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'lb. dislIOoiat.i.on ot two h •• prote1ns, obiok h_glob1n and bov1D. 

liv.r oatal ... has b •• stw:Jiè 1n preSIDO. ot 101110 (LiCl., NaCl., ICL ad 

CaCl2 ) and DOD-ion1o solutes (t01'llaa1d.., urea, gu,,,,dine-b;Jd1'oolüor1d. and 

2-ahlol'O.~l), énd :ln th. tlk,Hn. pH range ot pi 8.0 - pH lli6. 'lb. 

_tct ot dissociation cl.J*Mis on th. nature ot th. 801nnt .ed1a. At a 

10w prote1n cono.tration bodn.l1ver oat.lu. d1ssoa1ates. 'lb. poss 

conf'01ll&t1on ot obiok h_glob1n in th. ion1o l1'd DOD-ion1o solute. 18 DOt 

atteotecl .. 1Dd1oated b7 th. dsooa1ty • ...ur.IDta. 'Dl. oont01ll&tl.oD ot 

bo-dn. li.,.. oatalue, however, appears to b. &tteow.. 'Dl. Soret baDcl 

1nt.la1ty ot both th. protcns r.-1ns unatteotecl1n presIDO. ot 1on10 

solutes uo.pt CaCl2• Non-ion1o solutes cleoNas. th. Soret band1nteaa1tsy. 

Both types ot solutes affeot th. tIlII1JIàt.io aot1v1tsy ot oatel .... 

'lb. aIk-11n. dissooiation ot chiot h.aoglob1n appe&1"8 to b.gsn 

at pB 10.3, and that ot bov:ln. liver oatalas. at pB 9.'. 
J. OOJIpar180n ot th. dissooiation ot cb10k h..oglob1n &Dd. bo-dne 

liver catel ... pointe out that the over-all torc.s holdiDg th. nbUDita 

ot ob1ck h..,globin 1n th. po~erio tora are gnater tban thos. in bovin. 

l1v.r oatelu.. PHl1.1.nar,y studi_ on avian (cluok and obiok) h..oglob1Ds 

indioate that the avian h.aoglobins are moN res1stant to dissooiation than 

th. _alian haoglob1Ds (hlDun adult, huun tetal, equ1n. and bo'fiDe). 
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S!UDDS 01 ASSOCIAflOl-DISSOaIAf.IOl PJBICIII!lA 

or J8H1-PBJ'lIDS 

1h. d1e80oiation ot t.o b •• pzooWna, obiok b~glob1l1 ad bonne 

11.,.. oatalu. bu b .. stad1ed iD pru_o.ot 101110 (LiCl., laCl., ICl ad 

CaCl.2 ) ad 1IOD-1oD1o 801utes (tolUldd., 111'8&, paWine-b;ydrooblor.td. ad 

Z-oblol'O.tbaDo1), ad iD tA. alkallD. pB raIII. ot pB 8.0 - pB 11.6. Dl. 

Idmt ot d1saoo1ation d.peDds on tA. nature ot tA. 801Te1lt il.... At a 

lo. proWD OODoetr&.tion boY1B. 11 ..... oaWue di8soeiates. 1h. poliS 

oontomat1on ot ab.1ok bllllOc1ob1D 111 th. 1onio aMlIOD-101l10 801utes 1. IlOt 

atteoted &8 1Dd1oated. 'b7 tA. vUoosi't7 aeasur.cts. 'lb. ocmtollUtioll ot 

boriD. liftl" oatalu., how .... , appeal'8 to b. afteoted. 1h. Sltret baDd 

1Dteai't7 ot botA th. protallls r.IIÛS aatteoted. iD prueo. ot !oIlio 

solutes .a.pt CaCJ.2. 1OD-1oD1o 801utes deoreas. th. Soret bmi iDtad.'t7. 

Both ~ ot solutes atteot th ... ,..tio aot1~V ot oatal.u •• 

1h. a1kal1D. dissooiation ot obiok b..oglob1ll appean to beg1ll 

at pB 10." ad that ot bov1n. l1ver catUu. at pB 9.'. 
A oaaparJ,80n ot th. di8l1Ooiat1oD ot ohiok b...,globm am bonn. 

l1Ter oatüa •• po1Dts out tAat tA. o~all toro .. boldiDg th. nblmite 

ot ob1.ok blllOglob1ll iD th. P011aer1o tora are greater thaD tAo •• iD boY1B. 

l1Ter oatalas.. Prel1."na17 studi .. Oll aftall (duok aD! obiok) b.oClob1ns 

iDdioa1:e tAat th. adan b..,globins are IIOre resUtant to dillllOoiat1oll thaIl 

the • .1"an hlllOglobms (hœun adalt, hllUD tetal, equ1n. mi bonn.). 
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'!he p~s1ooohe1oal studies Oft pl"Ote1n struoture ha" prov1ded a 

better 'Wlderstanding ot the relat1oDllh1p betveen their JI&01"œM)leaalar 

stmoture lIId the1r biologioal fanot1oft. Iaoh Pl"Ote1n retlects a 'lUl1que 

s8qU8fttial arr..-ent ot a1Do ao1ci. tolded 1nto a ocapaot shap.. Stadia 

ot various ld.Dd8 show tbat pl"Oteins 11&1' be ooapnsed ot a sDgle polJpept1de 

oha1n, or lIUlt1-oha1ns. 'l'he ll1Ilt1-oha1ns retleot an usoo1atioft ot s1gle 

polJpept1de ohms, lite or UDl1l:e, vith or vitbout ooval8ftt 11Dkaga b .. 

tvelft the oonstitut1ng ohdns. In sOIIle oues Pl"Ote1D.s, l1k • ..,aes, nead 

pl"Osthetio gl"Oups to perfoDl the1r speo1t1o b101ogioal f1mot1oft. R.e­

pl"Oteins are 1nl'Olved in variou. biolog1oal tunotiou, e.g. JI1Ogkb1ns ard 

h8llOglob1n. (l, 2) aot u ~lIR8Jl oarriers, cytooh1'allle-o (,) hftotions u a 

revers1ble eleo'trom.o oxidation-reduot1on oarr1er, oatalase &Dd perox1due 

(4) u ox1do-reduotases. 

'l'Ile mol8C\Ù&r weight ot h8DOglob1n 1s appl"Oz1mately 1ntegral multi­

ples ot the Jd.nimum lIOleoular we1ght obta1ned troll oh_1oal anaqd.s ot the 

heme. '!he iroft oontent 1n '4IIDglobin, t1rst aOG1l1'&teq reportecl by lDgelhart 

(5), was 0.3S~ Buad on tb1s value th. DliIdBnDlllOleoular we1ght per hee 

vas oaloulated u 16,700. Bowev .. , Ada1r (6) reported an app1"Omate 2101-

eoular weight ot h.og10b1n &II 60,000 - 68,000, aaploy1ng osmotio pressure 

JIleasurements. In 1926 fi. s1mllar value wu obta1ned by Svedberg and rahraeus 

(7) durirlg the tint ultraoentritugal anal.ys1a ot pl"Ote1ns. tater on in 

1934, Svedberg lIId RedeDius (8) reported the IIIOleou1ar we1ght ot vertebrate 

h8llOglobin to be ot the order ot 64,000 - 68,000; the only exoeption be1ng 

tbat ot the oyclostomes wb10h wu 17,000. In 1933, PaderS8D (9) observed 



2. 

the dependenoe ot the 1I01eaular ve1ght ot borse hemoglobin on the prottd.n 

oonoentration. 'lbe 'S' ruue ot borse h8lOglobin sbowed the JU:Jd.Ina value 

onq- 14 thin a det1n1 te oonoentration range. 'l'1se11u and (hooss (10) ra­

portecl tbat the value ot the d1ttuslon constant (~,w) 1noreased urkeclll' 

vith 1noreuing dilution Dip111nl there'b7 tbat the h8lOglobin 1I01eaal. dis-

soo1ated at a low protein conoatra1:1on. 'lhat the oaotic pressure inoreu­

ee! vi th the deoreue in the oon08lltrat1on ot tetal sheep hemoglobin, as 

obserY8Cl 'b7 MoCar~ ~ Popj8k (n) oould be ap' .1Ded b7 the tact tbat 

the haaoglobin dissoo1ates on d11ut.1cm. Buee! on the aper1aatal resul ta 

reveaJ..1Dg the dependenoe ot S wlues on conoentration ot horse am ùeep 

hemoglob1ns, Gu.t...~ (12, 13) oonaludecl tbat at a 'YfJr7 10w protein OOD­

oentration th. h..,globin 1I01ecule ftrst dissoo1a""s 1nto bal,"s and tarther 

on to quartera. ReoentJ.7 tb1s obsenation has bec cont1lmee! b7 SahacJmam 

8Dd mielstein (14) tor lmuD ollP..oglobin. 'lbe stab111V ot hemoglob1n 

under varying pH conditions wu studiee! b7 several AUthoN. Aooord1ng to 
~ 

Gral8ll (15) borse BbCO did not dissooia"" wlth1n the rage ot pH 6.0 - pH 

9.5. lbwever, Field aDd O'Brien (16) dalOnstrated that huun hemoglobin 

d1ssoo1ated into diIIers in the ac:1d1o pH's, pH 6.0 - pH 3.5. a:b1b1tbg a 

single Sohl1.eren peak 111 th a b1"Oadeld.ng. ot the secHaen'tation bo1md.ar;y. 'lbe 

b1"Oad peak wu attribl1ted to a rap1d assoo1atioD-d1ssoo1ation equ1l1br1.'UIIl. 

