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Murine menselonsl anllhadmi direered againkt 3 native form of Cu. Zi-superoxide dismutuse (SOD) were prodused by i tmmunmng SOD purified -
fram human erylhrm.ytcx The moneclonal antibadies able 1o bind SO were further sereened for thelr ability 1o absorly SOD activity uSmu antl
mouse 1gG conjugricd iron beads as solid supporis n mugnelic sepatation. This new sereening method revealéd the hererogenehy of native SGD
in the teuctiviey with the antibodies. One monoclonal unlibedy succesfully ubsorbed the entire uctivity of SOD deieeted by un inhibition dgsay
of ¢ypridina lugiferir snplog (MCLA)-dependent chermiluminescenee induced by superoxide anlon preductian, while others absorbed anly & part
of the SOD aetivity, The evidence that all of the fucter untibodies failed to react with recombinant artificial SOD free of churge iSomers duggested
warrelation of the heterogensity with the presence of eharge isamerie forms. The Former antibody was further used to establish & Tuorescence s.md~
wu.h enzyme immunaoassay, and this assuy provided 4 very sentliive detection limitas low g 100 pg/mi. '

Cu, Zn-supemxidc dinmumse.; Monaclonal amibody; Immunnussay

|. INTRODUCTION

Superoxide disinutases (SOD). are metatloenzymes
which catalyze the dismutation of superoxide anions,
yielding HaQ, and O:. Recent clinical research has in-
creased interest in the possible involvement of these en-
zymes in the pathophysiology of human dis~r-» £1,2].
Several methods for determining Cu, Zn-SOD v Mn-

SOD have been reported and most of the early ones

were based on the enzymatic activities of scavenging
superoxide [3-9]. Recently a specific and sensitive
method using cypridina luciferin analogs as chemilu-
minescence probes has been reported [10]. However,
several factors are still known to interfere with the
measurement of the enzymatic activity of SOD in

biological fluids or tissues [11,12], and these Jdisadvan- :

‘tages of enzymatic assays spurred the deveiopment of

immunological methods [13-18]. In these experiments

the. production of monoclonal . antibodics (mAbs)
against SOD .is essential for sandwich immuncassay
[16-18]. Although the immunological asssays using
mAbs provided a solution for the problem of the en-
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zymatic assays, it was suggested that the amount of
SOD represented with antigenecity is not. necessarily
parallel with the enzymatic activity of SOD [14,19]. To
evaluate the relationship between values obtained from.
the two independent systems, we first employed an ab-
sorption study with mAbs ©f enzymatic activity.
measured by the chemiluminescence method in- the
screening of mAb production: against native Cu, Zn-
SOD. This enabled us 1o separate mAbs into two
groups, one for reacting with whole active SOD and the
other for reacting with only part of it. The former type
of antibody (Ab) was further used to establish a
fluorescence sandwich enzyme immunoassay in. an-
ticipation of a more sensitive assay giving resuls with
better correlation with the enzymatic activity. '

2. MATERIALS AND METHODS

2.1. Praduction of monoclonal anti- native human Cu, Zn-S0D
. antibodies
Cu, Zn-8OD purified from human erythrocyles (Slgma 3190 U/mg
of protein) was used to immunize Balb/¢ mice. Beginning 4 'weeks
after the initial immunization with 100 4g of SOD in complete.
Freund's adjuvaat (Difco Laboratories, Detroit, USA), a booster in-

jection of 50 ug of SOD in incomplete adjuvant was given every 2

weeks. Four days after the 4th booster without adjuvant, the spleen

cells were harvested and fused to the hypoxanthine-aminopierin-

thymidine sensitive SP2/0 non-secretory murine myeloma cell line
according to thé method deseribed 5v Oi and Herzenbarg [20]. The
Abs in cilture supernatants were screened for their ability to bind
SOD by an enzyme linked {mmunosorbent assay (ELISA) in which
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SO wits sivedd 86 8 canceniraon of 30 xg/mi ln 0. M carbonate bufs

