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Abstract: Natural moisturizing factors (NMFs) are hydrophilic and water-soluble components in stratum corneum
of the skin. NMFs absorb water from outer environment and enhance the water-holding capacity of stratum corneum
and thereby, prevent the dryness and increase flexibility and plasticity of skin. NMFs are mainly composed of amino
acids and their metabolites that are produced from the degradation of filaggrin. Here we established a simultaneous
quantification method for 22 amino acids in tape-stripped stratum corneum samples using UPLC-PDA. With this
method, we analyzed amino acid contents from tape-stripped stratum corneum samples of forearm and forehead re-
gions from 15 healthy volunteers. Amino acid contents of inner (or upper) region were higher than outer (or lower)
region of stratum corneum. Amino acid contents of stratum corneum of forearm were higher by 1.5 fold than fore-
head region. Of note, total amino acid contents were significantly and inversely correlated with trans-epidermal water
loss (TEWL), an index for skin barrier function. Especially, Ser, Glu, Gly, Ala and Thr were determined to positively
affect skin mositurizing activities. In conclusion, we could demonstrate that amino acid contents of stratum corneum
are closely linked with skin barrier and moisturizing function, providing an important and fundamental methodology
for the study of amino acids in skin physiology.

Keywords: amino acids, human stratum corneum, natural moisturizing factor (NMF), UPLC-PDA

T & A A (e-mail: kmjoo@amorepacific.com)

75



76

1. M

rhu

T 4-2] 7} Z(stratum corneum, SC)< 3
9]z} Foll TA kL, 2Rl A4 Askar
oA o Za s ddshe sr) HArAel wa

=
Kl 2=

=
o= HE 10 % °1’4S] o]
A& A ol=d,
AAZERE BAE ey
v AT A-RE o] Folx] glom, T ¢ IR,
A AR5 R (natural moisturizing factor, NMF) 7} &
At TR AxE F2 BY 9 ASoA dojuys=
W3} wtol A= ZAoRE dulA glon, R3] AT
FolME B9 o A3hs sk TN Yoy
et Az Rl FQ3 doz Azt Qi) 7
ZI) 5 B Asletd] S A B2 A7) o] Fo) ]
3L Sl 53] Al 7EA Q41 917, ZH AlaETE A,
A U] NMF % 243 (desmosome) 2] -3l el <]
o] g Fo] Fesit I AdTF T

=
=

N

ofy Mt 1Y
i)
-

o

o
<

14

L=RICN
RLE .

dr ) rlo pob 1Y

_E
O
ofd ot

Moy

2

B

o o

to M
30

—E’
&
S
2
o
olr
o

rir

f
i)
2 9 o ofj o 24 A

db N (o M e

i)

oly
BN
)

rreow

Bl

i,

oy

o Al
e
N Qj;
oL Lo

J

>

ol
-

oy Iy N
2
%
z
=
Z
o

ol
o,
oo

-
4
o
ok
)

> to o R
Mo
f
do
olr
|
-z
N
O
)
o
S
rlr
ofr
o o

ol
-
rlr

N

o oX
oX,

i,

o

2
=)

kr

T
=
N
N
N

o

=g
xS
N ot
w, 1o

ox
o
)

|o
%

=i
9le-0] RuFETH5-8], w3t Hep 129
Z o] ARk

&
101 ofr)ieato] I o] W EAdEel F g

N,

an!
i)
o
o
ofo
ol
ol
£
)
)
)
b
b
1o,
N
()
ol

o
©

NI\
o
ol
o
2
43
i)
ol

S oAl o
Hep3y ATE §

A ST 141

o

s
—_

uietalggeta] =), Al 378 Al 3 &, 2011

i =pdlh i

CERREE LR

—_
[@2]

2V & opu] Ak} ofu] ko] o
z AeHE 248 -
2 AT E HF
FS Sk HadAkEA 42
7 obm| Ak 45 (Trans-epithelial
Water Loss, TEWL) ¥} s Zh =R Lol
2} 222 o xARS FA g e AYHE
UPLC-PDA (Ultra Performance Liquid Cromatography-
Photodiode array) & ©]83t] gsi3iqict =
stripping & ©]-&-3sto] A7st A A2 Y]

YR2FEH AFH AR Fo ol 2 BXE

= P
stal i

S
&

X

=

al

2.1. 7171 & Al

B ESEF(TEWL) Sl AH-E 71715 Vapo-
Meter (Delfin, Finland) & AF-5131 © ™ HPLC= AQUITY
UPLC-PDA system (Waters, USA)& AHg-ste] A8
3l o dlolE 2e]+= Waters Empower Pro software
= AFg3F9tl Microplate Reader™  Spectramax190
(Molecular Devices, USA)= ¥1%2]7]+= Eppendorf
(Germany)AFS] 5810RS A3t

