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Pressure- Induced Spectra l Shi fts in 

Hemoproteins 

We have oh~crvcd the pressure-induced spec­
tral shift in Ihe spectra of hemoglobin and its 
deriva t ivc>; . The cOlllpounds in vcstigatcd were 
Illet hCllloglubin (p H (UJ), lIlethemoglohi n fluoride, 
metlwlllnglobill cyanidc, oxyhclIloglobin, deoxy­
hemoglobin, IH'Ill:ttin, and hcmatoporphyrin 
IX. Yigure J :;holl's t he res ults for t lie Sorel band 
:lbs nrptioll. Within experilllcntal crrnr (±5;t) we 
~aw no dlal1ge of the pnsitirJII of the a alld {3 balld 
of oxyh('nwglohin and hematill or ill the 5fiO-1ll1' 
ba nd of deoxylH'lllog1olJi n lip to the prcssllre of 
2000 It till. 

The efTects nbf<crved arc all ordrr of lI1agllitlldc 
greater thall 'Jne wOlild expcct by allalo~y to 
othcr aromatic systrms (1). 
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FIG. 1. ~hift in the position of the Soret band al 
:l5 °C for different hemoproteins. Hemoglobin wu:, 

prepared from t he freshly drawn blood of an acinI! 
male by was hing the red blo'Jd c('lls with 0.ge; 
saline and centrifuging of the stroma after henHlI · 
ysis. Concentrations were abollt. 10-'. Hemu­
globin was oxidized wit h ferricyanide. Experi. 
ments were carried out at pH 7. Ligand concen­
trations were 10-3 ; phosphate buffer concentra· 
tion, 10- '. Sigma Hematin was dissolved in 10-; 
N NnOII. T1rmatoporphyrin IX 2 nCI (California 
Corp. for Biochemical Heseareh) was dissoh'cJ 
in disti ll ed waleI'. 6, Hematin; 0, oxyhemoglo· 
binj X, hematoporphyrin; 0, methemoglobin: 
0, methemoglobin fluoridej D, mcthemoglobin 
cyanide. 

H is II'cll demonstrated that the position of the 
Soret halld is proportional to the paramagnetic 
sllsceptihil i ty of the met hemogluhi n compound 
(2). The advnlltages o f inves tigating the high spin' 
low spin tnlllsition hy prC'I;Sl1t'e, rather than iJy 
temperat lire variation, are twofold: (I) protein, 
arc stable ullder pressures IIp to 3000 atm, but they 
denature IInder relatively lo\\' temperature varia· 
tiollSj (2) the Soret band po~itions in F ig. 1 cover 
the whole range from high to low spin forllls, ~ 
rallge lIut available by temperature variations. 

A ll the abs orption bands investigated :Ire 

porphyrin 71'- ... * transition. According to pre· 
violls observations (1), an approximately line:lr 

relationship can be ohtai ned het wc('n wavclength 
shift IIl1der prf'!SSlire and diC' l('ct ric cons tant of thr 
solvcnt. Sinee in t h(' lilllitrcl prC'~"nre r:tnge uf our 
experiment., the dirlcctric cons tant of the 1; ,Iln'n l 
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,.h:lliges lillt':trly wit h pr(',.;slIre, olle s honld ,,"taill 
:1 linC'ar re lnt ion:,<hip bct wcen applicd prC'ss lire 
:ln t! wavelcllgth ::; h if t (If the f'oret ballc!. Thr Inck 
oi this linear relation indicates thaL the wave ­
le ngth shift is nuL due to thc eITed of the solvellt 
hut t":lt it is C'alls ed by a change in the pl'C)tein 
~ t ructl1l'r. Sinec the hrme proteins contain void 
l'lllullle;; ( the "heme pocket"), olle would ('xpeet 
til :lt the ehallge in wavele ngth is raus ('d by the 
:l pprunch .of the EoI' F helix to the ir<JII atom of 
the porphyrill ring. 

Thc fact tha.! neither the hematin 1101' the por­
phyrin Rpcctm sholl' allY variatioll within expcri-
1II l' lIta l f'rrors fmther Htrengthells the argunl(,llt 
iha t t he large clTeet is :\ part iCll lar property of 
III,' g lohin -heme complexj ill partieubr it s uggests 
il1l' cas y ('ompl'css ibi l i ty of t he heme pocket. 

The di::;tance of I he F helix to (he heme is 
birly well fixed, ::;ince the imidazole of the F8 
hi~ tidine is in the fifth coordination position of the 
h('lIle iron. PJ'eviolls work on the pressure -induced 
frequcncy s hift of the nbsorption hands of transi­
lion meta l complexes illdicates that much larger 
prr~s ilres :He needed to comprrss this bOlld . The 
IIIw -spill methemoglobin cyanide clocs not show 
:t 1l.1· pressure-illlluced shift. The Soret hand of 
II Ie I he llloglobin and Illet hemoglobi n fluoride s hifts 
t"ward the Soret balld of methemoglobin cyallide. 
This suggests that what we observe is the dis­
placemellt in the high spin-low spin equilibrium 
of t he methemoglobin compounds. 

This may be dlte to ei ther t he replacement of 
the low field l igand w ith the Ei imidazole or by 
the compression of the bond between the lo\\" field 
ligand and the heIlle iron. 

llel'cntly, Coutermnn (3) suggestcd that both 

the", and (3 hanels and t he ~orct halld h:lve their 
origin in the hC':tvil y (ni xed, Il c arly degellerate 
a2. ("') --> I!u ~(-n") and al .. ( ... ) > eu· (II' ) t rall s itilJw;. 
Tf t hc rfTee( of the prc'ss llre is the s hllrtc'lIillg of 
I he bOlld 1(' lIgt h IJet \\'OC'II t h(' ligalld ill the s ixt h 
c(Jo rdillati o n pos iti"" alld the iron atOIl1, iL is 
illt('J'eslillg that olle ohsrrv('s Sll\'h :l large drart 
in the Soret bnll(l positi r)n hut not ill the p"., ition 
of I he", alI<I (t bands. 

[ 11 sumnl:1r.v, the high prrSS llre opt ie :1! t('rh­
lIiqlte srelllS 'to b(' a promis ing :lppro:l('h til eluc i­
date the nature of tile lIigh s pin-I,",- s pill trall s i­
tion ill hef'lloprotrill s . We :l re ext Plldillg 'JIll' mca::; ­
IlremelilS to c()vrr all of the ultraviol('t :wel visible 
s peel I'll I rnnge. 

We thallk :-11'. John Sif'l'sse n alld his s tarr for 
the hclp ill thcdesign ~ lld (,OIlSll'1lctioll of the high 
prl'HS lIl'e eqllipment. 
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Erratu m 

Vol. 122, No.2 (1967), in the arlicle entitlcd, "Wur;;ter's Blue :\fcdiated Oxidation of 
X.\OH and Phosphorylation in :\[itochundria," by :\L G. :\Iu,;tafa und T,;oo E. T(ing, pp. 
.jOHi08: 

Page !i03, leig. 1, ordi nl1.te shou ld rend: "J.L:\ [ Odscc." 
Page :'i07, Fig. 7, coupl ing siteI:-;hc>LtlcI be located at reaction stcp 2. 
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