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AT impl 4 % F 3% arachidonate (AA)% acetylshikonin (Ace)iuA |

i B B R RY ) TIHRREREHAM B AEGEN
4 5%  f& superoxide dismutase (SOD)#F % F & & 4% ¥ X4 %& NADPH » 34
TRRE R GRS - £24R T A diphenylene iodonium =
p-chloromercurybenzoic acid (PCMB)4 & ¢ #] Ace % mAR A bAGER
# staurosporine R R %% Ace R ° o RS T E 5 ¥R E R
46°C kit thtmfn § \§Jﬁ14k.ii'?§'éﬁémﬂﬂﬁfév\§] » 4,97 BRE ) AR Ace &
RAE B hAMEE S - Ace THM pd7"” BB AER o RF RF oA
AA B Ace 7T 3 3% ¥ NADPH oxidase & 7& 164k B - £ 4¢ phorbol 12-myristate
13-acetate 54L&y P & ik mBa g o 58 % R ey flavoprotein AR +
Aa N Ace T 3| ALK B & 3% o R 3% 3% NADPH 4k 75 #) cytochrome c & &1
A - L8 PCMB i Jk SOD “T#p#]| Ace {2 i cytochrome c 2R &94ER 5
4} flavoprotein & NADPH F #7242 F » 5% Ace 45 A 3| &2 #) cytochrome ¢ & & °
&, 43k PCMB #p#| « 4 semi-recombinant % & ¥ fu A Ace * 48 5] A B
ALK U EHERET Ace LR ¥ M A %R semi-recombinant
APl e RAhEERNER REA 4T B 7E M 45 NADPH oxidase
HAOME R - Flof Ace A3 T E F14:8 % FAD fUiLR R Plem/ER -
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CCMP88-RD-014
Effect of naphthoquinones, the anti-
inflammatory ingredients of tzu-yun-

kao, on the NADPH oxidase activity of
neutrophils

Jih-Pyang Wang

Taichung Veterans General Hospital
Veterans Affairs Commission
Executive Yuan

ABSTRACT

In cell-free system (CFS), addition of anionic amphiphile into the plasma
membrane and cytosol mixture evokes O, generation. In this study, effects of
acetylshikonin (Ace) on CFS activation of NADPH oxidase was examined. ACE,
like arachidonate (AA), stimulation of O,” generation in a concentration-
dependent manner. In the presence of superoxide dismutase (SOD) or without
supplement of NADPH to the assay mixture, the 0, generation induced by ACE
was decrease. Pretreatment of diphenylene iodonium or p-chloromecurybenozic
acid (PCMB) greatly reduced the O," generation caused by Ace, whilst
staurosporine had no inhibitory effect. Deletion of cytosol fraction from CFS
eliminated the ability of Ace to activate O,” generation. Ace stimulation of O,”
generation was also reduced when 46°C heated cytosol replaced the normal
cytosol fraction in a CFS. Ace stimulated the p47”** membrane translocation.
Sequential or simultaneous addition of AA and Ace greatly enhanced the
activation of NADPH oxidase. Ace concentration-dependently enhanced the
NADPH-dependent cytochrome ¢ reduction of the resolved. flavopiotein from
phorbol 12-myristate 13-acetate-treated neutrophils. Exposure of the resolved
flavoprotein to PCMB but not to SOD resulted the inhibition of Ace
enhancement of cytochrome c¢ reduction. Moreover, the resolved flavoprotein
proceeded to reduction of cytochrome c in response to Ace in the absence of
NADPH, and this effect was inhibited by PCMB. These results suggest that the
stimulation of generation by Ace in cell-free and semi-recombinant systems is
attributable to the assembly of a functional NADPH oxidase complex and also to

the enhancement of electron transfer and reduction of FAD redox center of
oxidase. o
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PHEORA-RESHE P EX S4B EARAR
HABEAGR R EREI R EEREBY - AT EHTEEER ¢
MaakBAAELER - FEER BROLERELELRYE B G
R -RELERFHCARBAM[L 2 - HF 5B XN d i
BaKELAENSEARYAEY  BLELARBEDEOERLEA G
A -BAALE - RABHARRAKE]B, 4 — WA TAAAY
EANEREBANGRBEELN EEZ AL -BA TG LRAELAEA
RFEVO AL XA @R ENRERLES] -2 v Ean
HKEASERRBMAEADA N ELRBE BN AFHLERSAEY
LEGERRAAGEFABF AT XNRE - EHEFEATIREL LN
FUHE - F4RX-HEAEME X o aBE Al asiigs
HIRAM6-8] o BEMAT TR A KALFE48RMAE
MEI N AN mEME R ESRILESN ER DV ARMAEL -