ter pel B3 for conting 96well facbertem BIA platex (Flow
Laboratories, UBAL. The bound Abs were ilentifivd " wing
biotinylawed aml-mouie Iw devetoped whiv blatin-avidin complex
conjugated  with “peroxidase  (Vegasaln  ABC - ity Yeeior
Labararories, LSA). The substrale reaction with hydrogen peroxids
and o phenylendiumine diiydrochloride (Sigma, LSAT was perform:
ed far 20 min al réom temperature. The Abs with binding ability ta
50D were futther sereened For vheir ability 16 abserb SO activity
measured by un inhibition sssap of chemilumineseenee induced by
superexide anion gencrution [14) ax described below, Aler & seeond
screening. colly seereting Ab capable of absorbhig SOD astivity were

-cloned by limiting dilution. The ¢ell ¢lonex were entarged and werein.

jeeted into pristanssprimed Balbse mive for Al produetion in aschie
fiuid. Abs from the asshils Nuid were purificd by ammonium sullate
precipliation Tollawed by affinlly purification on proigin A agarpswe
or lon-exchange purifieation,

2.2, Absorption of SOD activity with mAbs wxing « invagnetic separa:
ifon sysiem

I'n arder to neccomplish efficient and rapldt absorption of SOD with

the Abs, iron-beads were used as solid supporis in magnelic separa-

tion (BioMag, Advanced Magnetics, USAL 100 al of ‘ench culiure

SuUpernatant containing Ab were added 1o each well of & mun:l

bougmed 96-well plate and incubated with approx:mmely $% 107 iron

particles conjugated with anti-mouse IgG with mixing at 13 min inter.

vals. After 45 min incubation, the plate was pl.uced in a sicong
magnetic field for 3 min to separate free Abs and iron- bead-bound
Abs, Aler remaving free Abs by washing with phosphate buffered
saline, 100 4} of SCD at a concentration of | ug/m! was mixed with
the Ab bound with beads and incubated for I h with mixing &t 13 min

intervals. Afrer separation in a magnetic field Tor 3 min, the superni-
tant, freed from complexes of SOD-Ab bound o beads, was
“harvested and residual SOD activity in the supzraatant was measured

by the chemiluminescence assay,

2.3, Cheniluminescence assay for determining SO0 enzymuatic ac-
tivity

An Inhibiiior assay for superoxide anion induced chemilumi-

_nescence was performed to méasure SCD activity, MCLA was used as
a chomiluminescence probe as described previously £19]. Reaction
mixtures were made by a 100-fold dilution to give a 10 ng/ml concen-
tration of SOD for an unabsorbed sample. SOD activity was express-
ed in ng/ml of thereaction mixture estimated from the standard curve
of SOD (Sigma. 3190 U/mg of proleln, Cat.WNo.S 7886), ranged from

- 0. 0| to 10 ng/ml. '

‘2.4, Competitive mhrbmon asssay for derecnng SOD specrfm Sor
respective mAbs.

© 50 4! of each mAb {1 xg/ml) were mixed and mcubaled with 50 al
of sample SOD (adjusted 1o 0.75 xg/ml before absorption) for 30
min. 50 «l of the mixture were added 10 a plate coated with SOD and
incubated for 30 min. The Ab binding to the SOD-coated plate was
identified with biotin anti-mouse 1gG Ab followed by addition of the
biotin-avidin complex conjugaied - with peroxidase as:described
above. The reactivity of sample SOD with the respective Ab was ex-
pressed by T inhibition of the Ab binding to SOD on'the plate by the
following calculation:

‘a=b
% inhibition of Ab binding to SOD = '"Tz"' % 100 in which & is

absorbance at 492 nm of control Ab binding without inhibivor and b :

is absorbance at 452 nm of the binding with sample SOI3 as iphibitor.

