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PMN : &% & M EK

NADPH : dihydronicotinamide adenine dinucleotide phosphate

NADP : nicotinamide adenosine dinucleotide phosphate

NADH : dihydronicotinamide adenosine dinucleotide

HEPES : 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid

PMA : phorbol myristate acetate

MA: 3 U R F Ui

0A: v 1 ik

EA: =54 Y R

FMLP : formylmethionyl-leucyl—phenylalanine

CGD : TE%E?S%?E?EE (chronic granulomatous disease)

SOD: R—/¥—FFH 4 FF g4 A ALF—F

Q- : E FepF 35 H 0

CCP: cytochrome ¢ peroxidase

KRP : Krebs Ringer phosphate buffer

EGTA: ethylene glycol bis(B -aminoethylether)-N,N,N, N -tetraacetic
acid

EDTA: ethylene diaminetetraacetic acid

Co: —EE LR %

SDS-PAGE : sodium dodecyl sulfate-polyacrylamide gel electrophoresis

CB-F3GA : Cibacron Blue F3GA

PMSF : phenylmethylsulfonyl fluoride

0G: octylglucoside

DOC: deoxycholic acid

TLCK : N-p-tosyl-L-lysine chloromethyl ketone

DFP : diisopropylfluorophosphate

HTP : hydroxylapatite



HMPD : hexamethylphosphoramide
CD: M (circular dichroism)
ESR: electron spin resonance

Ki: HEEER

kn: ¥ 7 =2 Y 2ER

FAD: flavin adenine dinucleotide
FMN: flavin mononucleotide

0D : WRLEE (optical density)

cme: BRI IV EE

Ae: EVEREHREE
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14~ 16B 2 0. 9% NaClEE A A O TIEBMN L VIRELAL, BEL TV 2 HRIMX
2. 0. 2% NaClAM O EREAKRZEH VW CTHAENS € TRV o 7 & KE M IF 5K




(69) 3 & i3, T 4 MiEE10 D1IB D3%polyvinylpyrrolidoneE # L EF1 L.
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BH LT e s T —EREFESUTris- (5 5V IIHEPES-) &E ¥ = i (

10nM Tris-HCI(pHT7.4)d& % 12 10mM HEPES-NaOH(pH 7.4). 0.25M = s %, 20
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B\ oo JEME . HoO0o-COPH & AALE % 419-408 nno BOLE & % F 587 1 A
E L TRD o

B ook REE R T 2 F Vibcytochrone ¢ AWVWTAIT » 72 (37)0 E
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ZRAERTHBLEEIETHS, -T. METIERCBVTESELLL
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Figure 1. 09- release from guinea pig PMN upon addition of fatty acid.
MA, 110 «M myristic acid; 8A, 25 u« M oleic acid; EA, 50 u« M elaidic
acid. The assay method is described in "MATERIALS AND METHODS™.
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Figure 2. 0O9- release from alveolar macrophages upon addition of myris-
tate. Reaction mixture contained 3 x 10° cells, 5 mM glucose, and 50 «M
cytochrome ¢ in 1.6 ml of Ca2*-free KRP.
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Figure 3. Distribution of enzyme activities in guinea pig PMN frac-
tionated by Percoll density gradient centrifugation using HEPES buffer.
Postnuclear supernatant of PMN homogenate was applied to Percoll density
gradient (0 to 50% Percoll) containing 0.34M sucrose and 10 mM HEPES
buffer (pH 7.4) and centrifuged at 12,000 rpm for 60 min (Beckman SW27
rotor). Histograms show the relative values of each fraction from either
myristate-activated (open area) or resting (hatched area) PMN. The frac-
tions from the top to the bottom are represented from left to right in
the figure. Enzymatic activity assays are described in "MATERIALS AND
METHODS”. This figure shows one of four experiments. Density was deter-
mined by using marker beads purchased from Pharmacia Fine Chem. Co., Lon-
don.
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Figure 4. Distribution of enzyme activities in guinea pig PMN frac-
tionated by Percoll density gradient centrifugation using Tris-HC1
buffer. Postnuclear supernatant of PMN homogenate was applied to Percoll
density gradient (0 to 50% Percoll) containing 0.34M sucrose and 10 mM
Tris-HC1l buffer (pH 7.4) and centrifuged at 12,000 rpm for 60 min
(Beckman SW27 rotor). Other experimental procedures were as in Fig. 3.
The graph shows one of seven experiments.
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Electron microscopic studies of the fractions isolated by Per-