HPLC ©]54 AccQ-Tag Ultra Eluent A, B (Waters,
USA)E AFE3131 2.1 Sodium dodecyl sulfate, propylene
glycol & 22%F°] olu]:-AkS L-Alanine (Ala), L-
Aspartic acid (Asp), L-Asparagine (Asn), L-Arginine
(Arg), L-Glutamic acid (Glu), L-Glutamine (Gln),
L-Glycine (Gly), L-Histidine (His), L-Isoleucine (Ile),
L-Leucine (Leu), L-Lysine (Lys), L-Methionine
(Met), L-Proline (Pro), L-Serine (Ser), L-Threonine
(Thr), L-Valine(Val), L-Tyrosine (Tyr), L-Cystine
(Cys), L-Tryptophane (Trp), L-Theanine (The),
L-Phenylalanin (Phe), 7 -Aminobutyric acid (GABA)
< Sigma (USA)AFIA F-dakaith ofv|eAt &
EAFA kO R AccQ-Tag amino acids derivatization
kit (Waters, USA) & AH&-51%1 2™ PBS buffer+= Lonza
(Swiss)AFS] AlHE ARE-aFITE Tl ko] AR
AleF2 Pierce BCA Protein Assay Kit (Thermo scien-
tific, USA) & AH&-sHith =2 Millipore (USA)AF Water
Purification System®] d59 =& AH&F3ITE 244 A
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A& oz AFHI 24 AlF H o)L 534S 20 mL
-2 wle]deol Y PBS bufferell 0.1 % (w/v) sodium
dodecyl sulfate/2 % (w/v) propylene glycol®] ¥ TS
Azg o 5 mLE Wol ARl 1 h &< wiFE
st & 1 mLE FHshed 4EE(12,000 rpm, 4 C, 5
min)3te] A5 NS Ao 7 L) HHFE BEES
bicinchoninic acid protein assay kit2] BSAE A}g-5}o]
25 ~ 500 pug/mLe] HFHE XFNS Azt Al
5 9 BFd 7+ 25 uLA-S F3ke] bicinchoninic acid
protein assay®l< ©]-23F] 96-well plateol] F s} 37
TollA 30 min?F ¥H3-A1Z1 3 Microplate Reader @ 595

H
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nmel A Zsto] SARS RS
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FAB, opv it BEEG L 24Pl FEF

HANE 20 ulA F3ke] HPLC o]l Yal AccQ-Tag
amino acids derivatization kit®] =43} A2 = borate
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Table 1. HPLC Conditions for Determination of 22 Amino
Acids

Operation condition of HPLC analysis

Column ACQUITY UPLC AccQ-Tag Ultra
CI18 (2.1 x 100 mm, 1.7 mm)
Mobile phase A : AccQ-Tag Ultra Eluent A (buffer),
B : AccQ-Tag Ultra Eluent B (1 %
formic acid in Acetonitrile)
Time (min) | A (%) B (%)
0 99.1 0.1
0.54 99.1 0.1
475 93.5 6.5
7.74 82.5 175
8.50 82.5 175
8.70 404 59.6
8.90 99.1 0.1
10.0 99.1 0.1
Flow rate 0.7 mL/min.
Injection volume 1 uL
Column 60 C
temperature
Detection PDA 260 nm

buffer 70 uL, Flour reagent 2A 20 uL& Yol & &=
4101 1 mingt Aol B2 § 55 TellA 10 min &<t
SAA FFFEAS e ANo® sklom el
A 33 W SAsith

BT 2

-

2.6. HPLC =

4 A& ACQUITY UPLC AccQ-Tag Ultra C18
A9 (2.1 x 100 mm, 1.7 ym) = AHE3F1 oW o] -
AccQ-Tag Ultra Eluent A, BE ©] &3} 3wz
o7 AP o HE xS Table 19 YeERYAT
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& U= (MINITAB® release 14.2, LEAD Tech-
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ZPAA S H O R HE] A 0% ofn| ks FES}
71 S8l FE280, FE=A17F 52 o8 7HA 23S A8
sto] H2 FEHS ARSI 580l Aot
=Ak(free amino acid) @] FEES F°17] fl8ke] PBS
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AP 2E9FE7]E ol&st] FF Al HAAREOR
1 hl& =lste o] F Aol 247k 1 he 274
SFAT

ANZ2RE FZ38 ol AR AccQ-Tag™ B4

=Ag WS ol8st] UPLC-PDAE ©]8-38ko] 4]
3}tk UPLC (Ultra Performance Liquid Chroma-
tography) ™M+ 2 um ©l3ke] #-e gz} 272 RS
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Table 2. Linearity Results of 22 Amino Acids

