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1. Introduciion - ' 30 cm {or the protein from 4—5 ? of packed red blecd
o o | celis. The column was eluted with starting buffer (0.02
Humen and bovine eryvihrocyie superoxide dismu- M gacodylate-3CY, pH 6.5), then with .02 M cacodyt-
1azes have heen isolated and shown 10 be of almost ate-HC1 buffer at pH 5.5 and Tinally with 0,05 ¥ caco.
identical chemicel composition {1, 2] Nuclear magne- dylate-HCI at pH 5.5, The enzyme was eluted with the
tic relaxation dispersion studies on bovine superoxide final buffer. The purified proiein was dialysed against
dismuiase have indicated that a rapidly exchanging water and lyophilised. The final preparation was homo-
water molecule ma:umes Gre of the copper higand geneonus by polyacrylamide ge! eiecirophoresis and
sites {3, uliracentrifugation. The yield was about 20 mg of pro-
In the preseni paper we wish 1o describe evidence tein per # of packed red blood cells, The human and
" givina the presence of histidine residues ai or close to - boving apo proteins were prepared by the method of
the copper binding sites of both human and bovine .~ "Weser £1 al. [4]. Copper and zine were determined in
superoxide dismuiases, This evidence was obiaired - the holo and apo proteins by Atomic Absorption
* from *H MMR specirz at 270 MHz of human and - Spectroscopy {Perkin Elmer Modef 303).
bovine superoxide dismuriases in ihe native and ape Prior o ' H NMR experiments, protein samples

fmm. N L ‘ * (approx. 30 mg/mi) were ncubated in 99.8% deutesi-
o ' um oxide {Norsk Hydro-Elecinisk) at room wmp. for
22p 1o 72 br und lyophilised in order to deuterae ex-

2. Materiagls andmethods - - .~  chargeable protons, ' ¥ NMR spectra were obtained
sl L S oL : for protein solations in dewtsriom oxide using the
Bovine erythrocyte snperoxide dismuiase waspre-  modified Bruker HFX-90 console and 64 Kgimss supar-
 pared | as dlready described {1]. The human enzyme ~  conducting mag:et {Ox7ord Instrmments Lid,) of the
| was prepared by & modification of the -vmr;ﬂﬂum of . Cxford Enzyme Group, All protein solutions coninin- -
- Banmisier et al, [2], Crade human erythrocytesuper- -~ . ed 0.4 mM T8S (3-{hnn°1h}'15ﬂy]}-pmpane su‘lph@nate) |

 oxide disrutase was jprepmed hy etharicl:chloroform . - 'a:s miamal sianﬂazﬂ
13' 1, vjv} fxaz:hnnahan of naurtdamed human'red hlncﬂ L : :

- cells, The crude protein was. pmaﬂeﬂ by three stages -

jtof chmmamgraphy on QAE-Sephaﬂe;i {P&ra:rmam S
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3, Results zand dxs;:ussmn T T j o xelam'ely Sma]l prmenns wnh :rmg-currmﬁ s}nf:teﬁ meihy]
. R L © TBSORANCES &t ]ngh-ﬁeld numemus re.sn]veﬂ TRSOIANCES -
. ‘The 270 MHz "H I\MR specua m‘ human and bz:wme B 10 lowsr field, and finally the rasmnancas dnz 1o amma—
#po superoxide dismnitases are shown in fig. 1{A and ~ 1ic residies at Jow-field, Perhaps the most striking fea-
D). They show features typical of the NMR spectra of - 1ure of these spectra is the apparent simplicity of the .
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1Dw~ﬁe]d (amm hc) xegmn (l?S D—2~4D€) H,z from in- |
terna] 7 TSS). In pdmi:nlm 1he peaks at 2365 Hz in the
_spectra of the buman {fig. 1A; ;pf:ak 1) and bovine
{fig, 1D, peak 1) apo proteins may be assigned as
imidazols C-2 resopances [5] and sorrespond 10 ap-
" prox. 6 histidine residoes per molecule of protein,
 In marked contrast to the apo protein spectra the

- "HNMR spectra of the human and bovine native super--

“oxide dismutases {fig. 1B and 1E) show no distinct res-
onance at 2366 Hz. Consequently sharp resonances al
this frequency arg & prominent feature of the relevant
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ﬂlfference spactm i’ﬁg. ]E and ]F) The ﬂnfexsn@e

specira also show sharp resonances between 1920 azd
2070 Hz'in the aromatic region and throughout the

' meﬂly] region {7000 *rom TSS). Though many of -

thiese speciral differences may be due o differencen

in conformation of superoxide dismutase in the native
and apo forms — the Lrajor effect is presumably duz
1o the paramagnetic copper{1) which wit] affect ths
relaxation thnes of the proicn rescnances end this is
reflected in the pronounced broadening of the imid-

azole Tesonances (peaks 1 and IF) m the native pmn.m,
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Reﬂuctmn wﬂh :sodﬂum énhmmte gives a d;amagnc-'?
B m rnpper{l) pmtr:m which: has an | NMR Wpeetmm sime -
-flar 10 that of the. apn protein, suggesting that no mifjor | |
- "dmle residues ﬂmey wmﬂn} gl’va dramahf’a]ly 'bmadened'

L TESODCNCES. .

structural eh-an;ge occurs on binding of the copper.
“The mmﬂ-:ed effect on the histidine 1 TESDIRICES sugﬂ
gesis that 1 *hey are relamaly close to the Cu ioms. .
The }msndme residnes giving rise 1o theze bmmdezm:d
srescnanﬂes st be of narticular inte rest since al Ieasi
one of the two copper binding sites of superoxide:

‘dsrutase has been identified as the Latalytic centre - -

FEBE LETT ERS

| 'Ma:} '1‘973,,

: r-‘=_¢ of ﬂlE.‘ enzyme [6] Rer:en”t F';Jde:aﬂ:e Dbﬁmneﬁ fr@m .' 3'
- EPR spectra suggests that each copper(I1)ion has three.

nitrogenous ligands [7, 8] If ihesg ligands were histi

“To arrive at mmre quanmahve mfnrmatmn Feil ‘Ihe :

- éim;:mm of the protein making ns2 of the rnnpner(ll)
ions as intrinsic-perfurbations of the "1 NMR spectra,

a study of systemns where the vopperﬂ]) is in a *fast
emchange” f*tmﬁmcm ‘has 1o be made This is daﬁ’ﬁi:u]tl'

_mudL a1 pH 5,5 and @D
SS mtemal standard
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: '\to that of the copper(ll) ions. -

Su»h te hmques, combunng the use of d:t‘t‘erence .

: spectmscop}t 110] ‘and the intrinsic probe propemes
of Cu®* should be applicable to any copper protein
which exists in the paramagne lic and diamagnetic
states,
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