tTs1Dg 1igh~soatter1ng and. oSl101:1o pressure lIle&SUNamta Re1ob1Un and 001'f1D 

(17) reported a m8&l1 1I01ecular wight ot 20,000 tor borse htIIIOglobin in the 

pH range of pH 1.8 - pH 2.0. Data in the ear17 11 tenture 1nd1oate that 

the hemoglobin 1I01ecule dissoc1ates at an alJc.11ne pH as well &8 at &Il aoid 

pH oondit1on (18). In 1959, Basserodt and V1Dograd (19) obs8l"ftd a 



!'8ft1"81ble and .,..et.r1c d1ssoc1atlo!4 ot hl1llWl oU'boz.ol102Th.oglob1n to. 

halt lIOleeales between pB 10.0 - pB U.O. Renl ta repol"W by lur1bara 

aDd Sh1bata (20) were BOt 111 total agre8l8llt as th.,. showed a deoreue iD 

S ftlue wb10b vu DOt aooœçan1ed by a decrease 111 lIOl8011lar wight. The 

dissociation ot home, h1IUD and tetal O&l"boIllODOl!1h8lOglob1nS to cHaers 

at .'b]1De pB (the ruge .~ed pB 5.7 - pB 11.0) ".. obsG'ftd by GotWeb 

.t·~l1c (a:). 

O:moentnted salt eolut1oDS were also able to diuoo1ate halO­

glob1ne, although the h..,globlu ot d1tterent &ldaal speo:lee ditl'er oon­

s1derabq iD the1r beba-dor. BIll'k and Grelllberg (22) obtd.Ded a moleoular 

we1.ght ot 34,000 tor boree b..,globiD iD 6.66 H urea. '!'he et:reot ot urea 

and other .:ide der1w.t1Y8S on the secHmentaUon and d1ttu1on OODStante 

as "eU as other pl"Opert1es ot boree oarbolllOD02;JblllOglob1D wu stud1ed. b;y 

Ste1Dhudt (23). 'Dle S value deoreued tro. 4.5 S iD _ter to 3.2 S iD 4 H 

urea, and the D2Q,v value 1I1oreued tl'CIIl 6.9 to 7.8 x ler7 _2 seo-1• 'lbe 

value ot 'S' wu 1Ddep8Ddent ot the t1ae ot aposure to UI"8&, and ot urea 

conoentration betweerl 4 H and 8 H 111"8& (23). rom_ide and aoet..1de p1"Oduo­

CId 8D etteot sSa1lar to tbat ot ur8& (23). In contrut Omtter et al (24) 

obta1ned onq a elight deoreue 1D IIOleoular s1~e ot horee h.oglobin 1D 4 H 

urea and DO deoreaee tor hœaan h.oglobiD al tbough the deoreue iD the S 

ftlue vas neel)" the s.e. lur1bara 8Dd Sbibata (20) sbowed tbat the di .. 

soc1at1on ot borse h8llOglobin began at 1.5 H UI'8& and 1IU complete at 8 H 

urea, in wh10h the 1I01ecnü.. m.t u àimere. tml1ke Ste1nbardt (23), 

these authore obsened. a tartber deore&se :ln the S values 1D solutions con-

ta1ning 4 H urea or abcve. On the other baDd, 1D 2.5 H gu.an1d1De ~ 
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, 
ohlorid. h-..globin dillsooiated to d1Ilers and vith an 1I1oreu. in eolute 

OODOen'tzoation. moDOJlerll .... proc:luoed. th. dissooiation b.1ng OOJIPlete at 

6 H guan1d1ne Jvdroohloride. l'Il 1965 Kawahara et al (25) Il'bIdied the di .. 

lIOoiation ot h_an ouboœDJlDlr;1b8llOglobin in prueno. ot urea. gaanW
'
ne 

~ohl.or1d.. llneral org&D10 lIolutes 8DCl CaCl2 by .va1uat1Dg th. wight­

aftrage lIed1aentation ftloo1V oo.ttioient &8 a tuotion ot reagent ooncen­

tration. Theil. 1nvelltigatol'8 d..,nlltrated that in th. pre.enoe ot th. atol"e­

aentioned reagents dillllociation pl'Oo ....... to d1mers w1~t a-q appreciable 

oonto:naational ohans. ot th. nbaD1ts. CJun1d1n. Jvdroohlol"1de at high 

conoentration d1ssooiaW h8lOglobin to JIODDIlera vith a.pl.te untolcl1Dg ot 

th. polypeptide ohainll aDd th. :rel .... ot th. h_~· group traa th. pl'Otein 

moi.ty. 

'!'he dillruptive .ttect ot ooncentrated. laC! solution on h1IuD and 

hora. h8ll0globin hall long been Imovn. '!'he e&l'lier ultraoentr1tagal analysis 

b7 Anderllon (26) and the OSIIIOtiO pressure JleallUr8lents by Gtlttreund (13) 

1ndicated a decreas. in JIOlecular weight ot heoglobin in HaCl solutionll at 

a oonoentration above 0.5 He 'l'hat the S value ot hUlW1 o~_oglobin de-

onased tl'OII 4.4 S to about ,.6 S in 1 M laC! and to 3.3 S in 2 K laCl wu 

reported. b7 RoIlIli-l"ane1li .t al (Zn. Cecil and Snow (28). Grollaun aDd 

Tantord (29). Benesch aDd Be!!esch (jO), aDd Benelloh et al (31). Th ... in.,... 

tigators also noted the dissociation ot hemoglobin in ooncentrated ICl 1101. 

ution. In 1964 Kirahn.r and Tantord (32) stated that the observed decreas. 

in the S values in salt solutions retlected the dissociation ot hemoglobins 

into d1mers, the solutes used in their studies being NaCl, CaCl2• MgCl.2 and 

8lIIIIJOnium. sultate •. 

'!he molecular wight ot bovin. globin and borae globin vu est1mated 
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to be 37,000 and 29,000 respectively employing osmotic pressure lIleasurements 

(33). These data vere substantiated b1' the ultracentrltugal analysis ot 

Gralén (15). Smith and his collaborators (34) demonstrated two chemical.l.y 

distinct components each ot lIlolecular weight 16,000. The molecular wight 

ot &dult and tetal human globins evaluated in a salt-tree 1Il8di1Dl by Rossi­

Fanelli et al (:)5, ~) vas 18,000 and 41,000 to 42,000 at a moderate ionic 

strengt;h. These authors vere ot the opinion that native globin near the 

iso-ionic point displa1's a reversible aS80c1ation-d1s80c1ation phenomenon 

in vhich are lIlOlecular species, monomers (a.- aM ~-), d1lllers (cil) am tet.­

l'&1Il8rs (cre) 2 participate. At an acidic pH, dissociation reaches a 1IIILXimmIl 

aM two electrophoNtic components (molecular weight 18,000) appear (17). 

These experlmental results suggested that in certain conditions ot pH the 

h81llOglobin molecule ma1' UDdergo a reversible dissociation producing d1lIlers 

and monomers. The ~rodynam1c studies on helllOglobin indicated that in 

solution the Molecules are ~trlcal and spherlcal in shape. The Motion­

al ratio was evaluated as l.l.to 1.3 (2, 18), the diTergence trom 1.0 being 

attrlbuted to hydration ot the protein lIlOlecule .. 

Stadies ot viscosit1' increment (37), dielectrlc dispersion (38), 

and 10. angle x-ra1' scatterlng ot hemoglobin (:39) are in good agreement vith 

the siBe and shape as revealed by x-ra1' crystallographic analysis. Studies 

on the atomio model ot hemoglobins showed that the hemoglobin Molecule is 

spheroidal vith dimensions, 64 x 55 x 50 g (40, 41) and vith tour interlock-

ing electron-dense strams, two ot one type (<< chains) and two ot another 

(13 chains), arranged in a pseudo-tetrahedral arra1' to tom two subunits each 

consisting ot two non-identical cr. am 13 units. GeoDletrlcall1', the a-cha1n 

is ~ui te similar to the S-chain (42). The tour heme groups are located at 
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the surtaoe o~ the aoleoule :in ~our w1deq separated. pookets _ecldecl :ln 

the po~ept:lde cha:lns. 'lbe 1ron atoms lie at the oorners of an 1rregul.ar 
" 

tetrehedJ'on. 111e distanoe between these pl'lOsthetio groups 1s ~ar too great 

to pend.t arq d.1reot :interaction betweeD them (4,). '!he surface area of 

the ca-obabls flDCtq' ft t those of the 8-oha:ln, aM s:lnoe the ca-oha1n 1s 

inwrted over the B-oha1.n, there 1s a large area of oontaot beween th_. 