THAOKEIMNBMECEALFTFLRARBANS  Hwpng
MEAHFRES BAITHER - Sl sd@d g tmpiE e
LR RBAER S €751 G & & % » i @ iE{L phospholipase C %
A% inositol trisphosphate & diacylglycerol * 2 2~ % 3% fo fm B P 84 3% 8 45
& T & 7% 1t protein kinase C [9, 10] - st B S HMFIL PR G 0
3k & NADPH oxidase # 6-# * AR A B R BB A F R[] - % s

F #4857 f= B W &) phospholipase D - tyrosine kinase * mitogen-

activated protein kinase + & phosphatidylinositol 3-kinase & J% 4 3% #o £
it & 3k NADPH oxidase # A8 ¢4 o FfuiZib  URB A A G A Y
4 BB B[12-14] - 23] 22 NADPH oxidase ;75L& B2 % » i tm o g
P &4 oxidase Ak B F pd77" ~ p67°7" « R Rac & #8485 tm Bl I
cytochrome bssg & 4 #5 i — 18 B 4 &t 4 NADPH oxidase 78 4 5% -
sLBf £ NADPHH AT » THEAS FTRITE-ETFTUER » AARE

8 & & [15]

FEFRANLARRY RBAARLER - TREBKA F a4
KEBLEERM $EFLRENERPEE AT EERAAR
R Fu i it £45 % 4 49/ FA [16] - Acetylshikonin (Ace) B4 ¥ $ 44 & & %
fr BB R A - 4578 - it M REEE - R #] DNA topoisomerase
6 FHE[17-19] - MR KM R Ace £EFMEHMAIRBE R ENWII AR
BoaFRBAME Kb EEERE LER EREBTHOOKNT
BRE - Tipsl R A b A4 m[20,21] - Flof Ace {2 A M §

-
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AR Tk Ace BEALEZ TR MM EERG - REHRALE—
FEHEEF £ R Ace # P 1 & 23K NADPH oxidase # 454 # & &
EHBE -

A MR K
— M

MULERER—FHNEETHBEAMERE(E L) - Acetylshikonin
d P B 8 & 2 rr 30 Ak B 23% 3R 4 - Hanks’ balanced salt solution 8 & Gibco
Life Technologies (Gaithersburg, USA) » diphenylene iodonium #% & RBI
(Natick, USA) - anti-p47phox polyclonal antibody #%& & Transduction
(Lexington, USA) * 4~ p47""* cDNA 2z pGEX-4T-1 plasmid + p67”"* cDNA
Z pGEX-1AT plasmid & Rac2 cDNA Z pGEX-4T-3 plasmid & Dr. Ulla G.

Knaus (The Scripps Research Institute, La Jolla, USA) & F - H4r % &85 A
Sigma (St. Louis, USA) ‘ .

=~ PhaaRa R

X f.(Sprague Dawley, 300-350 g)#&fi#ri4 - £ LA EDTA #9774
T oo Ak b fr o Sk B dextran JRAHE 0 i Ik c R ERRK
4 Ficoll-Hypaque & » 3 MR TRIB R £ 7% G 94 IK[22] - i &
% 3t % ;%7 Hanks’ balanced salt solution 4~ 10 mM Hepes, pH7.4, 4 mM
NaHCO; (HBSS) ¥ & 1 x 10" e f & £ 5+ > EH KB THA -

= pEEvHahRRiains

b MG mIK L L 2.5 mM diisopropyl fluorophosphate & 244 » # Tris
buffer (0.34 M sucrose, 10 mM Tris-HCl, pH 7.0, 10 mM benzamidine, 2 mM
PMSF) & 542 & s 4% o 48 48,000 g & 74 #§ £ & (fa i g 5 8)) BT H
M(m B B 2 B E - BN —70°C k48 P45 A [23] - 4 8k flavoprotein
&% 4 0 J5 PG Ik E 1pg/ml phorbol 12-myristate 13-acetate (PMA)4
HBSS 4 1 mM NaN; &% ¥ R % » A& B - #| A bile salt 3Bk
4% flavoprotein $2 cytochrome b 2 & [24] > BN -70°C k58 P A[24] -