coll density gradient centrifugation using Tris-HCl buffer (pH 7.4).
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Table 1. Specific activities of marker enzymes in fraction

A and in whole cells. Cells were activated with myristate

and fractionated by Percoll density gradient centrifugation
using Tris-HCl buffer, pH 7.4. For the enzyme assays see
"Materials and Methods”. Results are expressed as means * S.E.

Fraction A2 Whole cells

09~ generation 19.9 + 0.5 3.38 =+ 0.82
(nmol/min/mg protein)

5’~Nucleotidase 3.3 = 0.45 0.90 * 0.16
(#mol/15min/mg protein)

Peroxidase 0.052 + 0.015 0.97 £+ 0.09

(u mol/min/}ng protein)

Glucose-6-phosphatase 1.50 = 0.30 0.59 + 0.18
(#mol/30min/mg protein)

Alkaline phosphatase 17.2 = 8.9 18.6 = 2.9
{#mol/h/ng protein)

Lysozyme 6.98 + 3.40 31.9 + 2.9

(unit/mg protein)

a: Fraction A: the peak fraction of 09~ generating
activity in Fig. 4.



Tabel 2. Specific activities of marker enzymes in the plasma
membrane fraction and in whole cells.

09~ generation 5’ -nucleotidase NADPH-cytochrome lysozyme
¢ reductase

{(nmol/min/mg (#mol/15min/ (nmol/min/mg (unit/mg
protein) mg protein protein) protein)
Whole cells 2.45 0.9 1.07 31.9
Plasma 30.2 11.2 2.50 3.49
merbranes

Cells were activated with myristate and fractionated by Percoll
density-gradient centrifugation. For the assay of 09~ generating
activity, the assay mixture contained 15 M acetylated cytochrome c,
5 ug/ml catalase, 0.1 mM NADPH and an aliquot of sample in 0.17 M
sucrose/65 mM Na-K-phosphate buffer (pH 7.0). For the other enzyme
assays see "Materials and Methods”.
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Figure 6. Distribution of enzyme activities in guinea pig alveolar macro-
phages. Graphs are the normalized distribution patterns of alveolar mac-
rophages as a function of the volume collected. Radial distance in-
creases from left to right. The ordinate is the concentration in the
fraction relative to the concentration corresponding to a uniform dis-
tribution throughout the gradient. Closed and open circles show the dis-
tribution of enzymes from myristic acid-activated and unactivated al-

veolar macrophages, respectively.



Table 3. Specific contents of markers in plasma membranes from guinea

pig alveolar macrophages.

HoOg-generating

5’-Nucleotidase

Cytochrome b

activity activity (pmol/mg
(#mol/min/mg (#mol/min/mg protein)
protein) protein)
Myristic acid-
activated
Cell homogenates 0.11 £+ 0.03 0-81 = 0.11 0.079 = 0.014
Plasma membranes 1.2 =+ 0.34 8.3 £ 1.8 0.78 =+ 0.12
Resting cells
Cell homogenates 0.005 = 0.002 0.77 £ 0.06 0.076 = 0.011
Plasma membranes 0.021 + 0.01 7.9 =+ 0.32 0.77 =+ 0.15

NADPH-cytochrome Cytochrome ¢

¢ reductase oxidase
(nmol/min/mg {(nmol/min/mg
protein) protein)
33 =+ 8 31.2 + 8.4
134 + 28 2.8 £ 0.7
38 £ 6 28.0 = 3.2
145 + 15 1.4 =+ 0.6