Van der Waals interaotions between a lIUl t:1 tude of s1de ohaine as we1l as sev-

eral hydrogen bonds poss~ contr11late to the struo~al oampl __ ~~ 

1Ih1ch ex1sts between CI and 8 ohains. Recent stadies b7 Perut& and his 0011-

aborators basecl on 2.8 1 resolution ("-) revealecl tbat œ.S8, contaot 1s more 

extensive and JUde 1Zp t.h1rty-four reddues whUe that of csf!2 1s n1netèen 

residues. Bo contacts between l1ke oha1ns vere visible, hovever tb1s do .. 
• 

DOt preolude the existenoe o~ salt 11nlcages in-wlv1Dg ca-amiDO and oarboql 

te1'lll1nal residues. '!'he possible polar links are ffnl. 'lbere 1s a large 

• oentral oavity, representecl b7 two boxes 20 x 8-10 x 2S A tbrough the core 

of the molecale ("-). Near17 an the polar s1de oha1ns &re in contact vi th 

water or bI the internal oavity, vhUe the non-polar res1dues lie in the 

:inter1or o~ the 1nd1v1dual subun1ts or in supert1o:1al orevioes to -i!Jimi me 

contaot with vater or else at point of contaots b.tw6~ the unlike subm1ts. 

1h1.s oharaoter1stic syaaetrioal organ1mation of the four subud ts 18 essen­

~ 1dentioal vith hemoglobins w1.th IIIOlec:nüar ve1ght near 64,000. '!he 

pneru construotion o~ the native tetr .. erio hemoglobin moleoule in aqueous 

env1rollllent appears to be suoh &8 to lead to the least me energy and. the 

greatest possible entroW of the protein (4S). 

Al tbough the hemog10b1ns of m8lllDl8ls and other vertebrate speo1es 



show great un1tora1ty' in si~e &Dd. shape, the teDdenq towude depolperis­

ation variee! w1deq frai one .".,.al speeies to the other, even _ong the 

s_e speaie~ For -...pl., humaD tetal haaoglobin 121 resUtant to al kaline 

dena'turation 1Ih11e h1DlW1 adul t helllOglob1n is alJca"',·lablle (~). 'lbe var;L.. 

ebUity in alkali-resistaDce aharaoterist1cs ot avien haDOglob:1Bs bu be_ 

reported b7 Saba and bis collaborators (47, 48). An anan h..,globin ot 

ll8X1aua al1cal1 resistaftce, ah1ck h.oglob1n, wu abose tor the preset 

s'tud7. ~iological enviroDllental conditions ot ahiak htllOglobin d1t1'er 

:trcB tbose ot .... l "1 en heaoglobins in e1.ectrolyte concentration, ~ taç­

erature and rate ot ciroulation. 'lbe pN88DOe ot IIUltiple haaoglob1u iD 

avian speaies bu been reported by Saba and his ao-wl'kere (119-51). 'lbe 

situation 18 d.1tterent iD seae other an1mals, e.g. helllOglOb1ns ot sheep 

(S2), deer (S2) and goat (S3), where the occurrence ot dittel'eDt (two or 

IIOre) types seau to be oontrolled b;y allelomorphic genes. Nozmal lmuD 

h-.oglobiD is JUde up ot one .. jar OOIIpOnent, Db A, and IliDor OCIIpOnente. 

HIltants ot hUIIan hemoglobin A (.54) are IIOst 1lUIIl81"OU8 and w1deq stud1ee!. 

CI- and. 8-chain substitutions aq ocaur vith one a'1no aoid or t1IO a1Do 

&aida (SS, S6). 

The 'S' value ot the .. jar aaaponent ot chiok htllOglob1n wu toUDd 

to be 4.2 S (lB) in &gre_et vith value8 reported. tor other vertebrate h..,. 

globins. The :1Btrinsio dscesi ty oi chiak hfllOglobin was toUDd to be 3.S • 

,.6 cc/F (S?) lIhich is essentially' identioal to tbat reported tor oarboD­

mollO~aIlOglob1n • by lawahaPa et al (2S). 

'nte chiok haaoglobins ditter tram .8II'Ial1an hfllOglob:1Bs (hUlll8ll and 

horse) iD amino aoid OOIIlpOsition. The rJ-Z-' 81
2-, 0,22' and 82

2 ohains ot 
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Sb 1 a:nd Sb 2 contain 311, 3].0, :"00 aM 286 _1120 &cid reaiduea (SS), 

adult lnDun and borae halOglob1ns oontain 282 (59, 60) and 292 (61) :rea1duea 

onq in the ca- ad. 8-oh"D.. The llUIIlber ot lvdropbob1c rea1duea 18 greater 

in chick hemoglobin than that in the _ .. alian hemoglo bina. Table l pre­

aeata a caaq;arative a1ao ac1d. OGIIlpOait1on ot chiok, duck, horae aDd h1II8Il 

hellOglobina •. '. 

AIJ.otber,h_eprote1n.·bo~e:11vercatalu., hu bee adopted .. 
. '" ... ,...... . " . 

amodel d1ir1Dg . the .prea'tmt·~~atiga1:1oJl~I1'he oa~ ... ue reapirato1'1' 

eI1~~(B2"2fB2'>2~1do .redu~taa"BC1.'n.l.6);1ftwlftCi in the bièlog1cal. 
:'" ,- .... ~. " /; .." . , " .. . . '.' . 

oX~t.1()nl?B2Q2 ,~2Hào .;. 02iiCatalue acti'r1v iapreaent in near17 an 
:ajd •• lcoUë.d<org~,I,~e.' .U~r,. e~a,'milddney are r1ch -sourcea. 

> •••• ',' ", • : ,','.' .' 

'l'tietumonz. ra~ tor cata1aae 18 Ver7 b.iih, tor<or7atelj1ne oatalu.. the 

··c:~t~è".~·~-dt1Jlat.:~.J·~ë.,~:·~~O~«)()··to60.000 'depeDl1ng on the 

. aO~~.ot'the;enZ_" (4)~ 1heenr;1a1c propertiea of ea~ .. 1801.&ted tr. 
. .. . . .' . 

~ sourceabas been eXiena1vel7 atud1«t(6~6S),. but' relat1~ 11 tUe 

1ntoma't;:1on OD the, .tructul'eot . the proÛ!in llÔiety 1a·, Jcnom. 

In 19"' stem (66) deteJ.'!\'l1Jledtbe mo:tecular wight ot pur1tied 

catalaae, iaolated trolll borae, pig.aDCloow livera,hora. lddney- amd co. 

er;vthroc,ytea as 68,900 aDd atated thattbecatalaae molecule had ,a d1mensl.on 

s:bdlar to tbat ot halOglopin.stem aDd lqckott (64) obtainecl n StOl' 
. . . 

equ1ne l1vereatalase and. suggeated the molecular wight to lie betveen 

2S0,000 and 3<)0,000. A molecule ve1ght ot 22S,OOO was reported by Agnel' 

(6S) tOI' his preparation ot equine liver catalase. Agnel' observed that the 

catalase solution was not bomogeneous, since a oomponent (:".2 S) made up lS 

to 2rYf, ot the preparation. In 19:38 Sallner and Gral~ (62) obtained 11.:" S 
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WI& l 

JJdno .lc1d o-po_ltion of _allan, BDl'I. aDd BIuD (~61.)and AYiaD, 

Cb10k and DIlok (!J8) baoglob1u • 

..... : . adale Chiale Da • Dlak 
li:»n •. 'J4alt Bb1 . · . .,2 S,1 .IL!' 

!pin. 44 lM- 47 44 47 47 .' 

B1aW1n. 38.' , ·38·.· . ". 26 36 ". 
jrg1IdDe 14 12 19 19 18 20 

Aapart.1o _id 54 50 S3 54 56 56 

2bNoJdn. 24 32 " 28 30 22 

Ser1u 38 32 24 Zl 26 'S 
Glutaio Ao1d 36 32 49 61. ,119 86 

,'ProliDe' 22 28 2S 22 23 26 

~o1D. 48 40 ,s 34 ~ 'S 
AlaniD. 62 72 80 70 88 93 

01'-/2 4 6 8 8 8 9 

ValiD. sa 62 sa .54 59 !J8 

MetMoD1n. 4 6 7 12 6 l' 
llIOlèacine - 29 18 Zl 6 

Letto1De 80 . 72 74 68 68 74 · 

'r.'odne 12 12 17 17 12 21 

fheD71alamne " ,0 " 32 " " 
TryptopbaD 6 6 8 6 



for tbeir preparation of 0178+..111ne bovine 11ver oatalue, 8Dd oaloulated 

the 1I01ecular wight to be 2lI8pOOO us.1Dg 4.1 as . the dittas10n coeft1oient. 

