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Keywords - genetic engineering; tyrosinase; melanin; sunscreen

Ultraviolet (UV) can induce severe skin damage, including skin
erythema, sunburn, pigmentation, aging, loss of elasticity and wrinkle
formation etc. It can also affect skin immune system and increase the risk
of skin cancer. The markets of the sunscreen cosmetics are quickly
growing. At present, the problem is that most of the sunscreen cosmetics
can protect the skin from UVB damage, however, they give limited
protection to UVA. Since the melanin is the best UVA and UVB absorber,
we plan to express high-level tyrosinase, the key enzyme of melanin
synthesis, by using genetic engineering techniques, and produce the
commercially valuable materials.

In this project, we clone the tyrosinase gene from Streptomyces. And
we also screen the transformants for high melanin production
microorganisms. After purification, melanin was added to sunscreen
formula. The UV absorbance spectrum, sun protection factor and skin
protection efficacy of the melanin containing sunscreens were also
examed. The key experiments of this projcet are shown as following.

1. Cloning of tyrosinase gene.

2. Screening of the high melanin production host.

3. Isolation and purification of in vitro synthesized melanin.

4. Evaluation of the efficacy of the melanin containing sunscreens.

High level produced melanin is not only applied to the sunscreen
cosmetics, it can be also applied to other anti-UV products. For example,
melanin can be added to the car glasses, eye glasses and plastic materials

for UV filtration. Because melanin has many applications, it is worth of
development and is useful to private or government companies.
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= stEB4E:
L ATAREE R

23R B EABRIbE A AIEE

= HRRFE

MEAARTLARMRY » PG TFHBARE EARKEDY
BeRMMm o ABRBHBEENIG eI R FRGEE - X B
(Mivchielutte % A, 1996)~ & J& 4 2 (Pathak, 1996) - #4t (Goihman-Yahr,
1996 ; Billek, 1996) ~ fit 4 (Billek, 1996) B %.7& % %% 18 (Walker and

Young, 1997)% P} %8 -

ook EREN A A (UVA ,400~320 nm), %44 B
(UVB, 320~280 % 290 nm), % #+4% C (UVC, 280 % 290~230 nm) * £
¥ UVC TTHARE IR AAABARZER - @ UVB & UVA Rl
EAR @A ARG E « KoMk k4 UVB $LE M K# 300 nm £ 4 7T
FERBAERRAAR AR ETIiHRRENBG X
(Erythema) » Mk &k AR 300 nm YRR TEFELFHAELR » Bt

ThMEE EmELAREFE SRR EFRIL -

Betiaugarnglthika  TEEARSAMAE AR
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ShrB C BERAGBAFEARLE AN EARETRYFIRRIUI
B4 yuva A UVB #Kik) BsbiadBA BEGEME - Lot a4M
BARGEEFW@EAMAER > REFHBRBEALCHAEL  §REK
FRAUNZ B A * FAER melanosome LEN  HERX SR HAETE -
ABERE - LRREBYEEL - o FARBRETRMENE LA
EEEMME ) CETLEAARMEFREEFRLLRMRL G

FoRFIAM S ERBREORE LS EAMAR SRS BEA B Eip

B -
tyrosinase — y,0q
( R . OmCOZH dopachrome conversion
OH dopaquinone 0 g‘ H P\ factorimetals
" dopaﬁhrome \
HO2C "2 HO COoH
tyrasine L 02 HOSy 4 HOp s £04H
N => EUMELANIN <= + 2
tyrosinase HO _H HO H Homﬂ
N , 0 iSdogo DHI DHICA
l/(DOH tyrosinose rgo
HopC™ NH2 Hopc™ NH2 cysteine
dopa dopaquinone
OH OH
N
RSF@ > R_@s%S
SN e 3R
Hopc NHz N
2L PHEOMELANIN trichochromes OH
cystieinyidopas
fdopoquinone H
tyrosinase OH
N dopa R N, COoH
g

Bl 1 * Tyrosinase #REFHREBEZAE

-7-



NSC88-CPC-E-041-001

BERREAME A R A% 5 5 L3 % A ko ABE ~ REAMEHE mA
TAH DNA SR THBREMARNEIAN G LB MEZRL L
& o &R B K BE R85 K operon s B & mel C A BS B EERE A B Arfide B
BEHARZAACMARER LT TRELFR MelCl B G T4 st
MelC2 Zam =464 > 7T ¥ 8h MelC2 & & fLsak 744 & MelC2
Zadynik o Bk MelCl & & T 4t & MelC2 %& & & chaperone (Chen %
A0 1993) - A4 B K Tkeda F A(1996)%F 3 odfki i 2 SRR RS A B L%
SR ;—1[5.] X 4 3% & (open-reading frame, ORF) » gt ORF #,4- 378 base
pairs (#%4p % & ORF378) T 1§ 15 44 B4 A &% M A& B 3% 7 (transform) 4 /& & 2
B AR BENEIE M AR 110 4% -

B AT P 6 B A R PR A MR T 5 B AL L R S by KB
BATT & ¥ A eib 4> A Para-aminobenzoate(PABA)47 4 47
Salicylates ~ Cinnamates » Benzophenone - Anthranilate % » 1 * 254 A
ABYCRINR - WA 5 R F B ¢ 54y & Titanium dioxide (TiO,), Zinc
oxide (ZnO)¥ - JLFARM T R BFR 4 UVA & UVB o 14 F 10244 1558
ERRBRUAT| ARG R AL L BE ) K SN R (G & 280, 290~320nm) o 5] o
Salicylates ~ Cinnamates & Para-aminobenzoate (PABA)#TA M % » 128k
AATBATERAARE L& RENYRIIREETETE UVA RASH > %