Numbers are means * S.D. from three experiments.
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Figure 7. The rate of Hg0g9 production by plasma membranes of both ac-
tivated and unactivated alveolar macrophages plotted against the NADPH
concentration added. The reaction mixture is as in "MATERIALS AND
METHODS” by using plasma membranes of myristic acid-activated (MA) and
unactivated (R) alveolar macrophages contained 2.0 xg protein. Inset
shows the Lineweaver-Burk plot of Hg0g9-producing activity in both plasma
membranes.
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Figure 8. Effect of Cibacron Blue F3GA (CB-F3GA) on 0p- generation by
plasma membrane-bound NADPH oxidase. Plasma membranes were isolated from
MA-activated PMN by Percoll density gradient centrifugation. The assay
mixture contained 41 #g/ml protein of plasma membranes, 15 u M acetylated
cytochrome c, 5pxg/ml catalase, 0.1 mM NADPH, 0.17 M sucrose and various
concentrations of CB-F3GA in 65 mM sodium potassium phosphate buffer, pH
7.0. The reaction was started by addition of NADPH.
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Figure 9. Inhibition by CB-F3GA of 0Og9- generation by plasma membrane-
bound NADPH oxidase. The assay mixture was as for Fig. 8, except that 69
u g/ml protein of plasma membranes was used. The concentrations of CB-
F3GA used were as follows: a, 0; b, 1.2 «M; ¢, 2.5 u«M; d, 4.0 «M. The
inset is a replot of the apparent Km at various CB-F3GA concentrations.
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Figure 10. Effect of CB-F3GA on the 09- generation by activated cells.
The assay mixture contained 4 x 106 cells, 15 uM cytochrome ¢, 5 xg/ml
catalase, 5 mM glucose and various amounts of CB-F3GA in 1.6 ml of HEPES
buffer saline. PMN were activated by myristate (MA) (110nmol/107 cells)
or phorbol myristate acetate (PMA) (0.1 xg/1.6 ml)
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Table 4. The effect of divalent cations and its chelators
on the NADPH oxidase in the plasma membrane fraction.

Ho0g generating activity Percent of control

(nmol/min)
Control 1.42 100
MgClg 0.15 mM 2.45 173
1.50 mM 2. 45 173
CaClg 0.15 mM 1.38 97
1.50-mM 1.34 95
ZnClg 0.15 mM 0. 82 58
1.50 mM 0.67 47
EDTA 0.15 mM 0.32 23
1.50 oM 0. 40 28
EGTA 0.15 nM 2.15 151
1.50 mM 1.96 138

The reaction mixture contained 51 ug/ml protein of plasma
pembranes, 5 #M CCP and 0.1 mM NADPH in the same sucrose
buffer as described for the 0y~ assay.
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Figure 11. The NADPH-dependent 09- generation by the plasma membrane-
bound oxidase under various Mg2+ concentrations. The assay mixture is as
for Table 4, except that 28.8 xg/ml protein of plasma membranes was used.
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Figure 12. Lineweaver-Burk plots of Hg09 generation by the plasma
membrane-bound oxidase as a function of NADPH concentration in the
presence (closed circle) and absence (open circle) of Mg2*. The assay
mixture contained 51 xg/ml protein of plasma membranes, 5 « M CCP and
various amounts of NADPH in sucrose buffer with of without 0.25 mM Mg2+.
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Figure 13. Distribution of enzyme activities in porcine neutrophils frac-
tionated by Percoll density gradient centrifugation. Graphs are normal-
ized distribution patterns of neutrophils as a function of the volume
collected. Radial distance increases from left to right. The ordinate is
the concentration in the fraction relative to the concentration cor-
responding to a uniform distribution throughout the gradient. Postnuclear
supernatants of neutrophil homogenate were applied to a Percoll density
gradient (0 to 50%) containing 0.34 M sucrose/10 mM Tris-HCl (pH 7.4)/1
oM HMPD/0.1 mM TLCK, and 1 mM EGTA cushioned by 50% sucrose, and
centrifuged at 20,000 rpm for 60 min (Beckman Ti-14 Zonal rotor). Closed
and open circles show the distribution of enzymes from MA-activated and
resting neutrophils, respectively. Enzyme assays are described in
"MATERIALS AND METHODS”. Density was determined pycnometrically.
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Table 5. Specific contents of markers in plasma pembranes from
neutrophils.