Compounds  Equation for regression Corre?a.tlon
doefficient
His y = 4910 x + 200 0.9994
Asn y = 5640 x + 714 0.9993
Ser y = 6190 x + 287 0.9949
Gln y = 4320 x + 187 0.9989
Arg y = 4010 x + 316 0.9990
Gly y = 9330 x + 418 0.9977
Asp y = 3310 x + 465 0.9861
Glu y = 3230 x + 850 0.9892
Thr y = 5300 x + 280 0.9937
Ala y = 7440 x + 193 0.9917
GABA y = 3860 x + 300 0.9842
The y = 3890 x + 654 0.9981
Pro y = 5340 x + 260 0.9952
Cys y = 5350 x + 663 0.9992
Lys y = 5260 x + 338 0.9853
Tyr y = 4570 x + 391 0.9998
Met y = 4940 x + 178 0.9977
Val y = 5520 x + 267 0.9932
Leu y = 4960 x + 300 0.9941
Ile y = 5070 x + 282 0.9940
Phe y = 4940 x + 450 0.9998
Trp y = 3990 x + 347 0.9999

L-Histidine (His), L-Asparagine (Asn), L-Serine (Ser),
L-Glutamine (GIn), L-Arginine (Arg), L-Glycine (Gly),
L-Aspartic acid (Asp), L-Glutamic acid (Glu), L-Threonine
(Thr), L-Alanine (Ala), 7 -Aminobutyric acid (GABA), L-
Theanine (The), L-Proline (Pro), L-Cystine (Cys), L-Lysine
(Lys), L-Tyrosine (Tyr), L-Methionine (Met), L-Valine
(Val), L-Leucine (Leu), L-Isoleucine (Ile), L-Phenylalanin
(Phe), L-Tryptophane (Trp)

3.2. O|0te} MEtE (o] ofn| =4t St

FUql9] ojule} MuE-2lo A ZAS tape stripping
st A2 A RE FA8F] otv|wAal S Table 3,
Figure 29l JERARITE Figure 2+ 24 F-$'d, 15 20|
W 7} ol Ake] X2 ullS HA|EI o A=
Table 3l ZA]8}T}, o] W] Auk2 Ser » Glu » Gly »
Ala > Thro] 02 oln|-ato] shefo] 9kow oju}
+ Ser ) Glu ) Gly ) Asp » Ala ) Thr®] =© 2 glgfo|
=94t Aukol A FEE ofu| Al R uled 2 o] 7o
BuE A5 A3[2,16]12 AL FAMIR oM olnle] A
S5 A 2R S FoR oiE) A9 otu]
ZA) % Ser, Glu, Gly, Ala 59] &&o] & 712 2
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Table 3. Amino Acid Levels in Skin Stratum Corneum of Forearm and Forehead (mean = SD, N = 15)
Forearm (umole/mg protein) Forehead (umole/mg protein)
Amino acids
Tape 1 ~ 5 Tape 6 ~ 10 Tape 1 ~ 5 Tape 6 ~ 10
His 0.058 + 0.013 012 =+ 0.057 0.040 £ 0.015 0.11 + 0.038
Ser 0.39 + 0.133 074 + 0.32 0.15 £ 0.065 045 + 0.22
Arg 0.035 + 0.041 0.055 = 0.037 0.031 = 0.011 0.017 = 0.014
Gly 0.21 + 0.081 041 = 018 0.073 + 0.033 0.082 = 0.033
Asp 0.057 + 0.029 0.11 = 0.061 0.072 + 0.027 021 = 0.11
Glu 0.228 + 0.066 041 £ 018 0.14 + 0.051 0.19 = 0.089
Thr 0.086 = 0.030 0.16 + 0.066 0.041 £ 0.016 035 + 0.14
Ala 0.17 = 0.055 0.34 + 0.015 0.049 £ 0.028 0.11 £ 0.049
GABA 0.021 = 0.006 0.035 = 0.012 0.011 = 0.015 0.14 = 0.072
Pro 0.034 + 0.018 0.061 = 0.028 0.009 = 0.007 0.033 = 0.020
Lys 0.030 + 0.013 0.054 + 0.031 0.025 = 0.005 0.062 = 0.025
Tyr 0.015 + 0.006 0.027 + 0.012 0.010 = 0.002 0.022 = 0.008
Val 0.044 + 0.012 0.078 £ 0.030 0.025 £ 0.008 0.064 £ 0.025
Leu 0.019 + 0.005 0.037 £ 0.015 0.012 £ 0.004 0.033 £ 0.013
Ile 0.017 = 0.005 0.037 = 0.010 0.015 = 0.004 0.039 = 0.015
Phe 0.010 + 0.003 0.017 = 0.005 0.007 = 0.003 0.017 = 0.006
Trp 0.005 + 0.002 0.011 = 0.006 0.003 = 0.002 0.008 = 0.004
w dupe] % 27 BREQ ~ 5)9) oulwal G
. 1.44 + 0.42 umole/mg protein®] 3L FZ(6 ~ 10) 2] o}
g Ak ek 270 + 1.12 pmole/mg protein®] 1 2.
H olule] 9 ®Ho] (.72 + 0.25 ymole/mg protein, ¢H
0] 1.96 + 0.85 ymole/mg protein®] &S ERSITE
Wi fon St Ag iy Ao Glu T Ala B8R Pro Ly Ty Val Ll P Tip FEHI}F ok 9] ofu| At SMEE Ul A] QF& Q] o] At
8o shef2 Auty) ojul BRoA wwo| Hld| gheko] w9t
" om golHel A3Hp ¢ 00590 1T W <