1€ F &9 s #7 & Benzophenone - Anthranilate % » i3k g 4y 5T Bl &k £ K
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7 320 nm #9F TR SMER o SLEATY R AR o 60 4R 85 R A& JE e RSB K
Bl bR i85 B 45 5L RSB E B B AR A o W3R Dy ol ALY R B B R R K
Mo RBTEHRLESPELEADELETREANENLEIH B A
BEMAGERS RS » BbR % 3L SR B A LA 1E A 1
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LIRS
(1). ## Rzt
1.% #%: plJ702; pAK114; pAKI114-ORF378
2.#i #8: Streptomyces castaneoglobisporus; Streptomyces antibioticus
3.4 9 4% o3 1% : Spectophotometer
4.SPF 7] % 4% Labsphere UV1000s
8. % J§ &% +t: Minolta Spectrophotometer CM-508i
(2). FRF ik
AH 1
B ERGIR YA HET 5 E
plJ702 (2 mel C A B = F #%) (Lee ¥ A, 1986; Ikeda %/\, 1996 )

pAK114 (2 mel C XA Bz high copy number % %) (Ikeda % A,
1996 )

pAKI114-ORF378 (43 mel C /A B & ORF378 = & #%) (lkeda % A,
1996 )

4 18 &b 1t 2 H 82 4 3] 8 A (transformation) 2 Streptomyces
| castaneoglobisporus; Streptomyces antibioticus % » KBS EE L
EFEANE  BESHRBECE R R RR T ESI R
WAL o AR BB E R S SRR T8 59 B AT HRE o

B. B&RENE%& & H #1 mRNA 537
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WBHEN S BITERAEN  FMLETRERELS
% #1 mRNA 4-# (Bernan % A, 1985) -
C. Lottt RA LRtV

BB AL A B E T o 2B BT H A&
FiEhEABET BB EFRABENEFIHETEIL REF
BT ERAREEE R MR BILR -

D. % Sh& R k3R T

8 4 47 2 Py BR A 5D BA TS U 15 BOR] F AR R TR Sh R RO o
Fikdo T

L REHRFAR] A0S -
2. % 10ml ARBERIEM o R HiEBAUANARLEARERE -

3.8 1 ml Ao 9 ml FHMER T SRBATHERFEZ R A2

REREA0.01 %
4. T 2ml 2R AR ER IR BRARE P -
5. Wb s LR M 0 RIE A BRI FALE -
6. 4 A 250~400 nm & IR AT 4 5b K SRR RIE -
E. SPF {& i % :

#| A In vitro SPF :8]3X4& (%! KX, UV1000s) 8] & 4k &&= SPF 14 >
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T iEAR R AR T iR 3RAE

1. B €.k b Transpore tape 2. G 3% KB ° #2 25mg (2 mg/ cm?)
Z ik & b F 7 Transpore tape (Diffey and Robson, 1989) E -

2. AFHEFHEROI0~15F b Pz o Hmn kB R L -
EAULEF > BRMES Atk & o

3. R AHENH2 45 -

4. & 7§ — K baseline B & » 3% £ B 100 %05 %A -

5 MRS B—HhaRDREER  BRERFHMETIH2 SPF
{4 + 4% 280~320 nm 2 320~400 nm Z F &y RIUAE N H D F

- #A UVA/UVB E3f:tHEZERZL UVA (¥ A E 23 H42
##4T UVA 153 2 F 304 -
F REEEHRE
CAREFHFABLEEZRRNEB YRR AR LG EEE S
PFEE A > 20 4B A LB BRI B B R R ERIML LT & FFIL -
R ECFLLEA A LK & FHBITHRR > FIER L Minolta &
FE R EHRBRB R K TIRAAMLZ & & &y L*a*b*{g - tb#x &
18R X AR L*a*b*a sy £ 8 o
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NCEXR:
6.1. H# pl702 A EcoRV 4R » TELFE— K KA S5Tkb; oA Smal

VR TEAZBREEHA 42,09, 0.6 kb > #tax KR4

B2
BamHK 1)
Smal(32>
Apak5447) Xhol(42)
Smak3319) / SmaK227)
Kpni(52885) P TH Sali(483)
Psti(4932) < Bell(8 { 2
BclK4807) Neol(S | 03
Sphit454 1) NotlC) | 28)
Smal(44 19
Bglii(4376)
Sali(4 | 48) Apal(1 476>
Sacl(4 1402
Ncol
SalK360 1) Bcffzo;” ;{;)
Salk3334) el (';d;‘é% ? 103
Bcl(3247) | EcoRV(27 [ 4)
Pvull{2957) Nru(27 1 83

Nrul(2917) Sall (2828)

B2~ &g pl702 2 A B
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6.2 BEe kAR
B A7 &9 mushroom tyrosinase (Sigma)X B16 melanoma cell B 4%
B4 Bz B &5 - BX 1400 units mushroom tyrosinase Az A 50 ml L-tyrosine
(0.1 mg/ml PBS)¥ » # 37 CHE 4 o5 THRIFEEEF  HE
SRR A B 3-1 AR 0 EBRYCGEEMAE 280 nm Mg 0 R
BARKEERRE UVB~UVA > @@ HE UVB 2 FEAHT 678
% ' UVA ZFHERHFTF 7.76 % (B 3-1) > ERBETALLSRZE

EFTEA RFZRIMGERBAR -
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DOIROROND Y

©1.1150 |-

Melanin UV [r¢Eg

1.4880

0.7420

1

260

355
wavelength (nm)

450

scan 1 of 5

B 3.1~ BEFZRIMRBME
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Labsphere Ultraviolet Transmittance Analyzer

Samp le:

Operator:

Client:

Comment:

Date:

Time:

Wavelength Range:

Units:

# of Scans:
Mean:

STD:

coVv:

UVA Ratio:
Star Categor y

S SPF

1 24. 99
2 25. 58
3 24. 50
4 24.67
5 25. 47
6

SPF Report

Melanin UV WEIKOEER

2d

28 Aug 1998

11: 29 am

290 - 400 nm
SPF T( UVA)
5 5
25.04% 7.76%
0.48% 0.04%
1.90% 0.57%
0.82

koo x MAXI MJM
Critical

Wavelength Scan #
386 nm 7

386 nm 8

386 nm 9

386 nm 10
386 nm 11
12

T{ UVB)
5
6.78%
0.47%
6.86%
Critical
SPF Wavelength

B 3-2~ BE&FZRINRBRIAE
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ATRILEHFZAAS AR T RIEE AR RIL S80S 5%
BEE4Y) - RAEMME 4 NFEEZE 244872 /5% (B 5) -