In 1940 these AUthoN reportec1 a ftlue of the d1tfts1Oac, coet1'1o:lent for 

both equ1Ïle and bovine 11ver oatalase 1'4 be approx1mately 4.5. '1'h1s gives 

a 1II01801Üar wight value of 225,000. Aocording to Deutsoh (fil) equ:lne 

erythrooyte oatalue bu sboved n.8 S at a protein conoentration of 1.~, 

the dif'taslon constant 4.1- 4.2 :z: 1(1"'7 (Pick unit) 8Dd the oaloulatecl 

1I01~CI1lar W8:lght 1'4 be 250,000. hs:lt appear,s th&t the 1II01eoalar we:lght 

ofoa.ta1ases :ls~tween 225,OOOto 250,000 (4). 

Catalase . possuses a prosthetiO halle group linked to a protein 

mo1ety. lot' is a typ:loal globul:ar pl'Otein, OCIIpaotand. spariDgq solvated 

(62, 63). The latter oono1usion lias reaohed by Hal.mDn (68) trca the a'bldies 

on the radius ofg1!'ation vh:loh :ls39.8 1 meaaured for bovin. 11ver oatalue, 

and by Shirakawa fromthe intr1ns:lo v1scosity value of 3.9 oo/g ot a fa:lrq 

active s8lllple (69).'lhe intr1ns1o v1soosity ot .039 dl./ga at 4° reported b:r 

Samejma aDd Y&1'lg (70) also 1mp11es a compaot IIIOleeule. 'lbey stated tbat 

the ax:lal rat:1o ot the Molecule wu appl"O:dmately 5.0 &8s1D1ng &1'l e1l:lpso1d, 

• the major axis or 1ength be1ng 240 .A. 

Tanf'ord and lDvrien (71) suggesteel tha t C178tall1ne bovine 11 ver 

oatalase has a sed1mentation ooefflcient value of 11.6 S. The lyophilised 

oatalase pender 1n solution produoed tbree components, n.3, 7.6 and 4.15 S 

wh10h oorresponded to the who1e, hal.t a1Xi quarter mo1ecules respectivel.y. 

In coJlvast, Ssmej1ma and Shiba'ta (72) reported the presenoe of subunits 

one-sixtb the 1Iho1e mo1ecule in urea and l"ormamide solut1ons. Schroeder 

et al (73) reported tl"OIIl theil" studies of the partial. am1no aoid sequenoes 
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that bov1ne 11ver catalase is cCllllpOsed ot iden~cal subunits, aDd S .. ejDia 

and YaDg (79) vere also ot the same opin1on. Schroeder et al detected 460 

residues per subunit vhich lIIOuld aocount tor about B5~ ot the total residaes 

if tour I!IUbwdta are present, or 65~ if on17 three subunits are present. 

'!he l'l1lIÜ" ot acety'l groaps per mo1eoul.e ot 250,000 averaged S.,. If the 

D1DIlber ot subwd. ta vere consideree! as tour, an unequal distriblt10n ot 

acet71 groups is 1mplied. Based on the t1nd1ngs 'ot e1ectl'on 1Ilic1"OSCOP7 

8tud1es, Valentine (75) suggested in 19611. the presence ot sb: ehd1ar sub­

units, tour ot vhioh are ident1cal, lIbereas lDnglq (76) interrecl the pre­

slllce ot tour sublmits. 1I'1'0Il1 e1ect1"On mio1"OscoP7 studies, SuDd et al (71) 

1ndiaated that the catalase mo1eoule aonsisted ot tour subunits ot equal 

sime. 

Reports in the ear1ier 1iterature indiaate the dissociation ot 

oatalase both in acidia and alkaline solutions. Sumner and Gral:n (62) ob8-

ervecl at pH 9.9 , 1.2S -S ...r4~5 S OO1IP»fttll'ba, and at an aa1dia pH (pH 2.8), 

1.6 S component. Sinae a single ~etrioal peak ot 4.6 S or lower 1ALS obt­

aiDed vith aoid- or albl~-dena'blred oatalase, Tantord and IDvrien (71) 

suggested. that a oomp1ete dissooiation to quarter JIlO1eoules wu acbieved. 

On the alkaline side a p1"Ogressive dearease in S value with increasing pH 

18 observed whioh th.,. saggested was due to possible UDto1d1Dg ot the .1-

ecule. In 196, Samej1ma. and Yug (70) observed. the deorease in S value ot 

aatalase tram 11.4 S to 4.5 S upOn aaid denaturation. AIJ the acid-c:lena'b1red 

p1"Otein sbowed a mo1ecular veight ot 120,000, Salaej1ma and Yang concluded 

tbat the native aatalase moleoule 18 a1ea.ved into t., ph7s1aal.l.7 iDdisting­

uishable subwdts. Reaent17, Samej1ma et al (74) reported tbat bovine 11ver 
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catalase dissoclated iDto 41nd1st1Dguishable subunlte at pH 12.0 aDd 

molecular we1ght of 60,000, accompanled b7 confomational changes of the 

moDOJller1c unit. 

A OOIIlpllcated plcture ewlved :f'l'OIIl the stuc:l1es on the d1ssociation 

of bome 11ver catalase iD presence of non-ionic solutes. In fOnD-ide 

(0 - 14 K) and urea (0 - 9 M) SUlejima and Sb1bata (72) observed the pres­

ence of three ccmaponents - '.0 S, 6.0 S and 2.1 S, vhlch thq attr1buted to 

subanits of 1/,. aM 2/,. aM 1/6- sue of the native IIlOlecul.e. In, H 

f01'lll8ll1de the presence of '.0 S component vas detected &Dei its proportion 

:1ncreued vith increu1Dg fomam:1de concentration. At 8 M fom_ide the 

6.0 S cœponflll'lt tiret appeareci aDd the concentration of , S OOIIIpOneDt d .. 

creased. Above 10 M f01'!ll8ldde, the 2.1 S COIlponent appeared.. '!hese 

inV8stlgators concluded that dissociation of catalase occurred. iD tbree 

stages 1 t:1rst to the subunit of slse 1/,. wbole molecule; secondl.1' ra­

combined to a slse representing 2/,. whole molecule, and th1rdl.y dissocia­

ted to the sub1m1 t of 1/6- whole molecule. ,In urea solutions the , S COlI­

ponant app_rad in the range , - .5 M, togetber vith the 11 S CCBpOnent. 

Above 6 K urea only tbe 6 S CCIIIlpOnent wu observed. For ure., the d1s800-

iation occurred in two stages; tirst to the 1/,. molecule and then to the 

2/,.. molecule .. (12) • 

.Althougb the catalas88 vere lsolated :f'l'OIIl mey eource8 relati~ 

11ttle 1ntomat1on on tbepdmary structure of the prote1n moiev ls ava1l.­

able. In 1947 BonnichSeD (78) reported some of the 8ZId.m ac1ds present iD 

equine 11ver catalase. Later Sohnucbe1 (79) reported. the adDO acid ocmp­

osit1on of bovine 1iver catalue. In 1962 Schroeder et al (80) publ1shed 
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the 8IIl1œ acid composition ot two m8lllll&lian (equine and bovine) 1iver 

cataluee. An evaluation ot the peroentage d1tt81'8llce in the llUIIIber ot 

residues and in the ratio ot one am1DO acid to aœtber nggeat a d1tf'­

erence in l)'8ine, arg1D1ne, hist1d1ne, upartic ac:1d, glutam1c ac:1d, valine 

and pheD,Ylalanine oontent. The)" also obsened a d11'terence in the chrw:lu,. 

tographic behador ot the bovine 8Dd equine live:' catalasee on DBAB cellu­

lose. Wb1l.e equ1ne l1ver catalase .erged 1'l"om the co11111Dl vith 0.1 M tr1a~ 

BCl buf':ter, pB 7.5, 0.2 M concentration ot batter vas required tor bovine 

liver catalase. Th1e 1mplies a d1:tterence in the aurf'ace charge charact8r-

1et1os ot these two 1iver catalas_. 

Iwnœch.a1cal aDd chadcal investigation undertaken by Saba et 

al (81) on the live!' aDd er,ytbroqte catal.ae:es i801ated t1"OIIl var10us m .. -1-

ian speoies (borse, OOW, rabbit and man) revealed the s:lm1larities aDd dis­

s:lad.larities ot the epeo1es-epec11'1c enQJlles. Since the antigenic detezmiD­

ant sites retlect the am1Do &cid sequence ot the part1cular sepent ot the 

polypeptide chain, the immunochaa1cal cross-reaotion implies a strong 

s1milarity' in the antigen1c sites ot th.e catalueei (fable II). 