W MABHEANRAE

LrhaafepERERTEARANBRGGE  HA SR AEELE
550 nm 3% & 18 B] superoxide dismutase (SOD) =T ¥p #] & ferricytochrome c &
BRCESIL22 A S @B A4 TERYBRAGARE Al

4



B S tm B B 55 81547 assay buffer (0.17 M sucrose, 2 mM NaNj, 1| mM
MgCl,, 1 mM EGTA, 65 mM KH,PO,-NaOH, pH 7.0)4- 10 uM FAD, 3 uyM
GTPyS, 0.25 mg/ml cytochrome ¢, & 50 uM NADPH- #} 83 48 % /v 6.7 png/ml
SOD » £ # A A EAL 550 nm K KB SOD T I 4] &
ferricytochrome ¢ 3B & & 7 B #16[25] -

“A - B ¥ iodonitrotetrazxolium violet (INT):& &

4m fo. B 4 8] 757 solubilization buffer (1 mM NaN,, 1.7 uM CaCl,, 20
mM glycine, pH 8.0, 50% glycerol and 1% n-octyl-B-p-glucopyranoside) » 4&
350,000 g # B EF R o RERS 6.7 ug/ml SOD, 3.3 pug/ml GTPYS, 10
MM FAD, 53 uM INT R ta o E L ta L BE 58 » £ /e X 0.1 mM NADPH 3]
R o # R 5 & KR4 500 nm 48 R R K HE #1E[26] - :

N RBRSH

4 B H B 42048 100,000 g . PRl o RER A aie E Hta o
B 4-2] » 10 uM GTPyS, 20 uM PMSF, 0.17 M sucrose, 2 mM NaNj, 1 mM
MgCl,, 1 mM EGTA & 15 pg/mli leupeptin £ 65 mM phosphate buffer, pH
7.0 RIE+ 454814 » R IEZR BEH 30 % sucrose & B L » 24 200,000 g #
W3 o LA 48 10% SDS-PAGE /& B -8 » 3 1A anti-pd77"™ $LA% 4k £.7% 18
R[25] -

£ ~ 42 flavoprotein &% B 3 &

&g & flavoprotein E# 0.1 M phosphate buffer, pH 7.0 4 10 uM FAD,
& 0.25 mg/ml cytochrome ¢, R & f& fm A 0.25 mM NADPH B+ - #1 A o
7 3 1R 18 B cytochrome ¢ B R 69 & K& B # 1t -

A ~ # # recombinant p47°"*, p67°"* & Rac2
p

32 %4 pd7" cDNA 2z pGEX-4T-1 plasmid + p67°"* ¢cDNA 2z pGEX-
1AT plasmid = Rac2 cDNA % pGEX-4T-3 plasmid &) Escherichia coli - %
glutathion-S-transferase (GST)# 4-#9% & ¥ ¥4 GSH-agarose % # - #| A
thrombin #% recombinant p47""°" ~ p67°7"™* % Rac2 $ GST 4P » i iAiB
CM-Sepharose column #:1L[27] ° .

R

B SHH S RBIEE ANOVA 45#71 » & 4& Bonferroni t-test 444
DHMNRELEERANER PSRN OOS RAEEBREERNOER - K
B #3424 means * s.e.mean & 5 °



58X

F PG KRR T AR B R K — M E § DMSO &
B T RIE AR a3 H IMLP 3l ei 8 58 b A % K - 22 % PMA d
RUBRAGRERFIREHERE ) - -

LR E @ AL T Ace W 5] AA — 3k > TTUURE BRGEME8 5] A2 &,
BERAAERE =) 2 Ace jlRERAHREREZEHE AA Z LR RF
o £ NADPH R A T »Acefu AA3| e B R B A4 ey EAABE
¥ #1(B =) - 42 %4 NADPH oxidase 474 # DPI & PCMB [28,29]#% & F
TRAERFE GirH] Ace fv AAG|Ae R A BB AL RMERA(B ). 2% protein
kinase &49#p#4)|#)| staurosporine [30] * £4E A T X2 # PMA flid G b
KAEMAZAR é%é‘];%F'F v # Acefr AA EJE R ¥ mlo kP35l A8 &
BaEERBADE :