—o— +Tyrosinase

—&— -Tyrosinase

140 L
120 |
100 |

80 L

SPF

60 L

40 |

20 L

O v e A + A—— 4 A

70 140 210 280 350

Tyrosinase Con. (units / ml)

g4 Tyrosinase ;w1 2 ¢, % & ey p &
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—e— +Tyrosinase

—&— -Tyrosinase

A Y N S G— A
O hr 4 hr 24 hr 48 hr 72 hr
Time

B A MHZEEE TN Y
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63 REEKMBIH -
%é%z&m%m%z—%%ﬁtkm&%#z%ﬂ&xﬁ’%T
R EAMRS > RAPERZEY  BREMHFRLEWEEFREA
KEM o BFAAZ R EFiRS 045 um ZiBEE  BEANKRZIEEE
SRR EE IR R LRBT 95% R EZBEEMAERA 045

Um Z 388 A o

20-



NSC88-CPC-E-041-001

PODPODHOLD Y

Melanin @&MAT&Z LK

2.0105 T
ﬁ
\
1.4720 7
0.9336 |
0.3951 —
250 350

Wavelength (nm)

450

scan 1 of 2

al

B 6-1 ReaFBRATRZ L
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Labsphere Ultraviolet Transmittance Analyzer

Samp le:

Operator:

Client:

Comment:

Date:

Time:

Wavelength Range:

Units:

# of Scans:
Mean:

STD:

cov:

Scan # SPF
1 74.73
2 74.63
3

4

S

6

SPF Report

Melanin AT LLEE

7/12 make
15 July 1998
10: 06 am
290 - 400 nm
SPF T( UVa) T( UVB)
2 2 2
74.68% 2.14% 2.30%
0.07% 0.29% 0.14%
0.10% 13. 40% 5.88%
Critical Critical
Wavelength Scan # SPF Wavelength

387 nm 7
387 nm 8

B 6-2 2 & KBIEATE Z L
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6.4 REFBTRSH:

BRI B ES g0 Cr ATHEZREFTZI R LRII4
NA GRS REBEPELHE > RLBITREEFTHRENH © Ao
AR AB 0, 5,10, 15, 20, 25, 30 74 > AnBR LR AT R EF 2K
SPRBYLRIE > BRET BB REEFZ R LK KRB B ER

222 A qpr AT ERABAYE (B 7)-

Bekzhixgh

140
100
o, 80

& —e— Heated

60 —&— Control
40 |
20

0 1 1 1 J
0 min 5 min 10 min 15 min 20 min
Time

B 7~ REeERBTRR
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Kowax K-32 8.5 8.5 8.5
Liponate SS(steary] stearate) 2.5 2.5 2.5
Lipovol MOS 70 8.0 8.0 8.0
A Finsolv TN(cetyl lactate) 1.0 1.0 1.0
Uniphon P-23(propyl paraben) 0.5 0.5 0.5
Parsol MCX 0.0 0.0 6.0
Unimer U-151(PVP/Hexadecene copolymer) 2.0 2.0 2.0
Unieide U-13 (methyl paraben) 03 0.3 0.3
| Liponic EQ-7 (Glycereth-7) 3.0 3.0 3.0
Liponic 70 NC (sorbitol) 2.0 2.0 2.0
B Pentavitin (saccharide isomerate) 2.0 2.0 2.0
Lipowax P-31(cetearyl alcohol and polysorbate) 1.5 1.5 1.5
Melanin
Water
Total volumn 100ml 100ml 100ml

% phase A & phase B (EWWAREF)D A B E g0 °C
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oS TRORD Y

Melanin P,#&

0.3544 I
0.2362 B
0.1179 " b
BroseNA
-0.000 =Rk P s srmm o ot
250 350 450

Wavelength (nm)

gcan 1 of S

M g-1

B EZRINRRI
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Labsphere Ultraviolet Transmittance Analyzer

Samp le:

Operator:

C 1i ent:

Comment:

Date:

Time:

Wavelength Range

Units:

# of Scans:
Mean:

STD:

Ccov:

UVA Ratio:
Star Categor y

can # SPF
.06
.05
.05
.05
.05

[ S Sy

SPF Report

Melanin ¥

88/7/7 3M
0.0250-0.0159
7 July 1999
5:27 pm

290 - 400 nm

SPF T( UVA)

5 5
1.05% 98.86%
0.00% 0.24%
0.33% 0.24%
0.13

T( UVB)
S

87.11%
0.38%
0. 43%

- Too low for a UVA claim

Critical
Wavelength Scan #
372 nm 7

372 nm 8

362 nm 9

364 nm 10

364 nm 11

12

Critical
SPF Wavelength

B 8o~ BEEZRIGERILAE
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6.6 LEEKHBMAHLREEFNVE

ATHRAZEFHRILHSGHEZFEFHBERE  NEAY aRE

BATE G RAIERRR - H AL FHPIMIAE LR 20 om’ 2
BB 2 R AR E F AL 0 20 484 A A & B &F:F (Minolta
CM 5081) bk & 4k by Bl R K BRI & J§ &% L*a*b* &4t - LR
IR BEBAR

REiphkR et ak LAKSHEFRADHS

&)’E%szﬁlthﬁ\%]‘é‘)t%%g B &, 4 1L 1976 £ B M B3 86 #) € (Commission

Internationale de 1’Eclairage, CIE) Ff & & 9 &% % Fd] (color space) L* a*

HR AR FZCEERTEE  HHELNX LT
=tts(o)216 =300 (50 = (50" b =200 [ )= ()]