The oontomatlon ot JIl&OI'œIOleoul.es CCIIlpOsed ot 'Y&17ing proportions 

ot hel1cal and DOn-hel1cel segments, are detemined m~ by the intr .. 

molecular torces (82) even tbDugh polymel'-solvent interactions mq af'tect 

the contomation to var10us degrees. Analyses ot protein contoru.t1on by 

x-ray dittr&ction studies in recent yeare bas provided us vith aomewhat 

clearer understanding or the relatlonship that exista between the etruc'blre 

and tunctlon ot the protein moleculee. AccoM1ng to curent crystallo­

graphic etudiee ot proteine like cm,motrypein, ribonuclease, carbox;vpept:1d­

ase A, carbonic anhydrue, oytoch1"Oll1e-C, ly'soQlle, IIJ1Oglobin, and hallOglobin 

(8), 84), the protein molecule 18 COIIIpact vi th a wall detined 1nter1or aDd 
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BLe I!& • 0.1 -
~ 116 1.26 l20 

81s 89 70 74 

Arg 1,0 121 126 

Asp 294 266 284 

~ 96 10'1 106 

Sel" . 97 101J. 95 

Glu 197 21, 21' 
Pro 166 167 168 

Gq 155 1.54 142 

A1a 154 1.57 1.54 

O3s/2 - 12 

Val 141 156 147 

Met 41 44 45 

n. 79 85 89 

Lem 154 162 152 

~ 86 80 78 

Phe 132 120 132 

O3steic 
Acdd 16 26 25 

1'ryp 22 24- 25 

• Jnil. Saba, unpab1ishè observation. 
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exter1or: the inte1"1or d1st1no'tq DOn-polar, the eacte1"1or polar in ohe­

acter. The cooperative interaotion· between the solvent 8D'I11'IOaaent aDd 

the pl'Ote1n moleoulu 18 ot rital iIIIpozotaDoe. A 81IbUe obarJge in the sol­

,"nt endm.nt (aqueous media) does DOt neoessaril.y' obaDge the grose 

contol'Jll&tion of the pl'Otein IIOlecale. 

Ltcp1d. vater, a dipolar 1I01eoule, exists as an usociation of 

more thm one moleaale (85-89) wh10h stau trœ the to:nution ot h1drog8l'l 

bonds betvHll adjaoent _ter moleoules. At arrr 1nstant, _ter 1II01eoules 

mq he tetraboDded (1oel1ke), tr1boDded, diboDded, IIODDboDded aDd DOn­

~l'Ogen boDded (tree yater), the IIIOle b'action ot eaoh epeoies be1Dg a 

flmotion ot taaperature (88). '!he fomat1on ot bydrogen bonds reduoes the 

treedam of moleoular motions ad. renl. ts in a Il10" orelerad struoture. lD1en 

an eleotrolyte 1s added to vater, 1t procmoed d1ssoo1at1on, the degree ot 

dissooiation heing depeDdent on the conoentration and the nature ot the 

eleotl'Ol\rte. Sinoe simple ions have dimensions mcl charges oamparable to 

those of the vater IIIOleoule, th.,. oan be expeoted. to ohange the charge 

separation ot the vater moleoule thereby atteoting the vater struoture. 

1'hus the net etfect ot the ionic solute 1s to pl'OlIOte increasing disoreler, 

in sp1te of the tact tbat the vater JIOleoules orient thaue1ves arouDd the 

ion. On the other band. the addition of non-ionio solutes to vater reruts 

in an increasing order of vater molecules &1'OUDd. the DOD-polar solute re­

sul ting in an inoreasing degree of hydrogen boDd1Dg (89). Conoentrated 

solutions containing both iordo and. non-ionio eolutes have bem observed 

to atf'eot the po~er1o statua (90). The ~am1c pl'Opert1es of the 

prote1n IIIOleoule in a solvent ottera an UDderataDd1ng ot uq ohange in sue 
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and shape that JU)" occur when a prote1n :1s subjected to the 1Dtluence of 

atncture-d1s1'l1ptive ions (91, 92). 

Dle JIODCller usoc:1ation ard polymer dissociation in the cue of 

proteins have been exteDs:1vely stud1ed empl.o)":1Dg aed1mentation veloc:1t)" 

and equ111briUDl anal.yeea. '!he rate of sedJaentation (S value) of a pro­

tein molecule in a solvant env:1roJ'lllent :1s a f\mct:1on of :1tes:1ze and shape. 

A reduction in 'S' value 11Ilpl:1es a d1mun:1t1.on in s:1ze &rJd/or a change in 

the shape (91). The sedDlentatioD-veloc:1t)" Ilethod requ1res a detea1nation 

of the d1ttuaion coett:1c:1ent for calculation of the 1II01ecalar .e1ght. The 

sed1llentation equ1l:1br:1UDl m.ethocl prov1dee rather a direct approach to the 

evaluation of JIOlecular veight. In prev:1ous years, desp:1te the long dur­

ation requ1red. to atta1D an equ1l:1bri1Dll state wh:1ch exteDded over a few deys, 

the sedimentation equ1llbri1Dll exper1aenta vere undertaken (9:3-95)· and the 

results prov:1ded the conv:1nciDg evidence tbat the pheDalll8llOn of association­

dissociation occurred in proteins. The operational d1tt:1au1t1es &ilCOUDtered 

w:1th the sedimentation equ:11:1brium runs made the sedDentat1.on veloc:1t)" 

.etbod an acceptable and popular techn:1que for the 8 tud3r of the &8soc:1ation­

dissociation phencaena. A break-through was pro'i1ded b.v the approach to 

equ:111bri_ lIletbod as qgestad b.v .Archibald (96) aDd a recent adaptation b7 

Yphantis (91) for the attaimaent of equllibr:1ulll state w:1tb:1n a relatively 

short periode At this end, equ11:1brium analysis bas great1t;beenfac1l.:1tated 

b.v the outatand1ng contr:Sbut:1on of Schachlllan and his collaborators (98-100) 

in the CCIIIIlerc:1al availab:11ity' ot the automatic pbotoe1ectr1c SCamler (101). 

The e1ectronic absorption spectra ot the chrcllophor:1c groups 

retlect the lIleasure of the interaction vith the solvent and 8180 the 1eve1 
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ot the exc1ted s'tate (102). 'l'he solvent perturbation technique ot clitt. 

erenoe speotrosoopy as developed b;y Laskovsld. (103) 8Dd Herslrovi tz ad 

their oollaborators (1Off-106) bu pl'Odd8d valuable intomation in regard 

to the ava11 mi] i ty ot the ohrœDpboric groups. 'tyrosu.&rJd/or tr,yptophan, 

in globul.ar Pl'Ote1ns. The lIetbod CaD also he appl1ed tar the stucJy ot 

local1zed ooDtomational olwlges in proteiDs vith a proethetio group. The 

prote1ns stud1ed in tb1s 1I1vestigation as models conta:1n the prosthetic . 

g1'OUp, h_e (Pl'Otoporphyrin IX) (10'1) and shovecl an absorption JUXialœ at 

415 IIJI vith native halOglobins and at 4O'l1lJl vith native oatalas.. A 

change 111 the absorption .&xi.a in the h_e region (Soret bud 1I1tensi ty) 

tbus ref'leotlS the looa1.1tsed 1I1teraot1Dn betweeD the h_e groups, orev1oed in 

the polJpept1de chain, ad the part10ular solvent env1ro_ent. D1tf'erent1al 

absorption spectra ot tyloos1l1e appears &1'OUDd 295. &l'Id the relative in­

tensi ty moreues 111 th the 1I1crease 111 al ka' mi ty ot the lIedia. Speobo­

pbotolletr1D stucl1ea on the Vros1l1e ionbation with or witbout the help ot 

denaturanta pl'Ovide valuab1e intormation in regard to the degree ot avaU­

ab1l1 ty ot all the tyloosine rea1d.ues present (108-111). SDdlarly' the 

aooess1b1l1ty to tryptophan b;y solvent 1I01ecules can be stucl1ed by the 

solvent perturbation d1tterence speotrosoopy (106). S'b1d1es on the tlUONs­

cence aUssion speotra ot tr,ptophan prodde a relatively' direct approaoh 

to evaluate its ava1lab1l1ty (112-114). A shitt 1n the fluoresoence fIIl1ssion 

spectra e1 ther to h1gher wave1qths (tree tryptophan) or lover wave1engths 

(more bI1r1ed 'tryptophan) or ohanges 1n the quan'bml y1eld thus pl'Ovide us a 

measure ot localized cont01'll&tional change vith respect to the 1I01vent 

enviroœent ot tryptophan res1dues. 
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CHAPTBR II 

Sect1cm 1 

A. Preearation of Hsaog10bin 

Br;yt;hMoytu 1fere co11ected. in hepar1D1sed. isotonio saUDe at ,. 

b7 œtt1ng the jugular vain of the adult oh1oks (49, 115). A'dan er(tbl'o­

oytes vere 1fuhed. b7 8Uspend1Dg four Umes to ten Umes the1r vol,.. of 180-

ton1o saline at ,. and. sp1.Jud.Dg do1m eaoh time in a retrigerated. oentr1tugo 

at 600 x g for 15 min. The butty' coat vu rtIIlOved during the ".sh1Dg pro­

oednre b7 Slot1on. Paoked. oeU 'V01_e.· vas detel'llined by oentr1tug1Dg the 

erytbroqt8s at 1000 x g for 15 min. '!he paoked. a'dan er;ytbroqt8s 1fere 

then lysed. vith an equal vo1U11le of oolc1 d1st111ed. vater and. 0.4 'V01_e of 

toluene and. kept ovem1ght at ,.. The suspension ".s oentr1taged. at 10,000 

x. g for 15 min. at ,., olear hemog10bin solution vu withdrawn with a syringe 

and ~entr1tuged &gain at 10,000 x g for 15 m1n. The hemoglobin solutions 

vere stored in small vials at .20· and tbawed. pr10r to their use. The hemo­

globin solutions vere d11uted. vith the appropnate buttera to a solution of­

desired protein conoentration. Onder DOmal conditions of ezperhlantation 

the hemog10bin solutions "ere used only for two to three veeks wen stored. 

at oold l"OClIIl temperature. 