LT @B AL THREEE 2 E 0 Bl Ace W AA F & T B A
BaE4dR(BR) Wil 46°C B thta ERREA L @B A% T H
E¥mpy > TRHBHEIRT Acefn AA3 B AdAL RME
Bl BF s A48 46°C o il - £ 4R T E @I L T % Ace fu AA
PGl A INTEEGORET » LAELEFOIRAE BT 9hte(k—) -

A B, 98 AR R pAT T B BEHRAS o AIE R L B K % F Ao A 100 uM
AAT R A HBEE pAT" " i # - MwA3I M Ace Bl T ¥ a2 A T
LRI AT HBERB(E X)) BB REAG R @ik %
%R 5| paAT" ey L EEAS o

LT E & &% F o ANRIRE AA (10 uM) K, Ace (0.3 M) » R &3]
APABELEABHANLE R - 2R A 10 UM AA Fu 0.3 uM Ace TT B8 3 &)
Wi AbEkit R LERFEFZE @B ALY HoA 10 tM AA F0 3
UM Ace #, 0.3 uM Ace #o 30 uM AA T84 % £ 4#E A 3 UM Ace & 30 uM
AAZARABBENERREFIRE L) -

4m fi B £ 48 bile salt 2 8 » 3] 4§ 4% flavoprotein - # PMA F1itey ¥+
M & Ao 3K 4a B BE 5 1 5 45 &4 4 8 flavoprotein » 4£ SOD i’%&'FE—%'ﬁif TF#
" NADPH 1% | cytochrome ¢ L #)3hfg°Ace ik BER AL 918 # b R (3¢
#H&87) » @ PCMB T4l sbi2i& 45 A (B ) 4 NADPH z:z;zg._T :
Ace K & 4,88 5] &2 cytochrome ¢ #93B R - MR X R B foiF 2l 695
flavoprotein » NADPH i 7 € 3| #¢ cytochrome c Y& B - £ NADPH JFJ'%/EE
F » Ace K& &R € 3| # cytochrome c 858 & - 2% £ NADPH 74 F » Ace
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& 3] &2 cytochrome ¢ &% & -

3% 4 B B 55 £1(#9 17 pg protein)$t rpd7”"rp67”** & rRac2 (5% % 7.2,
12, 5.7 pg protein) &4 & semi-recombinant % #, - £ FAD ~ GTPyS -
cytochrome ¢ & NADPH #7724 F »ho A 10 pM Ace & 100 utM AA % 300 pl
MRERT HTHELRS (P<0.05) RELABGEAER(RD) -

-

AP MG KB ERP AL EF DMSOREER » T LR ERAER
¥ IMLP » {24 & PMA 3l et 8. 8 B K 4 A o sbdp#H] IMLP R JE &4
UERAFE R Ace AP AR ERPHRBLETBE[2]] ik
BRSO EEFTHNTH AR B ERERBAE B ANGERENR
t@wER - ATEMEANY  ARBERE—FHEHTHAGATLS
B EET T E S -

. AT B it >  AA FoAce T3 B A B AL R - &R
L E ARG atExc¥ainh it Ace BRI RBAAGENLE
A% o W B #8104 545 K F #9 NADPH oxidase #p #] # DPI & PCMB (28, 29]
TORBAGHH Ace B A BB RARIFA » BAT Ace B R ELHFILIE
%Mo % 4 F &9 NADPH oxidase * Mk S AL BRR B A L A
Bako

BEAREELE AT E @R AR T AAXRSTILEG E 58
At » A 2A protein kinase #p & & 3t R 56 %5 8 AA 7& 1t NADPH oxidase &5 1F A
[31] - BiBtibfo AA TS A pd7"™ A A tA Rl T RESEMBIL  THRAE
& a7 ¢y SH3 #F » ek pd7" 5 § Bim BB & 432,33] - R
staurosporine R ¥4 Ace L R B mn 2 o P Il RABA A & ﬁ:_’tﬁU’F A
#A5T Ace 3| A2 &) R B &, R B £ 48 & protein kinase #9751k °