X0, YO B Z0 A# 4t 2 ks F 0 X/X0, Y/YO and Z/ ZO <4728 K7

0.008856 -
22 ZEEHARAESTE TS
¥ & sl F 45 Wl
&R AT EiRE R AT FiRE
L* 16523 +0.25|65.12 +0.26 | 68.66 £0.27 | 68.56 *0.24
a* 9.65 +0.15| 9.60 +0.15 | 8.86 +0.12 | 8.78 +0.13
b* 15.36 £0.18| 1538 +0.14 | 14.37 +0.11 | 14.33 +0.10
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6.7 2R EFHBILERZ RIERUEHR E:

B AT Z PHUE A L LA T B8 14 3R] T R T RSN R R KL
FikdoF:

T AEHR R AESL -
8. 10ml FHAEBIAEAM > o R GARUNA AR LT L ERRIT o

9.8 1 ml /v A9 ml FHAER T > BRETHERE=ZR > A3

REREA001 % -
10. B 2 ml 2 5% &R B MR AR E
11 RIM R B A RBEAFREBMT FRE -

12. 48 F 250~400 nm SE iR # AT H 5 K SN R R LB E -
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SPF {44 U A RSBETR L AR AL L ERFLEF
HERYBHEREARTE  FAARGYEARKRHE L £ & £
RS R > A REHIRE SPF AR RKRAMEYE - AERA
TR EB S SPF {44 AR & 2 SPF 4 » #4951 FDA SPF 4 42
B (088 20 AR 8)# AT In vitro SPF B3R 4% UV1000s 23X, - F
A stk Mg Bley SPF 24 4.51 St AR5 A5 %4 SPF 4 (4.35)4
FHE o BT EEA T -

% 3 ~ FDASPF 4 R 4k su By

o &
Methylparaben 0.10
Disodium EDTA 0.05
Propylene Glycol 5.00
Triethanolamine 1.00
Lanolin 5.00
Homosalate 8.00
White Petrolatum 2.50
Stearic Acid 4.00
Propylparaben 0.05
Water 74.3
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% 4 ~ FDA SPF 4 4% # #% & SPF AA2A3X A

%3k 1 3 SPF 1 Sk M3 SPF {4
1 F 5.0 11 F 40
2 F 4.0 12 M 4.0
3 F 4.0 13 F 4.0
4 F 4.0 14 F 5.0
5 M 5.0 15 F 4.0
6 F 4.0 16 F 5.0
7 F 5.0 17 F 4.0
8 F 4.0 18 F 4.0
9 F 5.0 19 F 5.0
10 F 4.0 20 F 4.0
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100

66.666

T

33.333

1

scan 1 of 5

250

350
Wavelength (nm)

B 9~ SPF 4% % &bk shar F 38 skt
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6.8 TEBRA XA MRS

BAT T @ LRSS EBE S A ERETH L ERH R
PEch b hE (AL RMIEMRA)  EFREARANNELASE
EERICHE GBITH ML E > thRIBB ORI RRIEKAORE

BIHEAEE - ARE R T RAF

iS5 TEBHRAE bR BT

43 | 27 SPF {4 | 3M tape %% f& [UVA/UVB WXQ,’&%‘;}&%% ) U?;‘:;rf;ar
01 15 20.40 x 362 o
02 15+ 2775 Kok 381 ok
03 15 9.85 i 348 Tk
04 s 1237 * 353 ook
05 15 31.26 ok 377 Hokok sk
06 15 20.64 * 358 Jokk
07 15 11.59 * 368 * Ik
08 25 13.15 y—— 381 Fkkok
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09 14 28.00 * kK 383 ok ke
10 10 17.25 Kk 383 *k kK
11 15 16.79 *k 382 FKk Sk
12 12 11.42 *kkk 388 Fod ok
13 17 17.71 - 386 ok ko k
14 15 9.02 - 335 *

15 15 15.76 * 352 kK
16 15 19.72 * 373 Kk Kk
17 15 7.07 - 336 ok
18 15 20.58 * 374 ok kK
19 15 16.05 * 355 *k Kk
20 15 10.73 - 346 *k
21 23 19.91 *k 388 Kk kK
22 17 14.49 *kk 388 Kk kK
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23 15 13.45 * Kk 387 Yk kK
24 15 17.02 1 8.8 0 ¢ 388 Yk ek
25 20 22.10 Y%k 387 Yk ke k
26 26 20.26 * Ak kK 388 Yk ek
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t~exhkZIHIER

l. B&R2AKE4AR

2. AR GKAEE B

3. BekzHHpusit -

4. TEEFHRACMSZHMH -

5. R ERHBA R EINRBIU K ELR T -
6. &2 & F MBIt SPF {2 8% o

7. 2R & FWBALE DA Mg o

8 SREFHMACIEDL LT E E Sf 2 b by o

A~ RBAR

I AR T4 BA Ebim o o
2. RIS A MRS o

3. REBILMER U2 HHE .
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R
AT ABEESARNZEA » BBTREKKRGER K

RE KR EMZ ¥ T/ o #FA mushroom B HcEEs6 > LARZE
FAAGHEY  HRRAEZHKERELESZZEe R HE ¥
Ak N 045um > REE S B TEREEAIALBETIMAELSA
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Labsphere Ultraviolet Transmittance Analyzer
SPF Report
Samp le: (i AR I8 SPF15
Operator:
Client:
Comment:
Date: 5 Feb 1999
Time: 5:04 pm
Wavelength Range: 290 - 400 nm
Units: SPF T( UVA) T( UVB)
# of Scans: 8 8 8
Mean: 20. 40% 39. 98% 1.62%
STD: 0.86% 0. 93% 0.11%
cov: 4.22% 2.32% 6.88%
UVA Ratio: 0.31
Star Categor v o MODERATE
Critical Critical
Scan # SPF Wavelength Scan # SPF Wavelength
1 20. 31 354 nm 7 20.02 354 nm
2 20.15 354 nm 8 20.69 355 nm
3 19. 88 355 nm 9
4 22. 37 355 nm 10
5 20. 26 354 nm 11
6 19. 54 354 nm 12
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Labsphere Ultraviolet Transmittance Analyzer