Ion-_ohange ohrolllatography on IRC-50 11-64 (B1o-Rex 70, 200-400 

mesh, 10.2 meq/g (dry' wt.), B1o-Rad TAboratones) vas emp10yed to separate 

the hemoglobins. Hemoglobin solution (2 ml, 50-100 mg) vas applled to an 



mC-50 11-64 colUlllll. 5 x 50 _. wb10h vas prenousq 8Ci .. 111brated vith 0.15 

H Na citrate butter. pH 6.5 (SS). The co11Dllll vu developed with 1n1tial 

developer (500 ml) o.t 0.15 H Ba citrate butter. pH 6.5 ad chuged to Ba 

citrate bIltter. pH 6.5 ot higher Ba concentration. Bltter solut4Dna used 

in the ohl'Oaatograph1c developaent contained 20 mg KCN/liter ot solution. 

Fract4Dns (5 ml) vere ooUecteâ. 8DIÎ absorbanoy ot eaoh traction vu detem1n­

ed at 415.. vith a Bec_m Qu.rtz DU Speot1'Ophotollleter. The peak sonu 

vere pooled and ooncentrated by centr1tagat4Dn ot the d1lute solution at 

4° and. 10,000 x g tOI' 16 -br. The concentrated h .. globin solution tbus 

obtained vas treed ot bIltter salt by c:l1a1.1ziDg agdnst sevval changes ot 

appropriate 'bitter. 

B. Preparation ot Catalase, 

Bovine 11'981' catalase vas obtained tI'OIIl Boehr11lger aDd Sons. 

HaJmhe:lm, Gel'lll8D7. and also prepared in our laborato17 aooording to the 

lIetbod published by' Saba et al (81). .sctial.l.y the liver tissues vere 

gro1Uld. Ve17 tine vith a .eat gr1Dder and. lysed vith two 'VOl_es ot distUled 

vater at 1'OOIl talperature. The solution wu then centr1taged aDd the precip-

1tate removed.. The prote1ns in the supernates vere rallOved by usiDg ethanoll 

cblorotorm t3al, v/v) JI1xture. 'l'he mixture WAS stirred tOI' 30 Jdn. and. the 

coagulated proteins vere tint removed by t11tration through a tine 1lUsl1n 

oloth 8Dd. the tine partieles suspeDded in the t1ltrate vere the rèIIOved by 

oentritugation at 20°. The solution conta1rdng etbaDOllohlorotom m1xture 

vas conoentrated in an evaporator and the denatured proteins vere oentr.L­

fuged. ott. .ADIDoniUlll sultate tr&ctionation (0.3 - 0.6 saturation at pB 7.0) 
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1I&S camec! out, the precipitate dissolTed iD diatUled vater and the res­

idual ammom.UlIl sulf'ate removed. by dialysis againat vater. 

The dia~ed solution vas treated vith Acetone at _150 and the 

traction that ns precipitated at 0.3 - 0.6 saturation vas processed !ur­

ther. The centritugation vas camed out at _200 during the Acetone traot­

ionation. The resulting precipitate was dissolved in the mm1llQJll aJI01Dlt ot 

cold vater and dia~ed exhaustivell"at 30 to free the solutiOI1 trom acetcme. 

Ammom.UlIl sulf'ate precipitation was carried out alternatively at pB 5.0 ard 

at pB 7.0, the cycle being repeated thrioe. The purlty of' the preparation 

- vas cbecked bY using the absorbance ratio of' 278 aDd 407 1IIJl. .At tbe eDd of' 

tbe three cycles of' orystallisation with aDIIIlOmUlll sult"ate at pB 5.0 and .t 

pB 7.0, the quality of' the material that orystallised tirat at pB 7.0 oould 

not be improved by repeatecl crystallization ail judgecl bl" the absorbanoe ratio 

ot 2'181407 DIJl. Further purification vas obtained by oollœ1 ohromatography. 

Column chro1llatography ot oatalases vas carried out on oellulosio 

ion-emhanger DEAB-cellulose (Celle: D, ion axohange capacity - 0.67 meq/g, 

Bio-Rad. Iaboratories). The colman, 2.5 x 30 cm, _s packed with DEAI'-cell.u­

lose aDd equilibratecl at 30 with 0.075 M tris-BeL butter, pB 7.5. .A sample 

ot oatalase solution (100 mg in 5 ml) wa8 deve1oped. atepwise vith tris-BeL 

butter, pB 7.5: tirat with 0.075 M, 0.1 M &Dd tinally with 0.15 M. The 

peak areas axbibiting a mn1D1QJ1l absorbance at 2781407 JIll vere pooled. and 

concentrated. by centr1.tuging at 40,000 rpm at 40 in a Spinco Mede1 L pre­

parative ultracentr1f'uge tor 15 hr. Catalage vas tound to satt1e at the 

bottom of' the centrifuge tubes. The ooncentrate vas removed aDd dia~ed. 

against appropriate butter used tor the various exper1menta1 pl'Ocedure!3. 



'Sect1lln 2 

A. A!1De Mid Analuis 

Amim &cid analysis was pertormed vith a Beckman/Sp1nco .AId.JIo 

.Acid .Anaqser Mode1 120 B usiDg an acce1eratee! pl'OcadU1'8 ot 8JIiDo acid 

aDal7sis vith- a bltter tlovrate ot 70 ml/hr aDd n'1nhydr1n tlovrate ot 'S 

al/br at SS· (116). A short C01U1111l, 0.9 x S.O GIll tor buic 8IIiDD aoida, 

ad long co1UIIDS 0.9 x sa GIll, tor neutral. and ac1dic Ul1.Do ac1de vere used. 

'lbese co1U11Jls contained Beokman CI1stom Spherical. Rasin PJ,.3S and PJ..2B 

(Becku.n Instl'Ulllenta, Inc.). 'lbe amine acid analyser vu titted vith high 

sensitivit,' cuvette, range apUider and automatic regeneration syst., the 

recorder chart speed being 6ft/br with pr1ntblg dot every two seooDda. 'lbe 

baUers contaiDed n-prop8.DOl and benB1'l alcoho1 &8 auggested by ll1bbU'd 

(117). !l'or the œma1 protein hJdrolysis l'UD, the protein solut1ons vere 

dial:vzed exhaustive:q againat 0.1 M aaoniœ bicarbonate bIltter, pB 8.6 to 

rree the solutions t1"Olll salt. An aliquot representing approximateq' 1-2 

mg ot protein vas dr1ed ovemight at lOS· iD a torced circulation oven. 

The clried pl'Otein was hydro~ed vith glass distilled 6 1 Bel at 108° tor 

22 and 70 br. under vacuum. The hydrolyBis tube contain1ng pl'Otein and 

Bel vas repeatedly purged vith special grade 12 :tlushed through alkaU.De 

pyrogallol solution to remove residuaï û2. 'lbe hydrol.)rsis 10ss vas evaluat.­

ad 8Dd the extrapo1ated values of the amino acid residues/mo1e vere calcu1at.­

ad using !l'ortran IV language 8Dd Il!{ ,60 computer progr8ll1. 

Total cys/2 content vas deteminad as cyste1c acid after perf'omic 

acid orldation ot the Pl'Otein according to !obere (118). Tryptophan contct 
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vas JIleuured b.r hydrolyzing the protein (4-S mg) in 2 M Ba(OB)2 1'01' 70 hl'. 

at lOS· in quartz tubes in an a'bDosphere ot nitrogen (1l9). Ba wu rlIIIOvecl 

as BaCO, by bubb]jng 002 gas tbrough the solution followed by' oentr1tug1ng 

ott Baoo, preoipitate. The preoipitate vu washed vith dist1lled water aDd 

the oombined. supemate vu evaporated UDder vaouum on a rotar,y evaporator. 