09~ generating Na,K-ATPase Myeloperoxidase

activity (#mol/15min/ (#mol/min/
(nmol/min/ mg protein) mg protein)
mg protein)

MA-activated

Cell homogenate 37 £ 2.0 0.06 =+ 0.002 6.6 x= 0.33
Plasma membranes 790 X 71 1.77 £ 0-35 0.29 = 0.04
Resting
Cell homogenates 0.2 0.063 = 0.003 6.8 &= 0.37
Plasma membranes 3.4 2.03 = 0.3 0.22 £ 0.016
Cytochrome b FAD Vitamin Bqg-
(pmol/mg (pmol/mg binding protein
protein) protein) (ng bound/mg
protein)
71 £ 2.0 71 £ 1.0 16.3 = 3.7
760 = 90 95 + 4.0 0.84 = 0.22
76 £ 4.0 656 + 4.0 24.7 &+ 2.3
810 + 85 89 = 10 0.40 + 0.02

Numbers are means *+ S.D. from three experiments.
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Figure 14. A model of the NADPH binding site of the 0Og- generating enzyme
on the PMN plasma membrane. CB-F3GA, which does not penetrate the plasma
membranes, cannot inhibit 09- generation by intact PMN, but it competi-
tively inhibited Og- generation by the NADPH oxidase, probably because it
bound to the NADPH binding site on inside-out vesicles of plasma
membrane. Therefore, the NADPH binding site of this enzyme is probably
located on the inner surface of the plasma membrane.
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Figure 15. Solubilization profile of the NADPH oxidase. The 0g- gener-
ating enzyme was solubilized from the plasma membranes prepared from MA
activated PMN as in Fig. 1. The plasma membranes were solubilized with
various concentration of octylglucoside at 0TC for 15 min. Then, the
membrane-suspension was centrifuged at 165,000 x g for 60 min. The
precipitate was suspended in the same buffer except of the absence of oc-
tylglucoside. Solubilized (closed symbol and solid line) and
precipitated (open symbol and dashed line) 0Og- generating activity
(circles), cytochrome bggg( triangles), and FAD (squares) were determined
as described in "MATERIALS AND METHODS”. Total 09— generating activity (
—® —) is plotted as a function of solubilized plus precipitated ac-

tivity.
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Figure 16. Affinity chromatography on Blue Dextran Sepharose 2B of NADPH
oxidase solubilized with octylglucoside. Five ml of both 1. 0% (a)- and
1.5% octylglucoside (b) -solubilized fraction was diluted to 15 ml and ap-
plied to the column of Blue Dextran Sepharose 2B, which was equilibrated
with 0.1% octylglucoside in 10 mM Tris-HCl (pH 7.4) buffer contained 0.25
M sucrose, 15% glycerol, 0.1 mM EGTA and 20 xg/ml asolectin. After
washing with the equilibrated buffer, the NADPH oxidase was eluted with
the equilibration buffer contained 0.3% DOC instead of octylglucoside.
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Figure 17. Affinity chromatography on the Blue Dextran Sepharose 2B of
NADPH oxidase. The plasma membranes prepared from MA-activated (a) and
resting (b) PMN were solubilized with 1.0% octylglucoside. Solubilized
samples were fractionated as same as in Fig. 16.
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Figure 18. Absolute oxidized spectrum (B) and reduced minus oxidized
spectrum (A) of eluate fraction, which contained 0.13 mg protein/ml.
After the measurement of absolute spectrum, a few grains of dithionite
were added. After the addition of dithionite, reduced minus oxidized
spectrum was recorded.