Sample:
Operator:
Client:
Comment :
Date:
Time:

Wavelength Range:

Units:

# of Scans:
Mean:

STD:

COV:

UVA Ratio:
Star Category:

S SPF

1 25.60
2 28.96
3 27.24
4 28.57
5 27.31
6 28.94

SPF Report

55 KR RE

3M 21.0/IF 40%
0.0251-0.0147

5 Feb 1999

5:09 pm

290 - 400 nm

SPF T (UVA)
7 7

27.75% 20.01%
1.20% 0.60%
4.32% 3.00%
0.45

b - GOOD

Critical

Wavelength Scan #
375 nm 7

376 nm 8
375 nm 9
375 nm 10
375 nm 11
376 nm 12
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Critical
Wavelength
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Labsphere Ultraviolet Transmittance Analyzer

SPF Report

Samp le: OLAY 20 C03 SPF15
Operator:
Client:
Comment:
Date: 9 Feb 1999
Time: 5:09 pm
Wavelength Range: 290 - 400 nm
Units: SPF T( UVA) T( UVB)
# of Scans: 10 10 10
Mean: 9.85% 58.56% 4.56%
STD: 1.24% 2. 43% 1.03%
COoV: 12.58% 4.15% 22.62%
UVA Ratio: 0.22
Star Categor y & MODERATE

Critical Critical
Scan # SPF Wavelength Scan # SPF Wavelength
1 10. 73 345 nm 7 8.51 344 nm
2 10. 55 346 nm 8 10.19 344 nm
3 11. 54 345 nm 9 11.60 344 nm
4 9. 49 345 nm 10 8. 48 343 nm
5 8.54 343 nm 11
6 8.84 343 nm 12
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Labsphere Ultraviolet Transmittance Analyzer

SPF Report
Samp le: MARY KAY SPF15
Operator:
C i ent:
Comment:
Date: 8 Feb 1999
Time: 11: 03 am

Wavelength Range: 290 - 400 nm

Units: SPE T( UVA) T( UVB)
# of Scans: 8 8 8
Mean: 12. 37% 51.01% 3.32%
STD: 0. 41% 0.28% 0.24%
COoVv: 3.31% 0.55% 7.17%
UVA Ratio: 0. 26
Star Category * MODERATE
Critical Critical
Scan # SPF Wavelength Scan # SPF Wavelength
1 11. 84 350 nm V. 12.03 350 nm
2 12.71 350 nm 8 12.57 349 nm
3 12.70 349 nm 9
4 12. 74 349 nm 10
5 12. 56 350 nm 11
6 11.78 350 nm 12
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Labsphere Ultraviolet Transmittance Analyzer
SPF Report

Samp le:

Operator:

Client:

Comment:

Date:

Time:

Wavelength Range:

Units:

# of Scans:
Mean:

STD:

COV:

UVA Ratio:
Star Categor v

Scan # SPF

1 31. 99
2 30. 90
3 30. 16
4 32.06
5 32. 38
6 32.29

HEE36 CO05 SPF15

10 Feb 1999
3: 24 pm
290 - 400 nm
SPF T( UVA) T( UVB)
8 8 8
31.26% 21. 34% 1.74%
1.02% 0. 48% 0.08%
3.25% 2.27% 4, 56%
0. 48
g GOOD
Critical Critical
Wavelength Scan # SPF Wavelength
371 nm 7 30.05 370 nm
370 nm 8 30. 28 370 nm
370 nm 9
371 nm 10
370 nm 11
370 nm 12
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Samp le:
Operator:
C 1li ent:
Comment.:
Date:
Time:

Wavelength Range:

Units:
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%% 06 Py sBALHE o A M

Labsphere Ultraviolet Transmittance Analyzer
SPF Report

# of Scans:

Mean:

STD:

COoV:

UVA Ratio:

Star Categor v

SPF
20.
20.
19.
21.
20.
20.

92
37
52
33
21
46

coppertone babies spfl5

8 Feb 1999

11: 12 am

290 - 400 nm

SPF T( UVA)
7 7
20.64% 41.19%
0.73% 0.32%
3.55% 0.77%
0. 31

- MODERATE
Critical

Wavelength Scan #
353 nm 7}

353 nm 8

353 nm 9

352 nm 10

353 nm 11

353 nm 12

-53-
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7

1.47%

0.21%

14.02%

Critical

SPF Wavelength
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Labsphere Ultraviolet Transmittance Analyzer

Samp le:

Operator:

C i ent:

Comment:

Date:

Time:

Wavelength Range:

Units:

# of Scans:
Mean:

STD:

CoV:

UVA Ratio:
Star Categor v

S SPF

1 11. 39
2 11.56
3 11.68
4 12.57
5 10. 66
6 11. 22

SPF Report

ES LA SUERTE NI e RS

26 Feb 1999

10: 55 am
290 - 400 nm
SPF T( UVA)
8 8
11.59% 44, 83%
0.55% 1.47%
4. 77% 3.29%
0.31
kg MODERATE
Critical
Wavelength Scan #
358 nm 7
358 nm 8
359 nm 9

359 nm 10
357 nm 11
357 nm 12

-55.-

SPF
11.68
11. 94

Critical
Wavelength
358 nm
358 nm
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Labsphere Ultraviolet Transmittance Analyzer

SPF Report

Samp le: ESTEE LAUDER 61 F01 SPF25
Operator:
C 1i ent:
Comment:
Date: 9 Feb 1999
Time: 3: 27 pm
Wavelength Range: 290 - 400 nm
Units: SPF T( UVA) T( UVB)
# of Scans: 7 7 7
Mean: 13.15% 21.20% 6.00%
STD: 1.77% 1. 35% 0.93%
cov: 13. 49% 6.37% 15. 45%
UVA Ratio: 0.60
Star Categor v ol ™ SUPERIOR