2.5, Reagems '

Polyclonal Ab aga]nst Cu,Zn-SOD was purchased from the Bind-
ing Site Lid, (Birmingham, England) and was biotinylated in car-
bonate buffer at pH 8.2 for 4 h at room temperature according 1o the

.methbd of Jackson et al. [21). )

Recombinant human Cu,Zn-80D with the same amino acid se-
quernce as native 30D or with Cys-111 replaced by Ser were kindly
provided by Nippon Kayaku Co. and Toyo Jyozo Co., respectively.
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3.6, Fluarevcence sandhwivh éncyrmie Inmunesiyay pravedure :

A 96wkl palyviyrens plate (B, plate, Dynaréch Laborataries Iné..
LISAT was conted with 3041 (10 agAmi of 0.1 M arbanaie buffer, pH
&.3) of mAb, named 3, snd lelt overnighe a1 4°C. Unbaund sitey
wirg saiurated by incubatlan with phosphate buffered saline (PBS)
coRtEinng 2% bavine serum - albumin (BSA, ElA grade, Clba
Chikusan Kogyo, Japany for at lzast 30 min 4 room [emperae,
Aler washing, 501 af varisus ditutions of SO (Slpma) wete added
and (neubarion fallowed for 10 min a1 ream temperature. The plate
were washed wnd fngubated with biatinylaied palyelonal anib-3OD Ab
for 30 min, They were then washed again and imubated with 304l of
1.0 U af B palactosidaieavidin (Vesior Laboratories, USAy ml of
PRS.BSA-Tween for 30 min, Afwer wayhing, 100 p) of 40 ag of
H-methylurbeHiferryl-f-o ualﬁcmude (Sgmaynd of 001 M
phosphinte buffer a1 pH 7.2 was added ard incubated for 30 min at
room emperature. Abdorbiande was measured uxing a fuordicenie
microplate reader (Microfluore, Dynaawch Laboratories Ine., USA)

"cal:hrmed for excivation at 368 nm emission a 4*0 nm.

3, RESUI.T‘:’ AND DISCUSSION

Eight hybrid cell lines secreting Abs that react wnh,
plates coated with SOD were obtained from two fusions '
after a first sereening using ELISA. These cell lines were
then examined for whether their Abs could absorb SOD

Cactivity -measured by an inhibition .assay utilizing

MCLA-dependent chemiluminescence. This absorption
was accomplished efficiently using anti-mouse 1gG con-
jugated iron-beads as solid supports in magnetic sepera-
tion, An Ab, named 15 could absorb the entire SOD en-
zymatic activity, three Abs named F3.4, 13 and 14 could
absorb part of the SOD activity, and the other Abs fail-
ed to absorb any. The cell lines with Ab of absorbing
ability were cloned by a limiting dilution. Purified
mAbs were tested by a quantitative absorption assay as
shown in Fig. 1. Each Ab showed absorption of SOD

;:Sn' |0"_ _......;a absorbed with
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Fig. 1. Quamnatwe absorptmn of SOD cnzymanc acuvn;y with
mabs, 100 xl of | ug/ml SOD was incubidted with 5 107 anti mouse
IgG conjugated iron particles preincubated with 100 4l of varous
concentrations of mAbs; 15 (#), 13 (Q), 14 (@), or F3.4 (&). After
separation of free SOD from Ab-bound SOD on d magnetic field,

-residual activity of free SOD was measured by an inhibition assay

utilizing MCLA-dependent chemiluminescence. Reaction mixtures of

sample SOD for chemilurninescence assay were made by a 100-fold

dilution to give a 10 ng/ml concentration for an unabsorbed sample,

SOD activity was expressed by ng/mil estimated from a standard curve
‘ of SOD.
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Fig. 2. Compelitive inhibition assay for detecting SOD specific for
respective mAbs. SOD reactive with respective mAbs was measured
by a competitive inhibition assay with sample SOD in solution on
binding of each mAbs 10 SOD. On a plate 50 4 of | xg/ml mAbs,
15(A), 13(B), 14(C), or F1.4(D) was incubated with 50 »l of 0.75
»g/ml SOD unabsorbed or absorbed with the mAbs for 30 min and
the mixture was then added to the plate coated with - SOD. After 30
min incubation, the Ab binding 10 SOD coated on the plate was
identified  with biotin  anti-mouse 3G  developed  with  the
avidin-peroxidase complex. Reactivity of sample SOD with each Ab
was expressed as % inhibition of the Ab binding 10 SOD. The
absorbance at 492 nm of control Ab binding without inhibitor SOD
was 222, 182, 173 and 168 for Ab 15, 13, 14 and F3 .4, respectively,