E4otm i g ¥ &Y oxidase B F £ ¥ p677" #L42i E F4# NADPH 1§
2| FAD » @ p47”" fe42#E F#¢ FAD 1% 2| heme [34] - M tafpfE L &4
‘cytochrome bsss > KA G A A AL RA B GEAARHACRRT v - mle
£ 46°C fudhih » G AUERE T 69 p677" [35] o M Ao #hth & ta B H BRAKE F &4
B g > Tiph| Ace FlAeBAA AN AR AR INT EEYRIE - M B Ace
T3l 42 pA7P Wy RE A o BAR Ace FEALIE R R imB A b 0 ARG GlLEAS
B & EF M & NADPH oxidase ° ’

daﬁ"AceﬁAA&# Bamp it 38R adit R mARE
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AE > M BTEABE BB ER » THRBER REER K - Ace T
IR B ARTF M ¢ 12 i NADPH B R cytochrome ¢ #94EF » M AA & 4ER -

PCMB “T#p#] Ace 894 R - 8% Ace TR AL E 7 #& 2 FAD S /L2 R
¥ G B T HE o

£ 4= B0 BE 5 &1 8L rp477" ~ 1p677"™* B rRac2 424 # semi-recombinant %
SF > uNAce RAARTH BRI LR A GENER - - F BT
Ace 1R i 8475 1+ NADPH oxidase # 5844945 -

Ace # IMLP ## T ¥ v H kA RALA B GE > FiHles%ERm -
{2 fe /- # 69 NADPH oxidase &M ARERALREGEANKER  sbiER—
BRALR > THEREAPRETHBEXAREROESR - dlicEPHhahkst
ARREBAGTREX BB ATKRE - Ace I FIL TR X, » THE &
%% NADPH oxidase # &8z b8 2@ N M A EA M [21]c mo&k
NADPH oxidase # 4 M TREX > BAFLHALTEHR > BB TEY
AL c ARELRELREHTRER T THEERARARAHEERET
AR AR o ‘

1B~ &

i

S

BBk ERER[2021]) CTHALET P EEE M
acetylshikonin g9 # X 1A « R EFHE—F > EXAHEHH TH G0
EMMER o FEE T 69 £ £ R acetylshikonin 4£ ¥ 1 & 3k 64 IE ¥ A ta B
% % & semi-recombinant % %, ¥ ' 3 TR it a4 B A 75 M 45 NADPH
oxidase » 3t 4 s A8 £, B & % © Acetylshikonin 4.5 {2 #% FAD §/L BB ¥ E
FARR A A -

e~ 58 Rk

1. Baggiolini M, Deward B. The neutrophil. Int Arch Allergy Appl Immunol
1985, 76 Suppl. 1:13-20.

2. Borregaard N. The human neutrophil. Function and dysfunction. Eur J
Haemtol 1988, 41:401-413.

3. Babior BM. Oxygen-dependent microbial killing by phagocytes. New Engl
J Med 1978, 298:659-668.

4. Tauber Al, Babior BM. Neutrophil oxygen reduction: the enzymes and the

}

8



products. Free Radic Biol Med 1985, 1:265-307.

5. Smith RM, Curnutte JT. Molecular basis of chronic granulomatous disease.
Blood 1991, 77:673-686.

6. Halliwell B, Gutteridge JMC. Role of free radicals and catalytic metal ions
in human disease: an overview. Methods Enzymol 1990, 186:1-85.

7. Sibille Y, Reynolds HY. Macrophages and polymorphonuclear nc_eutrophils
in lung defense and injury. Am Rev Respir Dis 1990, 141:471-501.

8. Lefer AM, Araki H, Okamatsu S. Beneficial actions of a free radical

scavenger in traumatic shock and myocardial ischemia. Cir Shock 1981,
8:273-282.

9. Di Virgilio F, Vicentini LM, Treves S, Riz G, Pozzan T. Inositol phosphate
formation in fMet-Leu-Phe-stimulated human neutrophils does not require

an increase in the cytosolic free Ca®* concentration. Biochem J 1985, 229:
361-367. , g

10.Rossi F. The O,-forming NADPH oxidase of the phagocytosis: nature,

mechanisms of action and function. Biochim Biophys Acta 1986, 853:65-
89. ‘ .

11.Della Bianca V, Grzeskowiak M, Cassatella MA, Zeni L. Rossi F. Phorbol
12-myristate 13-acetate potentiates the respiratory burst while inhibits
phosphoinositide hydrolysis and calcium mobilization by formyl-

methionyl-leucyl-phenylalanine in human neutrophils. Biochem Biophys
Res Commun 1986, 135:556-565.