Table 6. Purification of NADPH oxidase from myristate-activated PMN.

09~ generating  Cytochrome b FAD
activity (nmol/mg protein) (nmol/mg protein)
(#mol/min/mg protein)

Plasma membranes 0.74 0.71 0.10

DOC eluate 5.60 (7.6x) 1.70 (2.4x) 0.11(1.1x)

._50_



E A TS5 LY DKEDRFADTH »Fe COFADEH 275 E Y EBHEDOEX
DEE Doctylglucosideid & 3 Al L/ s — v ik, F b7 88— Abssad LK —
HLTWie O &R, Frou—Lbssed7 5 EYEHEOEGEHEMSNADP
(LB E2ER L TCVWEETAEARLFAELEVERLIEDN %,

2) NADPHER{L B % @ & 50 ¥ &

7 5 iF Bk & D NADPHE {LEE & %, Cibacron Blue F3GA%Z U # v F & L THEH
+ 2 %5 &7, Blue Dextran Sepharoseic B #& L 7= NADPHER{LEBE K & 5 W )&
F F s O — Absssit. DOCEA VWS LI LD HBBEICHEET B EBTE
WKL L 7 NADPHER (L B B O L iEH 5. 6 nol/nin/mg B HEBAFICER LT
Wi, C DBlue Dextran Sepharoseil & % & 4§ 2L 4% oo O NADPH oxidsaeid t i3
hoHMELHRTBLEVWETH 7o L2 L, TAhULOBHRIT LAENE
ZEFTEHTLE »fco CHISAB(LENADPHEE(L BRI AHICRET 5B L
%iv}n%oié Sic. F R o —LbesebBHEREFEERLAY, 77388

B (FAD) . BEAEEMMLTVWADL ke MEDHERE., F L7 28— 4
bsse B NADPHBE (LA Z O EHE TH B LERBLTWE—H, 75305
o WTHRETHRERILE LN S, L L. KakinumaZic & 2 #F o Bk 4 Az fR
SEO7 5 YOESRERAVWATER LD 75 £ ¥ HBNADPHAE GWE T H DA HEHE
BEEEhTED (105), PO ~L2EHRIBTFRELLITLR VI L LD F
s o — Abese RNADPHE EMBUZER > L BHF XL < Vo
VADPHEE (L BEZ O EHE L L T7 5 E VY EF P B =4 besaBEASNATY
. FOMBBEIEBVWT 7S EYEF LT a— 4 besel:1H B VR1IITH
AN TWE ET HENH B (50,106,100 COHMKDO 7 5 £ ¥ RMIBES
HHEASEEOARBSDO 7 5 v EKLBFHEEDOFADT S » 70 I & LD,
NADPHES (L B2 2 D 7 5 ¢ v EHBERBFADERHBR L L THE2EE I o N TV %o
K Cit. Percol I EEARTHEL 7 s Fhkmlaas@mor 5~ (F
AD) & F b m— 4 beseDLFEIIF1:9THH, & 7Blue Dextran Sepharose®*
FWTHAEE L NADPHER/L B E C . 2 oGO R bbb o FIE
115 s Ehr-E@rESRKE, —H. Y72V — &L DP-450&P450-reduct
aseD H B 58201 OEMWEI AL THH, P-450MreductaseT MO BT & 5

..51_



ﬁﬁmﬁﬁﬁ%iéﬂfhéﬁwhNMM@%@i%%@%WK%VTEﬁ@
TEEEEZ LTV AEENE L S b,

_52_.