0.8 o'1-5'

umole/mg protein

His Asn  Ser @in  Arg Gly

ASp Glu Thr Ala @4BA Pro Lys Tyr Val Leu lle Pne Trp

Figure 2. Amino acid levels in skin stratum corneum of
forearm and forehead: Tape-stripped samples of stratum
corneum from forearm (A) and forehead regions (B)
were analyzed for the levels of amino acids. Amino acids
were higher in deeper stratum corneum regions. Data are
presented as mean SD of 15 healthy volunteers.

depdo] o] ofvliAto ® o] glom Hek
o] EalFH o] o5 ob|iAtEol AAE How A%
gt

F4 oA 7 ol ® Wi(Table 4) 3

9] olw] A4t Eefo] W& AL flagerin®] 317F deeper

epidermis <, stratum corneum-stratum granulosum®]
A ] dojub= Zlog HuEglow[917] BEE
A3k olx1e] At} A3k

e ohuliedt §S AR Fe asielth
1 ~ 571409 24 Elo] = Alg g B 599 of
At 24 L2919 S Figure 30 YERIQleH 1 4
I 7} opu| ikl RS- ojwirTh Hute|l A o Fos
= SISO Table 42] AA| & & Aol e A
uko] otu] Ak SheF(F5F 4.14 + 1.35 umole/mg protein)
o] oJule] oju-Al FEH(FHF 268 + 099 umole/mg
protein) Bt} 159 %43 ol AR SR F2X(p ¢
0.0D)°] AF& a3k

Al Az A (A 678, o4AF 998) 1] AtolE
ot A} 54 Fod, 74 Zlod opw|iAke] 3k
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Figure 3. Comparison of amino acid levels in skin stratum
corneum between forearm and forehead: Tape-stripped
samples of stratum corneum (5 tapes) from forearm and
forehead regions were analyzed for the levels of amino
acids. Amino acids were higher in forearm than forehead.
Data are presented as mean SD of 15 healthy volunteers
(FA : Forearm, FH : Forehead).

Table 4. Total Amino Acid Levels in Skin Stratum
Corneum of Forearm and Forehead by Skin Depth (mean
+ SD, N = 15)

Skin denth Forearm Forehead
P (umole/mg protein) (umole/mg protein)

1 ~5 144 + 042 0.72 + 0.25

6 ~ 10 270 + 112 1.96 + 085

total 414 £ 135 2.68 + 0.99

Paired t-test, *P < 0.05

o) S T3 214 5 ot 21
B Aol Pl SR (TEWL) & 7214
OF 3, WY ohumAIgS e AOE 573
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vl ak SRS Blwetd duke] opw|Ab FEF(4.14 +
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mg protein) Bt} 1 om o] o}u|pAle] slako] o

B9k Hiwol BUSE BAY = ANk Figue

uietalggeta] =), Al 378 Al 3 &, 2011

1 Q7L - QA - 2
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Cosff. = 0 524
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i 9.00
&
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4.00 L ; :
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Total AA (umoles/mg protesin)
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0.6 |
e Olow TENL
e 05 f
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|4
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2
=+ pp b
A Ti
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Figure 4. Relationship between amino ac1d levels in skin
stratum corneum and barrier function: (A) Correlation
between total amino acid levels in stratum corneum of
forearm (5 tapes) and trans-epithelial water loss (TEWL)
of 15 healthy volunteers. Correlation was analyzed using
Pearson's correlation analysis (B) Comparison of amino
acid levels between subjects with low and high TEWL (N
= 4). * represents statistical significance (p < 0.05), Student’s
t-test.
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