Critical Critical
Scan # SPF Wavelength Scan # SPF Wavelength
1 11.70 378 nm 7 14. 39 378 nm
2 14. 41 378 nm 8.
3 12.29 380 nm 9
4 11. 25 378 nm 10
5 12.03 379 nm 11
6 15.99 378 nm 12
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Labsphere Ultraviolet Transmittance Analyzer

Samp le:

Operator:

Client:

Comment:

Date:

Time:

Wavelength Range:

Units:

# of Scans:
Mean:

STD:

COV:

UVA Ratio:
Star Categor v

S SPF

1 30. 29
2 29.72
3 28.65
4 29. 97
5 26. 38
6 26. 34

SPF Report

SHISEIDO 63 FO2 SPF14

9 Feb 1999

3: 35 pm

290 - 400 nm
SPF T( UVA)

7 7

28.00% 8.14%
2.20% 0.59%
7.84% 7.23%
0.77

* A SUPERIOR
Critical

Wavelength Scan #
384 nm 7

384 nm 8
384 nm 9
383 nm 10

383 nm 11
384 nm 12

-59.

SPF
24.67

Critical
Wavelength
383 nm
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Labsphere Ultraviolet Transmittance Analyzer

Samp le:

Operator:

C i ent:

Comment:

Date:

Time:

Wavelength Range:

Uni ts:

# of Scans:
Mean:

STD:

COoV:

UVA Ratio:
Star Categor v

Scan # SPF

1 16.68
2 17.93
3 18.89
4 17.27
5 16.06
6 16.69

SPF Report

Christian Dior TEINI DIORLIGHT

5 Feb 1999
4:07 pm
290 - 400 nm
SPF T( UVA)
6 6
17.25% 22.32%
1.02% 0.72%
5.91% 3.23%
0. 48
g GOOD
Critical
Wavelength Scan #
380 nm 7
379 nm 8
380 nm 9

379 nm 10
380 nm 11
380 nm 12

-61-
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Labsphere Ultraviolet Transmittance Analyzer

SPF Report

Samp le: TR G R Pl
Operator:
C i ent:
Comment:
Date: 5 Feb 1999
Time: 4: 10 pm
Wavelength Range: 290 - 400 nm
Uni ts: SPF T( UVA) T( UVB)
# of Scans: 7 7 7
Mean: 16.79% 19. 35% 4. 31%
STD: 0.60% 0.37% 0.20%
Cov: 3.58% 1.91% 4.67%
UVA Ratio: 0.57
Star Categor v *% GOOD

Critical Critical
Scan # SPF Wavelength Scan # SPF Wavelength
1 16. 39 378 nm 7 17.02 379 nm
2 15.87 379 nm 8
3 17. 20 378 nm 9
4 16.60 379 nm 10
5 16. 70 378 nm 11
6 17.74 379 nm 12
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100 : :

scan 1 of 7
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—
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33.333

0 ol ] _J
250 350 450
Wavelength (nm)
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Labsphere Ultraviolet Transmittance Analyzer

SPF Report

Samp le: THE BODY SHOP KR
Operator:
C i ent:
Comment:
Date: 5 Feb 1999
Time: 4: 54 pm
Wavelength Range: 290 - 400 nm
Units: SPF T( UVA) T( UVB)
# of Scans: 8 8 8
Mean: 11. 42% 10.81% 8.55%
STD: 0.41% 0.36% 0.32%
CoV: 3.61% 3.31% 3. 74%
UVA Ratio: 0.91
Star Categor vy N * MAXI MJM

Critical Critical
Scan # SPF Wavelength Scan # SPF Wavelength
1 12.14 388 nm 7 11.01 388 nm
2 11.57 388 nm 8 11. 45 388 nm
3 10. 76 388 nm 9
4 11. 37 388 nm 10
5 11.60 388 nm 11
6 11. 49 388 nm 12
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100 - :
66.666 - .
33.333 + -

0 1
250 350 450

Wavelength (nm)
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Labsphere Ultraviolet Transmittance Analyzer

Samp le:
Operator:
C 1i ent:
Comment:
Date:
Time:

Wavelength Range:

Units:

# of Scans:
Mean:

STD:

COoV:

UVA Ratio:
Star Categor y:

Scan # SPF

1 17. 38
2 17.81
3 17.64
4 18. 77
5 17.84
6 17.19

SPF Report

EHHHREVITALYF5P0O10

5 Feb 1999

5:00 pm

290 - 400 nm

SPF T( UVA) T(UVB)

8 8 8

17.71% 14. 41% 4.67%

0. 48% 0.27% 0.18%

2.71% 1.87% 3.83%

0.64

ol SUPERIOR

Critical Critical
Wavelength Scan # SPF Wavelength
384 nm 7 17.51 384 nm
384 nm 8 17.50 384 nm
384 nm 9

384 nm 10
384 nm 11
384 nm 12
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Wavelength (nm)
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450
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scan 1 of 8
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Labsphere Ultraviolet Transmittance Analyzer

Samp le:

Operator:

C li ent:

Comment:

Date:

Time:

Wavelength Range:

Units:

# of Scans:
Mean:

STD:

COV:

UVA Ratio:
Star Categor v

SPF
.93
. 58
.73
.08
.83
.03

O W W @

T( UVB)
8

3.33%
0.40%
11. 95%

- Too low for a UVA c laim

SPF Report
(RS B Espf15
8 Feb 1999
11: 57 am
290 - 400 nm
SPF T( UVA)
8 8
9.02% 70.57%
0.26% 0.27%
2.83% 0.39%
0.14

Critical

Wavelength Scan #
333 nm 7

332 nm 8

333 nm 9

333 nm 10
333 nm 11
333 nm 12

-69-

SPF
8. 96
9.04

Critical
Wavelength
333 nm
333 nm
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Wavelength (nm)
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Labsphere Ultraviolet Transmittance Analyzer