The residue wu d1ssolved in d1st11.led _ter (10 ml) and. filtered through a 

s1ntered glass tunnel. 'lbe solution wu l;vophllitled and the oontent was 

d1s801ved in S ml ot 0.2 H oitrate butter, pH 2.2. 0.02S ml of 0.2 K Na~4 

solution vu added. to ensure oomplete precipitation ot Ba. 'lbe preoipitate, 

11' tomed., wu spun do1lll and the solution vas adjusted to pH 2.2 vith a 1'ew 

drops 01' oonoentrated Bel. 'rryptophan oontent vas detel'mined, us1Dg the 

am1no aoid analyser, on a short OOlUlllll, 0.9 x 16 0111, paoked vith BeokIIan 

Spher1cal Custom Rasin PA-,S (oross liDk1ng - 7.S_) developed at SS· vith 

amino aoid analyzer butt' .. , pH S.l. The nUlllber ot the 't17Ptophan residues 

vas oomputed by oompar1son vith glycine, alanine, va1.1ne and leuoine oontent 

of the protfdns. 

B. .Apa.1.yt1oal Ul traoll1tritsgation 

Sedimentation Velooitl Analysis 

The sedimentation velooity ooeffioient (S) values vere detel'!lined 

using a Beokman/Spinco Analytioal mtraoentritnge Model 1 titted. vith 

Schlieren opt10s, phase pla te md eleotronio speed. oontrol unit. Generally 

the S values were detel'llined. at a rotor speed ot 56,000 rpIIl at 20°. An-D 

rotors together vith single seotor oells, 12 J!IIl and 2° titted vith 181-1 
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center pieces, or double aector ce11s, 12 JIll and 2.So fitted vith tUlecl 

Ipon center pieces vere chillecl to 20° betoré th.., vere plaoecl· 1ns1d.e the 

rotor challlber. Soblieren plots vere photographecl by autaaatio o .. era ex­

posure systaa at 16"Id.n. intervù,s us1Dg l'odak plates 1031 and vith Wratten 

tilt .. No. 29 tor hcoglob1n, and Spectroscopie plate IIG &Dd t11'ter 77A 

tor catalase. The secl1lllentation '98looi't7 coetficient values (S20,.) were 

correotecl tor the actual temperature ot the oentr1tugù, raD, rotor stretch­

iDg, ftscos1't7 and density ot the solutions~ (18, 120, 121) u1Dg the 

Svedberg equation, 

S~o,w = ~ ~~Y' ~ 
CA> Ow\.. ? .20) W 

CA> is the 1'Otor speecl in radms/aec, r the distance ot the peak (the 

m1d point) f'1"om the menisous vith respect to t1IIle, t, and the term r'")t. , 

the viscosity ot the solvent at the taaperature ot the aper1aent, aM Y'} 20,. 
:the viscosi ty ot water at 20°, • the partial speoitic '9Olmae ot the 801u~. 

1'20,v the densi ty' ot the solution at 20° aM the pres8IIN ot 1 atmosphere. 

The te1'lll, 

(l-if )t, sol 'n wu ignorecl because ot 1ts insigniticant 

contribution towards the 520,. value ot the globular prote1ns (18). 

Relative ftsoosity measurements were carriecl out with CanDOn­

Ubbelohde sfllli-micro dilution viscometers (SO ml) at 20° ! 0.01° w1 th vater 

outtlow t1me ot 2.54 and. 'Zl2 seo. The relative viscosity was detel'lllined 

according te the equation, 



22. 

t 20,ao1'n 

V1 rel 
tzo,vater , 

1Ihere 'tzO,sol'n = outfiov t1me tor solution, tzo,vater = outtlov thle for 

vater (120, 121). The solutions introduoed into the vUOCIIletera vere 

re'geated17 tUtered through MUlipore tUters (pore aize 0.45 J1 ) titted 

in 5 ml 8)'l'1nges. '!'he intrinsi0 v1soos1ty ot the proteins _s obta1necl 

aooord1Dg to the oaloalat1Dn (120, 121.), 

[t'}] = lim ~, 
c.-.o C 

t =- outflow t1me tor solute, to = ou ttlow t1me tor solvent, 0 = g prote1n/ 

100 °111 solut1on. The concentration ot the protein (lIIg protein/ml ot solut1Dn) 

usecl tor the ul tracentritagal analysis and visoomet1"1' was detemined b1' 

dial.y'z1nt. exhauat1va11' a aoncen'trated 801ut.1..on ot protein aga:1nst 0.2 M 

1IIIIDm.11Il bicarbonate bIltter, pH 8.6, tollowecl by det8min1ng the dry' ve1ght 

which vas obtainecl by' drying an al1quot at 108- for 16-18 hr. in a toroecl 

c1roulat1on oven. Throughout these operat1Dl1s, precaut1Dns vere taken to 

raaove dust partic1es hrcn the solut1Dna by' t11ter1ng the repeatedl7 

through the Killipore tilten &rd using the glassvare vashed w1.th duat-tree 

water. 

In view ot the varying degrees ot untolding that aould be producecl 

in the polypeptide chains UDder ditterent exper1lllental aondi t1ons, 1 t vas 

dec1ded to m1x the protein solution w1 th the varying concentration ot solutes 

at a t1xed t1me interval (30 min) prior to the rotor atta1n1ng Ml speed. 

The total t1me ele.psing betlleen the m1x1ng ot the heog10bin solution vith 

varioua solutes and the laat Sch1ieren photo exposure vas approx1mataly 100 



min, wbereas in the case of catalase the tme wu approx1mately 80 ain. 

Solutions conta1n1Dg higher concentration ot proteins vere dialysed aga1nst 

0.1 M tris-BCl butter, pH 8.6. The protein and concentrated solutions con­

tainiDg various solutes vere JIl1xed in Rch proportion thAt th. des1red con­

centrati.on tor both oould be achieved s1aulataneously. For v1scos1ty detem­

ination the total time elapaing betv"n the mixing of the solutions and tap­

eratur. equUibriUlll 1nsl.de the bath vas approx\mately 20 JI1.n pr10r ,to the 

tirst nad'ng. The t1IIe b.tveen the m1x1ng ot the solutions and the lut 

v1scosiV det81'lll1nation vas approx1mately 90 min. 

Apparent dittuaion coefticient values (~O,v) vere det81'llined at 

20· b7 -.ploying Schlieren opt1cs, val" type and capUl&1'7 type synthetio 

boandar,y cella, a rotor sp~ed of 9000 rev/JId.n. D1f'tusion coefticient vas 

determ1ned tolloving the equation, 

(A/B)2 
D =-

4 nt 

wbere A is area, B 'he1ght and t time in seo. (122). 

Sedimentation 19uUibrium Analnis 

Sed1!!en~~n ~ibnUII exper1ments vere carr1ed out vith a 

Beolcman/Spinco Analytioal Cl traoentrU'uge Model 1 ti tted vi th ultraviolet 

IIODOchromator, automatic photoelectrio Se&mler (98-100) &Dei multiple oell 

scaming accessones (101). Both An-D (2 hole rotor) &Dei An-r (4 hole rotor) 

rotors in conjunction vith double seotor cill, 12 JIll, 2.5· tUled-lpon 

oenter pieoes vere used at 20·. Wh.m An-D rotor vas used, one ot the rotor 
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ho1es conta1necl the cell aDCl the other::the coanterbal.anoe (specit:lc:'for 

.canner operation). In the case ot·'·:the jn.F rotor. three celle 1f81"8 11Iecl 

1n COI1j11notion vith one ocnmterbal.anoe. A .hort liqu1d oolUllD. 0.n5 III 

ot prote1n solution, vas l.qer.;.j on 0.05 111 ~-43 tluorecarbon 011 (BecJc". 

man Instraaente. Inc ••. Sp:lnoo Divi.ion) 1n one 8ector ot the double sector 

oells. vb1le 0.2 111 but'ter .01ution vas plaoecl 1n the other seotor. Ha­

l1ton lI1orol1ter 8Jringes vere usecl tor the vo11D1e detera1nat1on. The 

prote1n solution wu m1xecl with soluUons oonta1Jl1ng vanous solut. c0n­

centrations prior to the 1n1 tUl. speecl (9000 l'JB). Righ speecl .ed1meDtatioll 

equ1l1br11D1 us1ng a short l.1q1dd oolUIID as de.or1bed b7 Yphantis (97) wu 

tollowed dur1ng the present s'tudy. The 1n1 tUl. ooncentration ot the pzoo-

te1n solution Co. vas dete1"ll1necl at 280 JIl11 • 15 lI1n a.tter the rotor at't.a1ned 

the 1n1t1al. speed ot 9000 rpa. Oooasi~ an overspeed ot 4000-6000 l'}a 

vas .ap1oyed over the aotual. operat1onal. rotor speecl to tac111 tate the oeU 

.en1sOUlJ olearanoe. Dur1ng the solvent:so1ute 1nteraotion studiee the .. rotor 

epeed vas so ohosen tbat the totLL t1Ile e1apsecl tor the atta'Dllent ot equ1l­

ibn,. state vas sade approxla'tely-:. the aae (15 br) for the d1Uerent sol­

ute qstad usai. At .. oh calibration 8tep. the optical densiv at 280 .,1 

recordai b7 the 80anner 'WU.:. relatai tothe prote1n solutions. the opt1oal 

den.ities ot wh10h vere dete1'll1ned s:1Jllul.taneouly at 280 laJl b7 a Car.v Recol'd-

1ng Spectrophotoaeter Mode114. The operational. paraeters tor;:the nol'lUJ. 

equ1l.1br1um rune vere u1nta1ned as tollcnnn operation - spl1 t bea; the 

opt1oa1 sl1t v1dth - 0.1 _; lIOde - absorbance; optical deneit7 range - 2 0.1>.; 

scanner recorder seneitiviv - 500 lIN/ca; 8can speed - med1,. (4.75 x 1); 

and scanner chart speecl - 5 -t sec. 