HeEm FPhIw—LAbndfEalk
HBICHO>WT

giE TR~k E diIc, BMEKONADPHBR{L RS LD L D WEMHEL SR T

N TWVWBEAIKODWTHAPFOABRZ WA, DPRCELEDLI 2B F I 2 -4
bsee THHETHHARODVWTREET TREBEMT V. F 72— Lbsssi3E
HBEBEEO~LEHETHD. TOWW A <7 b Vv BERACE T413nn ol i@ RIX A&
Kb, ExBT mmmmﬁxuwmﬁ i, ¥fha. BOENEFN ORI
fEI T 558, 529nmfT T L&W@kéﬁofbé(wjnoit\%@ﬁﬁ@TQ
B (L ETEA L. -245nVEbob-F F b 7 o — A CHRFEBREVEEZRL,
BEHAYTHELEVENTS % (109) —FH. TOWELOZESGNIKEL TR
iaa%ﬁﬂ&énfméo—MK\@it®%éi~@wﬁit weatx
Al %E ¢ 5L&u¢© AEIhTVWE N, O I V- T HCERRY7 F LV EH]
FL. FFP7o—Lbssel3COEEATEIE. THHLERRELOEEHEZF T
%terminal hemeTdh 3 &Z X TW5(110,111)e —H. lizukavs i3, F b7 e
— LbsssldCOL DESNRIBAKL LABELUBEERKAE TEF Zhene edge &
DEEFICE T terminal hemeTH 5 EE X TW B (112),

Royer-Pokarav itk W, F F 7 o — AbsesDRIBLAHMSLHERCHEES
Mk & v BREZFHApLEE LD 70 —= v &ah, £ DcDNADEERT| £
D54kDaP EHBE2 23— F+ 2 EMHL LI INI(113)o & 5T, T DchNA
D3~ FFTE2EHHRPHOKDaOEEFEH L LTREIN TV A IEOH oM ICE
Nio —FH. Segal 5B L UParkosH I LD F P27 o — AbsssDHEEMITH N,
90kDaftif B & vr22kDaftiE D 2 DD subunitH SHERINT WS T EBRES 11
72 (114-116)o X 52, < D 90kDaZ H S Royer-Pokara® 7 @ — = ¥ 7 L fccDNA
D3~ FFTE2EHEE—THEIEDHOMICEINI, L2LL, F P74
bassD~NABFDELSOIKHEET A2, FHLF P 3 —LAbssahr o EDED

CLTBIRCETINEENZON, b5VWRHEEBECODALZDOTERACES
KAHOSFAMEEST 300ZFR2VWTRAHOE ETH %,

KEBILBWTHH, COF b7 o—Lbss:D~ALELODDTOEHE, TOH

-53-



BieoLWITRFLAKREDVWTRE~N S,

RSN QO R

1) &l#

hydroxylapatite Ultro Gel. DEAE-Sephacel. Mono-Q FPLC# 5 4. Dextran
T500. heparin-Sepharose 6B (Ll L {¥Pharmacia LKB Biotechnology Inc.)
octylglucoside (Bio-Radd % \WidDojindo Laboratories) ; leupeptin. anti
pain. diisopropylfluorophosphate. N-p-tosyl-L-lysine chloromethyl keto
ne (TLCK). phenylmethylsulfonyl fluoride (Ll ESigna) BENEFhosu &£
DAL, EoHER., BEREB WIS

2) # b2t — Absss B EAL

B oFEFdER . BEHI(60)IT L 72 A8 W Dextran TH00W L W ARMEKEZ hEx & €.
BonfttbEZ2ELICIDED R, BELTWARMERIZ0.2% NaClD E5RiEK
ZAHVWTAEMN&E 7, B8O N FREKIE, 10nM Tris-HCI (pH 7.4), 0.1 nM
TLCK. 2 u# g/ml leupeptin, 2x g/ml antipain, 0.5 mM dithiothreitolX ¢t
0.015% hexamethylphosphoramide (HMPD) % & 0. 25M> = ¥E#K (Tris- = #2
) CHEBEL-80CIKRE LI, WHEFL TH -7 200nl DM IZHE K (6 x
1A s St) 2HEL., RIEF InMOdiisopropylfluorophosphate® il A
Foo 0°CT. 407 » by WHHOBERLEC L OB EZHWBEL. T ORBIRIC