12.Kessels GCR, Krause KH, Verhoeven AJ. Protein kinase C activity is not
involved in N-formylmethionyl-leucyl-phenylalanine-induced
phospholipase D activation in human neutrophills, but is essential for
concomitant NADPH oxidase activation: studies with a staurosoprine

analogue with improved selectivity for protein kinase C. Biochem J 1993,
292:781-785.

13.Yasui K, Yamazaki M, Miyabayashi M, Tsuno T, Komiyama A. Signal
transduction pathway in human polymorphonuclear leukocytes for
chemotaxis induced by a chemotactic factor: distinct form the pathway for
superoxide anion production. J Immunol 1994, 152:5922-5929.

14.0Okada T, Sakuma L, Fukui Y, Hazeki O, Ui M. Blockage of chemotactic

9



peptide-induced stimulation of neutrophils by wortmannin as a result of
selective inhibition of phosphatidylinositol 3-kinase. J Biol Chem 1994,
269:3563-3567.

15.Segal AW, Abo A. The biochemical basis of NADPH oxidase of
phagocytes. Trends Biochem Sci 1993, 18:43-47.

16.563 8. P8 K&8 Fw 1981,12 2 103-111 &

17.Motohide H. Pharmacological studies on crude plant drugs. Shikon and

Tooki. (IT). Shikonin and acetylshikonin. Nippon Yakurigaku Zasshi 1977,
74:193-203.

18.Chang YS, Kuo SC, Weng SH, Jan SC, Ko FN, Teng CM. Inhibition of

platelet aggregation by shikonin derivatives isolated from Arnebia
euchroma. Planta Med. 1993, 59, 401-404.

19.Ahn BZ, Baik KU, Kweon GR, Lim K, Hwang BD. Acetylshionin
analogues: synthesis and inhibition of DNA topoisomerase-1. J Med Chem
1995, 38:1044-1047.

20. Wang JP, Raung SL, Chang LC, Kuo SC. Inhibition of hind-paw edema
and cutaneous vascular plasma extravasation in mice by acetylshikonin.
Eur J Pharmacol 1995, 272:87-95.

21.Wang JP, Tsao LT, Raung SL, Hsu MF, Kuo SC. Investigation of the
inhibition by acetylshikonin of the respiratory burst in rat neutrophils. Br J
Pharmacol 1997, 121:409-416.

22.Wang JP, Raung SL, Kuo YH, Teng CM. Daphnoretin-induced respiratory
burst in rat neutrophils is, probably mainly through protein kinase C
activation. Eur J Pharmacol 1995, 288:341-348. ) - -

23.Bellavite P, Serra MC, Davoli A, Bannister JV, Rossi F. The NADPH
oxidase of guinea pig polymorphonuclear leukocytes. Properties of the
deoxycholate extracted enzyme. Mol Cell Biochem 1983, 52:17-25.

24.Gabig TG. The NADPH-dependent O, -generating oxidase from human
neutrophils. J Biol Chem 1983, 258:6352-6356.

25.Wang JP, Tsao LT, Raung SL, Hsu MF, Kuo SC. Inhibition by HAJ11 of
respiratory burst in neutrophils and the involvement of protein tyrosine
phosphorylation and phospholipase D activation. Br J Pharmacol 1997,

10



120:79-87.

26.Cross AR, Yarchover JL, Curnutte JT. The superoxide-generating system
of human neutrophils possesses a novel diaphorase activity. Evidence for
distinct regulation of electron flow within NADPH oxidase by p67phox
and p47phox. J Biol Chem 1994, 269:21448-21454.

27.Knaus UG, Heyworth PG, Kinsella BT, Curnutte JT, Bokoch GM
Purification and characterization of Rac 2. A cytosolic GTP-binding

protein that regulates human neutrophil NADPH oxidase. J Biol Chem
1992, 267:23575-23582.

28.Cross AR, Jones OTG. The effect of the inhibitor diphenylene iodonium on
the superoxide-generating system of neutrophils. Specific labeling of a
component polypepetide of the oxdase. Biochem J 1986, 237:111-116.

29.Bellavite P, Corso F, Dusi S, Grzeskowiak M, Della Bianca V, Rossi F.
Activation of NADPH-dependent superoxide production in plasma

membrane extracts of pig neutrophils by phosphatidic acid. J Biol Chem
1988, 263:8210-8214.