SPF Report

Samp le: Elizabeth Arden 58-102 SPF15
Operator: Chen
C 1li ent: 3M
Comment: 0.0252-0.0182
Date: 4 Feb 1999
Time: 1: 27 pm
Wavelength Range: 290 - 400 nm
Units: SPF T( UVA) T( UVB)
# of Scans: 8 8 8
Mean: 15.76% 48.51% 2.03%
STD: 1. 49% 1.53% 0.55%
COoV: 9. 44% 3.16% 27.11%
UVA Ratio: 0. 25
Star Categor v X MODERATE

Critical Critical
Scan # SPF Wavelength Scan # SPF Wavelength
1 16.89 350 nm 7 16. 76 350 nm
2 16. 44 350 nm 8 12. 38 350 nm
3 15.15 349 nm 9
4 15.61 349 nm 10
5 16. 24 350 nm 11
6 16. 59 349 nm 12
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Elizabeth Arden 58-1L02 SPF15
100 T

NSC88-CPC-E-041-001

g 7

7~

/ -

66.666

33.333

B . . N

250 350
Wavelength (nm)
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Labsphere Ultraviolet Transmittance Analyzer

SPF Report

Samp le: Chanel L-03 SPF 15
Operator:
C i ent:
Comment:
Date: 3 Feb 1999
Time: 3: 51 pm
Wavelength Range: 290 - 400 nm
Units: SPF T( UVA) T( UVB)
# of Scans: 8 8 8
Mean: 19.72% 34.78% 1. 75%
STD: 0.46% 0.07% 0.12%
Ccov: 2.33% 0.19% 6.94%
UVA Ratio: 0.33
Star Categor v * MODERATE

Critical Critical
Scan # SPF Wavelength Scan # SPF Wavelength
1 19. 93 364 nm 7 19. 47 364 nm
2 20. 35 364 nm 8 19.14 364 nm
3 20.01 364 nm 9
4 20. 16 364 nm 10
5 19.17 364 nm 11
6 19. 48 364 nm 12
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Chanel L-03 SPF 15

100

66.666

T

33.333

T

250

350
Wavelength (nm)

74-

450

scan 1 of 8



NSC88-CPC-E-041-001
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Labsphere Ultraviolet Transmittance Analyzer

Samp le:
Operator:
C 1i ent:
Comment:
Date:
Time:

Wavelength Range:

Uni ts:

# of Scans:
Mean:

STD:

Cov:

UVA Ratio:
Star Categor v

can # SPF
.87
. 80
.81
.64
.41
. 30

N IO

SPF Report

ESTEE LAUDER 5¢3E/EESPF15

8 Feb 1999

12: 14 pm

290 - 400 nm

SPF T( UVA) T( UVB)

8 8 8

7.07% 69. 33% 7.66%

0.33% 0.37% 0.69%

4.71% 0.53% 8. 95%

0.18

- Too low for a UVA claim
Critical Critical
Wavelength Scan # SPF Wavelength
336 nm 7 6.76 336 nm
336 nm 8 6.97 337 nm
336 nm 9

336 nm 10
336 nm 11
336 nm 12

-75-



NSC88-CPC-E-041-001
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ESTEE LAUDER 5Z%/EESPF15

scan 1 of 8
ol
0 2
66.666 ﬂ

% o 3

T

r

a o4

n

S

m

i a5

t

t

a

n o6

c

e 33.333 -
o7
08

O L
250 350 450

Wavelength (nm)
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Labsphere Ultraviolet Transmittance Analyzer

SPF Report

Samp le: MISASA 67-105 SPF15
Operator:
C lient:
Comment:
Date: 4 Feb 1999
Time: 3: 56 pm
Wavelength Range: 290 - 400 nm
Units: SPF T( UVA) T( UVB)
# of Scans: 8 8 8
Mean: 20. 58% 27.00% 2.56%
STD: 1.01% 0.89% 0.15%
CoV: 4. 90% 3.31% 5.91%
UVA Ratio: 0. 40
Star Categor y: * MODERATE

Critical Critical.
Scan # SPF Wavelength Scan # SPF Wavelength
1 23.00 373 nm 7 20. 70 372 nm
2 20. 34 373 nm 8 20.15 372 nm
3 19. 97 372 nm 9
4 20. 39 372 nm 10
5 20. 10 372 nm 11
6 19. 97 372 nm 12
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scan 1 of 8
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Wavelength (nm)
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Labsphere Ultraviolet Transmittance Analyzer

SPF Report

Samp le: BODY SHOP 68-L0O6 SPF15
Operator:
C li ent:
Comment:
Date: 4 Feb 1999
Time: 4: 10 pm
Wavelength Range: 290 - 400 nm
Units: SPF T( UVA) T( UVB)
¥ of Scans: 8 8 8
Mean: 16.05% 45.70% 2.53%
STD: 0.83% 0.60% 0.29%
CoV: 5.19% 1.31% 11.58%
UVA Ratio: 0. 30
Star Categor v. * MODERATE

Critical Critical
Scan # SPF Wavelength Scan # SPF Wavelength
1 15. 41 351 nm 7 15.77 352 nm
2 15. 56 352 nm 8 17.08 351 nm
3 17.07 352 nm 9
4 16.82 351 nm 10
5 14.87 352 nm 11
6 15. 86 352 nm 12
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Wavelength (nm)
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Labsphere Ultraviolet Transmittance Analyzer

Samp le:
Operator:
C li ent:
Comment:
Date:
Time:

Wavelength Range:

Units:

# of Scans:
Mean:

STD:

Cov:

UVA Ratio:
Star Categor v

S SPF
1 10. 66
2 10. 43
3 10. 50
4 68
5 51
6

91

10.
11.
10.