-
“

1004 ® 18 O phenylmethylsulfonyl fluoride® i L fco LI OIEEIR 5 X
0 - ACTiT»to COMBPWBIKE. 450 x g. 100HMBELLTLEZRE %0
SO EREI. 100 DIEDO. IM ECTAEIE A IRM L. 165.000 x g. 6043 fi=.L
LCHESBE 2832, BohicBESE%:, 60nlOTris-v s BRICHEL., &5
120ml D15 MY YEREBE K EMA TOC. 407 » b, SHEBEFRLEEZIT 5o
A, 165,000 x g, 60O HIELOL CHEBEBOULBEERE S, COHLEE. 60
nlDTris-v s W CHME LB, REFEL 0% Doctylglucoside kML OTC

TS EERT 2, COS%EmEE. 165,000 x g. 600 RIBOL L THBEKZIE %0

_54_



EonfmEE . 6mlDS5% oY Y v 0. 1aM TLCK, 24 g/ml leupeptin, 24
g/ml antipain, 0.5mM dithiothreitol % ¥0.015% hexamethylphosphoramide
A& 100nMY Y EEEE R (o 71.3) (ABALER) BB T 5. COMBREIC,
RIBEE1.6% Doctylglucoside® ML, 0CCTLOMBERLTF F 72— 4

bessZ A AL L 7oe 15538 1C. 240,000 x g, 6043, #ELO L TARBEUEYMEZR

Wi, FWICiZ. 1.1 5 1. T4nnol/mgZE EHODO F b7 2 — AbsseMEFEN TV 7,

3)F b7 v — Absse DIEH

AE{L L F b e — Absssid, 0. 5/octy1g1uc031de’2&at_J('*{L(‘*(ﬁ’ciﬁ
&1L U7 hydroxylapatite 3 AWCERE Lo UBEO L 7 A BIF TR AIEALEK
LS T MW TVWAEHESBBZEERNZRML TIT-7o # 7 4 ZFHALEER
CHELEZOLE, 0.1 51.0 MO Y YEEBER (pi 1.3)0REANE (EHELU
’Niﬂmﬁl{t B EMRiREL) 2HAVCERLAL (H19). FF7 B4
bssg@t—aﬁ@%%b\ 100 mM U vEEBEH®E (P 1.0 KEH L TERL o B
ik, KIEEE1% DoctylglucosideZ iR L 7o TN %k, B Uhydroxylapatite

ASAicERBL, e bl 37 4—%Totle BoNlcF b7 82— Lbsss
DE— 7 DEAEED, oMY YERBEHR (p1 7.3 L TER Lo BEIE.
RBEF19% Doctylglucoside®# M L. T %0.5%octylglucoside® &L 50nM
Y v EBE & IC T EH L L 72 DEAE-SephaceliCEB Lo REO DEEZR D,
LonMY v EREE K (o T.3) Ik U THER Lo BTG, K1 5% Doctyl-
glucoside# M L7 ® B, 0.5%octylglucosidex &L 10nMY YERIEEHRIC T
&AL L 72Mono Q FPLCIKEB L 7o F M2 8 — Abssa%, 0.015 51 5MY ~ @k
EEE (ol 1.0 FREFEIECcTHEB LA (B20)

4)F b & o — Lbssa@Dheparin-Sepharose~DHE &

s 5BEIC BT B F P/ o — AbsseDheparin-SepharoseNDFEEHICD2WVT
R Lo REEBMBICBY2F b7 v — Absssk, 25aM) YEEFHE XL
THEWF Lo Bk, HEEL 5% DoctylglucosideZHRML DB 0.5%
octylglucosideib‘cl:U—lﬂféftfgiﬁélﬁi711'(1‘\6%9%%%%54@%%”%@&‘25
oMYy VEREEE i (pH 7.3)IC TE &L L foheparin-SepharoseilC BB L oo S L

