0 0 0 0 10 0 0 0
Sericin of peptide form (MW: 1500) 0 0 0 0 0 10 0 0
Sericin of amino acid form 0 0 0 0 0 0 10 0
Fibroin of amino acid form 0 0 0 0 0 0 0 10

YGroup C: BALB/c mice fed control diet, Group CA, S and F: NC/Nga mice fed control diet (group CA), crude sericin diet (group
S) or crude fibroin diet (group F), Group PF and PS: NC/Nga mice fed the fibroin or sericin peptide form which reduced a
molecular weight with 1,500 (group PF) and 5,000 (group PS), Group AS and AF: NC/Nga mice fed AS diet (group AS) or
AF diet (group AF) that was manufactured the same as amino acid profile of sericin and fibroin.

DVitamin mix composition: AIN-93 vitamin mix #310025 (Dyets Inc, Bethlehem, PA, USA).

¥Salt mix composition: AIN-93 G salt mix #210025 (Dyets Inc, Bethichem, PA, USA).

YCasein (nitrogen x6.25), 870 g/kg.
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Mi2totol=e] & &2t s £
APEEANA AHE FA% A4 222 Tris-HCI buf-

fer(1 M, pH 75% 37 polytronl.2 B3}y Zek9]
folch 8-} (chlroform:methanol=2:1 v/v)& 7}8F 3 3,000 X
g, 5% &t AAEe A 23] 9k £ nold 3lFdE
N; gas® AZRA 7] & 2% isopropanolg -3} hexanes
A 7Vvste] e 8 (045 um, Sartorius, Germany)ststh. o]
% sample2 HPLC(waters 1525, Waters Co., USA)E- o]-&
shed FAJsld o) Aol o] 83k columne type UG 1200250
mm X 4.6 mm ID, Shiseido Co., Japan)g AH8-5131 3 mobile
phase= hexane®} 29, isopropanol(IPA)2] &-§e)-& A&
tgd 2 flow rater 1 ml/min, 4%+ 230 nmollA &4
A TH24).

Serine palmitoyltransferase(SPT)2} ceramidase2|
mRNA g&eis}

A8 AAZEAL 1 cm’ 2712 Z2RA 100 mm? plates]]
dermisE- ofgf WhEFe g & ¥ HBSS(Hank's Balanced
Salt Solution:Gibco BRL)$} dispase solution{grade I, 2.4
unit/mL)& 22 ¥4 2 10 mL H7}sled 4°ColA 18412}
T AREAA 9 E Eefsiddoh #eE 23 246 tii-
zol reagent(Gibco BRL)E ©[-43}+] RNAZ 2] AHAlsx
24 260 nmel| 4] & 2kslgd el Total RNAL ng/uL)g— 65°C

ol A 1082k 7t sl a, 4°Coll A4 108 FoF W3k 3 1 uL
oligo(dT) 15 primer(0.5 pg/ul), 1 uL M-MLV RT(10 unit/
uL: promega, USA), 1 uL. RNase inhibitor(20~40 unit/uL:
promega, USA), 10 pL 5 X RT buffer(250 mM Tris-HC],
pH 83, 375 mM KCl, 15 mM MgCly), 5 pl. 2.5 mmol/L
ANTP mixture, 0.19% diethylpyrocarbonate(DEPC) 254
F A7Fste] 37°Co A 1A17F F9k 7 st cDNAE 343
gith. SPT(GeneBank accession no. D19271)(10 pmol/uL)<]
sense primer(5’ GACTGAGCCTTTCTGGTGCT 3') ¥ an-
tisense primer(5’ AATGCCATTTGGAGTGAAGG 37)%}
ceramidase(GeneBank accession no. AI662009)(10 pmol/ul)
2] sense primer(5’ TGTGGAGCAGAAAATCAAGC 3)
9 antisense primer(5’ CAACATCATGGGGCACTTAG 3')
5 77 344 cDNA(L uL)ell 0.1% DEPC-Waters} 37|
PCR-premix®ll #7}38}%] denaturation® 94°Cel|4] 1%,
annealing2- 65°Col| Al 1%, extention 72°CellA] 18 EaF
35~38 cycle(SPT: 35 cycle, ceramidase: 38)% A 33}<d
t}, SPT$ ceramidase®) fragment size® Z+z} 159 bp
(SPT), 103 bp(ceramidase)®] ™ PCR A &2 3.0% agar-
ose gelollA] #aldtgdcl. PCR A &9 oF2 housekeeping
gene?! GAPDHE- 7|#2 2 A #3s}¢l ©v] imaging densi-
tometer(Labwork version 4.6 UVP, CA)E Al&3le] &4
ahoict.