SPF Report

HEEIRERESPFLS

8 Feb 1999

3: 16 pm

290 - 400 nm

SPF T( UVA) T( UVB)

8 8 8

10. 73% 61.19% 3.14

0. 35% 0.95% 0.20%

3.23% 1.55% 6.31%

0.19

- Too low for a UVA claim
Critical Critical
Wavelength Scan # SPF Wavelength
339 nm 7 10.63 340 nm
339 nm 8 10.53 339 nm
339 nm 9

340 nm 10

341 nm 11

339 nm 12
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Labsphere Ultraviolet Transmittance Analyzer

Samp le:
Operator:
C 1li ent:
Comment:
Date:
Time:

Wavelength Range:

Units:

# of Scans:
Mean:

STD:

COoV:

UVA Ratio:
Star Category

Scan # SPF

1 21. 94
2 22.72
3 22.16
4 18.68
5 18. 25
6 18. 38

SPF Report

Kanebo sPF23

3 Feb 1999
11: 16 am
290 - 400 nm
SPF T( UVA)
8 8
19.91% 19. 41%
1.99% 0.99%
10.01% 5.09%
0. 46
*x GOOD
Critical
Wavelength Scan #
383 nm 7
383 nm 8
383 nm 9

384 nm 10
384 nm 11
384 nm 12

-83-

T( UVB)
8

2.56%

0.47%

18. 33%

Critical

SPF Wavelength
18.06 384 nm
19.10 382 nm
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Labsphere Ultraviolet Transmittance Analyzer

SPF Report
Samp le: B TR R B AMLO
Operator:
C li ent:
Comment:
Date: 2 Mar 1999
Time: 10: 41 am

Wavelength Range: 290 - 400 nm

Uni ts: SPF T( UVA) T( UVB)
# of Scans: 10 10 10
Mean: 14. 49% 17. 33% 5. 48%
STD: 1.58% 0.65% 0.75%
Ccov: 10. 88% 3.76% 13.63%
UVA Ratio: 0.61
Star Categor y. i - SUPERIOR
Critical Critical
Scan # SPF Wavelength Scan # SPF Wavelength
1 14. 35 385 nm L 16.75 384 nm
2 12.65 385 nm 8 15.23 385 nm
3 16. 22 385 nm 9 13. 96 385 nm
4 13. 30 385 nm 10 13.13 385 nm
5 12.83 385 nm 11
6 16. 49 385 nm 12
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Wavelength (nm)
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Labsphere Ultraviolet Transmittance Analyzer

SPF Report

Samp le: GUERLAI N FEE{ZHEk B
Operator:
C li ent:
Comment:
Date: 4 Feb 1999
Time: 2: 51 pm
Wavelength Range: 290 - 400 nm
Uni ts: SPF T( UVA) T( UVB)
# of Scans: 6 6 6
Mean: 13. 45% 18.50% 6.16%
STD: 0.83% 0.56% 0.47%
cov: 6.16% 3.05% 7.60%
UVA Ratio: 0.61
Star Categorw e * SUPERIOR

Critical Critical
Scan # SPF Wavelength Scan # SPF Wavelength
1 13.86 384 nm 7
2 12. 35 384 nm 8
3 12. 56 384 nm 9
4 14. 50 384 nm 10
5 13.63 383 nm 11
6 13.82 383 nm 12
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Labsphere Ultraviolet Transmittance Analyzer

Sanp le:

Operator:

C i ent:

Comment:

Date:

Time:

Wavelength Range:

Units:

# of Scans:
Mean:

STD:

COoV:

UVA Ratio:
Star Categor v

Scan # SPF

1 16. 82
2 16.62
3 17. 86
4 18. 40
5 16. 54
6 16. 39

SPF Report

LANCO ME RS RI ¥ &

8 Feb 1999

3: 21 pm

290 - 400 nm

SPF T( UVA)

8 8

17.02% 8.02%
0.72% 0.25%
4,22% 3.16%
0. 88

ol x x MAXI MJM

Critical

Wavelength Scan #

387 nm 7
387 nm 8
387 nm 9
387 nm 10
387 nm 11
387 nm 12

-89-

T( UVB)

SPF
16.66
16. 85

Critical
Wavelength
387 nm
387 nm
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Wavelength (nm) '
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Labsphere Ultraviolet Transmittance Analyzer

SPF Report

Samp le: 1t B 26 H By R S PF 20
Operator:
C i ent:
Comment:
Date: 8 Feb 1999
Time: 3: 42 pm
Wavelength Range: 290 - 400 nm
Units: SPF T(UVA) T( UVB)
# of Scans: 9 9 9
Mean: 22.10% 11.02% 3.63%
STD: 0.88% 0.33% 0.16%
cov: 3.98% 3.00% 4. 41%
UVA Ratio: 0.68
Star Categor y R * SUPERIOR

Critical Critical
Scan # SPF Wavelength Scan # SPF Wavelength
1 21.95 385 nm 7 21. 88 385 nm
2 21.58 385 nm 8 23.32 385 nm
3 23.74 385 nm 9 22.20 385 nm
4 21. 41 385 nm 10
5 21.06 385 nm 11
6 21.78 385 nm 12
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scan 1 of 9
ol
0o 2
66.666 |- g
03
!
05
o6
33.333 N
o 7
g 8
09
0 t
250 350 450

Wavelength (nm)
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Labsphere Ultraviolet Transmittance Analyzer

Samp le:

Operator:

C li ent:

Comment:

Date:

Time:

Wavelength Range:

Units:

# of Scans:
Mean:

STD:

COoV:

UVA Ratio:
Star Categor vy

Scan # SPF

1 17.10
2 20.214
3 13.55
4 23. 36
5 20. 46
6 26.85

SPF Report
AR A
29 Apr 1999
12:01 pm
290 - 400 nm
SPF T( UVA)
6 6
20.26% 7.11%
4.65% 1.68%
22.94% 23.57%
0.89
Kok kK MAXI MJM
Critical
Wavelength Scan #
388 nm 7
388 nm 8
387 nm 9
388 nm 10
388 nm 11
388 nm 12
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T( UVB)
5.61%

1.28%
22.81%

SPF

Critical
Wavelength
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