~-55-



App|y IwaSh | Elute
R .| >
. 41.0
-~ 5 / 0.5
+_ '%'; I
3 4 Lo
o E o
g 3y z 5
E s {05 8
o - G
5 2 s
s 2} & %
-
O
1..
{0
0>

Fraction Number

Figure 19. Column chromatography of cytochrome bggg on hydroxylapatite
Ultro Gel. @, cytochrome bggg concentration as calculated from the ab-
sorbance of the reduced spectra at 558 nm;O, protein concentration; ---,
concentration of potassium phosphate buffer (pH 7.3).
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Figure 20. Column chromatography of cytochrome bggg on Mono Q FPLC. @,
cytochrome bggg; — —, absorbance at 280 nm; ---, gradient of 0.01 - 1.5
M potassium phosphate buffer (pH 7.3).
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Table 7. Purification of human neutrophil cytochrome bgsg

Fraction Specific content Total amount Yield
nmol/mg protein nmol %
Particulate 0.154 4753 100
KPi-washed 0.310 360 76
0G-solubilized 1.74 228 48
1st HTPD eluate 12.3 - 100 21
2nd HTP eluate 20.3 73.3 15.4
50mM DEAE effluent 30.1 58.9 12.4
Mono Q@ FPLC eluate 37.0 18.9 3.9
(x189)

a: Total amount of cytochrome bggg was obtained from
~6 x 1010 neutrophils.
b: HTP, hydroxylapatite.
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Figure 21. SDS-PAGE pattern of purified and crude cytochrome bggg. Lane
1, 1.0 M potassium phosphate buffer-washed particulate fraction; lane 2,
1.6% octylglucoside-solubilized fraction; lane 3, DEAE-Sepharose effluent
fraction; lane 4, Mono Q FPLC eluate fraction. Each lane contained about

0.5 uxg protein. The gel was stained with Coomassie Blue R-250. Numbers
indicate the molecular masses of marker protein.
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Figure 22. Heparin-Sepharose column chromatography of crude and purified
cytochrome bssg. a, chromatography pattern of the sample from the first
hydroxylapatite eluate fraction; b, chromatography pattern of a sample
from the Mono Q FPLC eluate fraction. O, cytochrome bggg concentration;
@, protein concentration.
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Figure 23. SDS-PAGE pattern of purified and heparin-Sepharose eluate
fractions. Lanes 1 and 3, Mono Q FPLC eluate fraction; lanes 2 and 4,
heparin-Sepharose eluate fraction described for Fig. 22a; lanes 1 and 2,
Coomassie Blue staining pattern; lanes 3 and 4, silver staining pattern.
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Figure 24. Absolute spectra of reduced and oxidized purified cytochrome
bssg. Absolute oxidized (spectrum A) and reduced (Spectrum B) spectra of
purified cytochrome bggg (Mono @ eluate fraction) were measured at 20 T.
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Figure 25. Upper, CO and KCN difference spectra of purified cytochrome
bsss. The CO (spectrum A) and KCN (spectrum B) difference spectra were
measured at 20°C by using the subtraction mode of a data processor.
Carbon monoxide was bubbled through the dithionite-reduced solution.
Lower, absolute spectrum of CO-cytochrome bsss (spectrum A) was recorded
as described (upper). Spectrum B indicated the dithionite-reduced
spectrum of cytochrome bsss.
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Figure 26. Circular dichroism spectra of human cytochrome bsss. The CD
spectra of cytochrome bsss in the DEAE-Sephacel-cencentrated fraction
were measured at 20°C. Spectrum A, CD spectrum of oxidized cytochrome
bsss; spectrum of dithionite-reduced cytochrome bsss.



Table 8. Circular dichroism characterization of cytochrome bgsg.
Data were derived from Fig. 26. The A ¢ values are calculated
on the basis of the concentration of cytochrome bggg as deter-
mined from optical absorbance.

A max A e A crossover
nm Mlcn™1 nm
Oxidized cytochrome bggg 406 121 413
426 -119
Reduced cytochrome bggg 420 102 424.5
429 -150
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