AZtete] 2o WA % 557

A M=

Rabbit polyclonal 1% 34 SPT+ primer sequence
(GeneBank accession no. D19271)% 7|52 2 3}°] whole
protein(560 amino acids)®] hydrophobicity2} antigenicity &
2913+ A3} 547~560 amino acid?) DRPFDETTYEETED
(14mer)F-#o] c-term £ FE YA 913 anti-
genicity$} hydrophobicity7} AHth4 2.2 Fo} o g A}
2-3t peptide® A 2F3}9d 57, rabbit polyclonal 13} &4 ce—
ramidase= primer sequence(GeneBank accession no.
AIB62009)F 7] &2 SPT9 22 whle.2 zleste] 167
~180 amino acid®?l RTEYKKIRDDDLRH ¥l carrier
protein®9] conjugationg ¢ 8 Y2 & cystines % 7}3te]
RTEYKKIRDDDLRH-C(15mer) & 3 28 A}-4-3 pep-
tide2 A)=2Fsle] rabbitel] F3tde). A QAL E A
Ao g Fgalslay AR HE F AL total serum
IgGE affinity column(Affi-gel, Bio-Rad)2 A}-£-3}o] A A
g F A2 A8t} 1ab Frontier, Korea).

Serine palmitoyltransferase(SPT)2} ceramidase2|
CaH =] Liu:{gl.

A EEAA AL AF A 23] oA Al
bovine serum albumin(BSA)S £F 92 %} bio-rad pro-
tein assayE ©]-4-38ted 595 nmellA] FFEE A8l A=
g thg 10% PAGE/SDS gelell A %17 é% |
cellulose membraneell F2A )t 9o W o g A ztg
13} 34| (SPT, ceramidase: Lab Frontier., Korea)—;r 4°Cel}
4] overnight incubation & ¥ PBSTE 1584 33] |3 s}
93}, Peroxidase-conjugated anti-IgG 23} A2} L4
A 1417 F3 #b-8-A12) ¥ PBSTE 33 Al ¥ sl e
ECL hyperfilm 2.2 i—]‘ 218k th 2 band®] intensity= B-
actin® wag 7|& % controld}4] imaging densi-
tometer(Labwork version 4.6 UVP, CA)E A}-4-3}o] A&k
ahod o}
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A¥ Ao 28 E SPSS, Ver 12.0 program(Statistical
package for social science)& ol&-3le] EA A=lslgdch
At 2 7 HaT RELAR Ve, 4 A
7ke] ¥l3LE one way ANOVAEZ 24 &k §F general linear
model(GLM) test2 p<0.05 &4 %3t

7] % nitro-

27 3 o3
Al I E o] Hxjak
Gel permeation chromatography(GPC)#&=] 2 o]-&8}o]
24 Azshi el $a1S Fig, 1o ehngdeh, g2t
Tl 2 F HAE HEyE 3R] & sericin(ST)

¢

o
mlo



558 A5 - A4 - Al - ol
400 —Mn: 68400————————————
M 65,300
a E |
|
3 Mz: 60,100
3
S 240
80
k] I
=
il
=
~ 160
5
080
000 + : . . J
438 453 469 ) 500 515
{Log MW]
1.96
/
Mz: 5,600
W; 3,340
(o}
157 Mif:5.030
> L
o)
Q
=
<l
=
< 07
E
039
000 J

37 340 362 385 408 430

[Log MW]

WE/ [dLog MW]

274 Mz: 101,700
\
b

219
110
0.5
000 . . — —

453 475 496 597 538 560

[Log MW}
323 er . eam
/’}WW'.IAGO
g Mz 1330

259 /
z
poe
3
il
Z
J 19
z

065

|
000 I

265 18 303 Y’ 30 361

[Log MW]

Fig. 1. Molecular weight (Mw) of silk protein by gel permeation chromatography.
a: crude sericin (group S: Mw 43,600), b: crude fibroin (group F: Mw 101,700), ¢ peptide pattern of sericin (group PS: Mw 5,410),

d: peptide pattern fibroin (group PF: Mw 1,490).

3} fibroin(F-)9] H+ EAF2 7k} 65,0005 101,70001 %
3, @38} sericin 2 fibroinell T B & AE o] L35}
B3 seto)=2) BApeES 5410(PST) 1,490(PFF)°)
Ak AE A feo 75A el s P2 ofn
2AF A dol whel oheFyt *Eal%*w AL 9le](25) =
19] Fejof me} )@ v1A= F o] thE F Q7]
TEA] Selo] =(STE Fit) @ A #219) selo]| =(PSTE,
PF)E AlZste 1 558 v E43te A2 Ands