activity in a dose-dependent fashion, reaching a max-
imum at a concentration of over 30 xg/ml. Ab 15 ex-
hibited over 95% absorption at these points, while
others showed 70-80% absorption, leaving 20-30% of
residual SOD activity, This result implies the presence
of a fraction of SOD reactive with 15 but not with either
F3.4, 13, or 14, This was further confirmed by testing
the reactivity of SOD with respective Abs by an ELISA
after absorbing SOD  activity with each Ab. The
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Fig. 4. Standard curve of the fluorescence ELISA for native Cu, Zn-
SOD with mAb 15 (e) or without Ab for ¢caating the plate (O).
Abxorbance af background withau SOD was 22,

amount of SOD reactive with a respective Ab was
measured by checking the competitive inhibitory activi-
ty of SOD on the binding of the Ab to the SOD-coated
plate. In Fig. 2, after absorption by 15, sample SOD
lost its inhibitory activity on the binding of all Abs to
SOD onthe plate (Fig. 2A,B,C,D) but SOD absorbed to
13, 14 or F3.4 still retained inhibitory activity on the
binding of 15 (Fig. 2A) to SOD in contrast ‘with the
complete loss of such activity on binding of 13, 14 and
F3.4 (Fig. 2B,C,D). These results indicate that 13, 14
and F3.4 recognize the same subfraction of SOD, while
15 recognizes fractions, both reactive and unreactive
with other Abs. Next, the reactivity of these mAbs with
recombinant SOD was examined, Fig. 3 shows the
results obtained by the same ELISA used in the first
screening of the Abs. Two kinds of recombinant human
Cu,Zn-SOD were used to coat the plate, one had the
same amino acid sequence as native SOD but the other

B
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Fig: 3. Differential reactivities of mAbs against artificial recombinant SOD. 50 xl of various concentrations of each mAbs, 15(®), 13 (0), 14(0),

or F3.4 (A) was incubated on plates coated with artificial recombinant SOD in which Cys-111 residue was replaced by Ser (A) or with recombinant

SOD . with the native amino acid sequence (B). The bound Ab was identified with biotin-anti-mouse 1gG Ab developed with the biotin-avidin
complex conjugated with peroxidase,
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had a different sequehee- with Cys-111 réplaﬁcd by Ser,

The latter form of recombinant SOD has been reporied

1o be free of charge isomers [22]. Ab 18 reacted with the
latter form of E0OD (Fig. 3A), as well as the former type
of SOD (Fig. 3B), while other Abs failed to react with
the latier form of SOD free of charge isomers (Fig. 3A).
These results suggest that F3.4, 13 and [4 may recognize
a'subfraction of charge isoforms of SOD.

Our present results indicate that only one of the

mADS, 15 is reactive with the entire population of aciive
SOD and other Abs are thus Inadequate to identily the
entire SOD activity. Therefore, we used 15 10 establish

a specific and highly sensitive enzyme immunoassay for

determining SOD, employing the fluorescence sand-
‘wich immunoassay, from which'we expected higher sen-
sitivity than the conveéntional colorimetric assay. Stan-
dard curves of SOD purified from human erythrocytes
were made by serial 3-fold dilutions as shown in Fig, 4.
The SOD was detected above the background tevel as
‘low as 100 pg/mi and the activity level reached a plateau
with ‘increasing concentration at 30 ng/m). The assay
system was specific for 15, since no increase in
flurorescence intensity over the background level was

detected when the plate was not coated with the Ab.

Thus this new fluorescence sandwich encyme. im-

munoassay provided one of the highest sensitivities

compared with colorimetric enzyme immunoassays and
chemiluminescence assays so far reported and is ex-
pected to be a better tool with which to quantitate
limited SOD levels in tissues and body fluids. The com-
parison with results obtained from enzymatic assays

such as the MCL A-dependent chemiluminescence assay -

is going to be further examined using crude SOD in
various tissies.
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