30.Tamaoki T, Nomoto H, Takahashi I, Kato Y, Morimoto M, Tomita F.
Staurosporine, a potent inhibitor of phospholipid/Ca™ dependent protein
kinase. Biochem Biophys Res Commun 1986, 135:397-402.

31.Uhlinger DJ, Burnham DN, Lambeth JD. Nucleoside triphosphate
requirements for superoxide generation and phosphorylation in a cell-free
system from human neutrophils. Sodium dodecyl sulfate and diacylglycerol

activate independently of protein kinase C. J Biol Chem 1991, 266:20990-
20997. ‘ :

32.Sumimoto H, Kage Y, Nunoi H, Sasaki H, Nose T, Fukmaki Y, Ohno M,
Minakami S, Takeshige K. Role of Src homology 3 domains in assembly

and activation of the phagocyte NADPH oxidase. Proc Natl Acad Sci USA
1994, 91:5345-5349.

33.Park JW, Ahn SM. Translocation of recombinant p47phox cytosolic
component of the phagocyte oxidase by in vitro phosphorylation. Biochem
Biophys Res Commun 1995, 211:410-416.

34.Cross AR, Curnutte JT. The cytosolic activating factors p47phox and
p67phox have distinct roles in the regulation of electron flow in NADPH

i1



oxidase. J Biol Chem 1995, 270:6543-65438.

35.Erickson RW, Malawista SE, Garrett MC, Van Blaricom G, Leto TL,
Curnutte JT. Identification of a thermolabile component of the human
neutrophil NADPH oxidase. A model for chronic granulomatous disease

caused by deficiency of the p67-phox cytosolic component. J Clin Invest
1992, 89:1587-1595.

(B~ %

2, (@) 38, (®)
g 4
=] 30
g"w-

]
6 25 4
o, 8
c g N 20 -
.g .E

E
o = 18 4
o T U7
S 3 1
% E 10 -
0o £
g *] '
3 54
7] §

2-

7 v 0 e A———
o 100 1000 0 10 100 1000

Concentrations (ug/ml)

— NYBBRAA-FHATETHTHELRERRBAEHEANY

W bt g MR SR DMSO R AR R 693 L8 (@) KA K — 54
O)EEEFEREBZ NG A (2)0.3 pMMLP o 5 ug/ml CB & (b)
03nMPMA RE - M ERAEHEGER°

12



30

300
i0 1 nmolL
' : 5 min 100
S
1 30
' ' 10
1 .

Ace . AA

-

B AREEamAfdAccRAALSEIE &AM RERELAER -
58 bR 0 b B B MR o AR IR 8 Ace 8 AA - M B4 FLE &
ek g o .

) 1 nmol L .
: 5 min
— NADPH )
{
~ NADPH — NADPH
+S0D
f el

Ace AA

—

M= NADPHS Acc RAA AR XL MBAKPLEBRAGROHE -
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$a BB & ${ 47 4 (lanes 1-3) %, R 75 4 (lanes 4-5)&5 1§ L F M 3 M Ace & 100
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Bt LZXEBIRTRIAXFAGFMAAcCeRAAHEALAEBEY
KE-Ldtap T RmEpte) R EHE @)k 10 M AA, 0.3 pM Ace 10 M
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(a) 3 Control

O = N s

Cytochrome ¢ reduction {(nmol/10 min)

B\ SOD % PCMB # 4 & flavoprotein i /& cytochrome c & # % + #(a) PMA
1t &) %.(0) & 8 ) sa B 4% 5] & & & flavoprotein+ £ & 10 pg/ml SOD & 100
PMPCMB #£ 3% » /v A 02 mMNADPH & 3 uM Ace + # ¥ cytochrome ¢
BE -

*

i TR ACChREHACCRAALEZ KB AR TER INT

xE-

Condition INT reduction (nmol per 15 min)
Acetylshikonin AA

Normal cytosol 375 £ 0.11 1.58 +£ 0.04

46°C heated cytosol 1.82 4+ 0.13* 0.78 + 0.10*

——

Ace L AA 4= semi-recombinant A S ¥ A KB R B AR -

O3~ generation (nmol/10 min)

Acetylshikonin Arachidonate
Buffer 0.09 £ 0.06 0.05 +0.08
Membrane . 0.12 £ 0.07 0.61 £ 0.08
Membrane + rpd77*, p67°*, rRac2 0.74 +0.04* 1.25 £ 0.06*
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