Aoz ARt

Mztofo|=e| & &hatk vist

10579} 24+ Ale] FF F HPLCE ol 43le] &A1 CA
79 Algeto]l= & Fape A2 Fel CToll Hl3)
2 o2 Jolrh(Fig. 2). o]&= o}ey ¥ 1
2738} o] 2} 3] AR ﬂ—llﬂ%o] EAE R Alghat
o= FaFo] dAF FAaTE B i
(8,10,15,26)3%} A3} Aol slrt. AﬂE}U}OlFJ} K g
o] 9l NC/Nga mice®l] sericin® 2¢] H7}gt S-2] A=}

mtol= & gk AAdETA CF FEeIe s B3k
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Fig. 2. Total ceramides content in the epidermis of BALB/c
mice (group C) and NC/Nga mice fed the control diet (group
CA), crude sericin supplemented (group S) or crude fibroin
supplemented diet (group F), fibroin or sericin supple-
mented diet which reduced a molecular weight with 1,500
(group PF) and 5,000 (group PS), and sericin of amino acids
form supplemented (group AS) or fibroin of amino acids
form supplemented diet (group AF).

Values are mean=standard error (n=10). Mean with different
letters differ at p<0.05.
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o] o]& Alolol] 73t sericin 53], sericin®] F8 A Eal
serine(2F 30%°]4}, 14.31 g/kg diet)ol] 7]20&F A2 2 o
Zlth Serine> ot A] thate} Belsle{ A& glycine22 A
#2NE AqUAAe 2 ALEE L, EF A ouA]H e
29 ¥ nrts FERAE AT ADdEEARZA] ] 7]
= A A ZI A serine®] FE7} glycineel
vl 453 Erie & A7 AR 28 % rivd
e} A7 HR oA FA 3] 52 serine®] TS B
Tabachnick®} Labadie(29)8] A7 A3 E & w] E oo
A8 sericindl] ek &-Hr=o] gl serineo] £AME £
o AHrisg 2eg oz oAz

A, AzadilA fibroin®] Ao 3-5-2(F) 3= Alefwt
ol S AANETA CF FFEoAdEZE &8 FA
23l edl, ol & fibroinol] 519+ serine] FHako|
oF 129%(1248 g/kg diet) & S A]o](2F 31%, 14.31 g/kg diet)
B} o} &AbE R A7) eg by 3] Hekd £ES
ol 7o o AR} w3} sericin® fibroing #] ¥4}
o2 A3 ele|= Y2 o) FFT (PS, PR
sericin®} fibroin} o}r] Al B & HE A F3le] olr| =4}
He 2 Alo]FF3 T(AS, AF)S 5 AAERT CF
nla| Algfetelr= F ko] A3 Ikl

3 AFuA fao] v)SA Hele) = Wlg B
Hetel= ¥ o} 5 el ATHAE AHSUE o At
P2 FH] HEHoR ofd Q3 S el er)
st AHolrh A F7HA] vl A3 Al &spd oA ofv|
Abe g FaiEo] Fodvka AdEojg o, ofy Abd B
S(30)ell A thee] Hefo] =) Asfyblof A o] Haliv) A3t
Forebe e deol Fse] uhs ol =g ofn| At
o} dipeptide 1= tripeptide] &7} E3-4do]glow &
5 oln|e4ke] pattern® 2] otr| mAal-S E3hEte R
g AR o]z Jert FAs s 24 o)z
32 QIvhH31,32). ol 1A WA 4H thiAde 2 A
A Aeto|l = Hel 2 oA T 9l Helelm 4
AE E3td Fedol ¥Exl ¥ oS 45HE dx 9d
(33). A, AEA=F] Hefolrr] 43 © Fv) $ol3)
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slof Bstelr] WEel Aetol= Fehol ula) A F47H
25t s, W% PS-PRT-& A ¥l Hriol= Jel2
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FrE g8t eH meu e s %el4e 7Y
24l oAt AR U3l A RAE A= ofv]

AR R Aol Akt = ke A
23 AeR oA

olF Aztutel = F Jego] AANET U olEy 2T
o vl E FA3| XL PS-PFEH AS - AFFY t}E
A= AAFA ghet

SPTEl mRNA ¥ proteine| &
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Fig. 3. mRNA expression (a) and protein expression (b) of serine palmitoyltransferase (SPT) in the Epidermis of BALB/c
mice (gorup C) and NC/Nga mice fed the control diet (group CA), crude sericin supplemented (group S) or crude fibroin
supplemented diet (group F).

Values are mean T standard error (n=10). Mean with different letters differ at p<0.05.
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Fig. 4. mRNA expression (a) and protein expression (b) of ceramidase in the epidermis of BALB/c mice (group C) and
NC/Nga mice fed the control diet (group CA), crude sericin supplemented (group S) or crude fibroin supplemented diet
(group F).

Values are mean=*standard error (n=10). Mean with different letters differ at p<0.05.
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