The denai't7 of the solutions vu detc:'B1ned. vith 5 III oap11J al'7 

vent pycnoaeters. The p.rt1al specific 'f0111lle, 9, vu detem1Ded b;r foUow­

:1Dg the equation, 

VOfP = ~ _ 1.. (f- Po) 
po c fo 

where ~ am f vere the deuities of sol vent and solution, aa:l 0 the prote1D 

cOllOentration 1n g/ml. of solution (91). 

Dur:1Dg the studies on solventl solute 1nteract1on, the part1al speë. 

ifto 'f01Ulle, 9, vas aS81Dled·te be constant for both the who1e aoleoule·and 

the subanits 1UIl.ess aentioned speoit1.call7. ADalysis of sediMDtation equ1l­

ibriUll data vas oarried out acoord1Dg te-: the equation of Svedberg ad Pedersm 

·(18), 

dlno 

Happ = 

vhere R is the gas cODStant, T the absolute t.:perature, , the part1al epec­

ific 'fOl.e of the proteiD, p the densi't7 of the solution, w th. aDgUl.ar 

ve1ocity" in radians/seo, 0 the concentration evaluated at a radial distance, 

r. The evaluation of the sed:llllentation equ1llbriUll data v1ll. he disouscd 

:1D the appendix. 

Al ka' 'ne Diss09iati0Q St!!?' es 

The prote1n solutiollS vere d1al.ysed at )0 aga1nst the appl'Opriate· 

butfer for 16 • 18 br prior te· the \1l tracentrifUgal anal.7sis. The butfers 

vere prepared by mixing varyiDg proportions of K2BP04, K)P04 and 1C1 te 
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achine the des1red pH and :1cm1c streDgth 0.25 •. The pH of the solution wu 

detem1ned by a BeclaDan Research Koclel pH aeter. 11'01'. the sed1JMntat:1on 

equ1l1br1,. experillents the requ1red d1lutiOJ1 of the pJ'Ote1n vu ade prior 

to the start of the 1"QD. 

c • Bpectrophotcmetric S1r!d1es 

Direct aIId d1Uerent1al. spectra UDCler sol vent pertub&tion I178teu 

V81'8 recorded w:1th a C&l"1' Double Bea Reco1"Cl1ng Spectl'ophoto.eter Kodel 14. 

The d1tterential epectra •• nr_ets.:1IU"8 carr:1ed out m rectangalar taud. 

double cella of path legtb 0.4375 cm, the cells (utched pair seta, Supra­

s11 Quarts) vere obta:1ned 1roa Bellaa, GHBR, Ge1'll&1lJ'. !he d1reot ab801'pUOD 

spectra vere obta1nee! vith l CIl utchee! pUr, Supru:1l. Quarts, dngle coçart. 

aent ceU. (BellIIa GMBH, ~). For 2"8&8OJlS descr1becl ear1:1er, the 'Ua. 

mterval of .ixin g the solute vith the solftllt contdn1Dg d1Uerat :1cm1c 

and ncm-:1oDic solutes and the spectral detem1nat1OJ1 vu lIdntdlled :ident1cal. 

In 1I0st cases, the çectra 1f8l'e obtamed trom 450 lIJl to 250 IIJI or to 230 IIJI 

u:1ng a ~gen lap. Ibr the sake of operaticmal cOJlY8D1eDae, the ~pIl 

l.aap vu usee! toI' the spectral. sh:1f'ts vhich lie between 350 and 450 JIll. !br 

the evaluation of the 8h:1ft :1n the absorpt:1OJ1 m."".· the solv8I1t base l1nes 

vere deteN:1nee! separately vith the aatched pair cell.ll. For both c1:1Nct and 

d:1tterent:1al spectra special care vas talœn w:1 th solvent and solution to 

avoid contn~nation by the dut partieles. A vavel8l1gth scan speed of 
o 

25 .1/2180 vas usee! 1UÙ.ess otherv1se aenticnee!. 

D:1tterential spectrophetoaet1"1e ti trations ot pbeol:1c groups vere 

c&l"riecl out using lOB ot vary1ng 1I0larit:1es as titrant.. Both the pJ'Ote1D 



27. 

solution &Di KOB solutiou contaiDed 0.2 K Bel. To A ) 111 vol .. o~ p1"Ote1D 

solution, ftl'11ng DOUDts ot titrant llftede11vered b7 A a1ozooaeter Q'riDge 

burette. AD iden'U.oal. vol .. o~ 0.2 K Be111'&s added to·~·lbe re~ezoeDO. pro­

te1D solution At n8l1tral pB to negate tb~ dUution effect renlted ~ the 

repeated. .td1tion o~ titrant to the saple ce1l. Bec1aun lles8U'Ch Hode1 pB 

_eter 11'&11 usaci for the dete1'ldDation o~ pB o~ the pI"Ote1n solution ;.:beloN 

aDd after each spectral detendDation. Precautions vere talc_ to kMp tJ1e 

solutions t.Ne t.roa Ataospher1o C02. 

FlUDrpcence 8pectp 

Fluorescence excitation &Dd mssion spectra _.lIU1WI8Dts .... per­

tomed on A Bi tach1-Perk1n Elaer J11lO1"ellcence Spectrophota.eter: lIodel HPl 2A 

titted with A NCo1'Cler wb10h was coupled to ..tsslon aOJ1OChromator vaTelength 

drive. A DDon luIp vu ued. J!8uur._ts are lUde :iD 1 CIl path 1agth 

celh o~ 10. tlUDZ'eIICence qUU'tII (P,roceU COIp.) the ce1l cOllpU"t.aet be1Dg 

the1"tlOstated At 220 • The t11Ile ot JdxJ.ng tor solventl801ute :lntaNct.iOP .. _ 

aa1ntdned constant &8 aentioned earlier. 111e concentration ot prote:1b ued 

vu 0.2 0.0., At 280 mJ1, operational paraeten.~"'1 ad.ssion sli.t 1I1dth -

4.: excltation slit v1dth - 10~; excitation wavelegth - 278 ç; t1l'ter­

)10 Bll: reco1'Cler sensitiv1ty - 4. 

En_c AcY.v1ty ot CataJ.ase 

The enzymic activ1ty was detem1ned by' lIie&S","""1."'lg the rate ot dis­

appearance ot ~~ :iD presence ot catalase. The procedure tollowed herein 

was that ot BQm1chsen, Chance and TheoNll (12) except tbat the concentra­

tion ot H202 was detem1Ded iodOllletricallJr accord1ng to SlDmer &Di Dounce (4). 
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Catalase solution vas d:1l.uted. 1I1th ice-cold 0.01 JI Na phosphate butter, pB 

7.0 &Di 1.0 111. of the dUute catalue solution vas added to 50 111. of hldrogtm 

pel'Oldtle solution (1 III ot 'j(1/, B202 iD 750 III ot 0.01 H la phosphate butter, 

pB 7.0). Iodoaet.r1c UtratlOD wu perfomeci to evalute the rate of dis­

appea:ranoe of B2"2 am the reaction oonstant K. 

l J. 
K. _ .. 10110 -

t ' A4 

where J. = ia. N~~ WIed at 0 1I1n, J..x • ml NA2S20'j used at 2, 4, 6 aDd 8 

miD, t • 0, 2, 4, 6 am 8 1IiD. Resulta vere expressed &s the deaN&8e 1Jl 

eDf01II1c aotiviVon the basis ot Kat.f value obtaiDed vith th. ccmtrol cataJ.-

ase solution. 

Kat.t = 
g cat.aase/ml 

Du:r1ng the evaluatiOD ot the effect ot the solutes on the eI1S1JIic actin:~, 

the concentration ot catalase vas maiDtaiDed the saae (4 mg/ml) as desc:ribed 

dur1Dg· the sedimentation TelociV e:zpe:r:lllents. The d1lution ot the ~atalase 

solution iD presence of . the pe:rtu:rbants to the desi:red proteiD concentration 

suitable tor the detemiD&tion ot eDQ'IIic aotivity vas made by usmgtbe s8lle 

solvent:solute systa. 

A'?!"'Ë'! - S!!s!',eptatiOD !9P'l'br1. 

Sed:2J!18!1tation equ1llbr1'U11l is attaiDed when the uter1a1. lIigrat1ng 

&cross & given SUl"tace iD & c8lltr1fUgal. d1reotion is exact.1.y belanced by the 

transport C8lltripe~ due te difiusion, i.e. the net transport per 1m1t 

t:1me, dm/dt, across the surtace iD the cel.1 i8 sero (18, 120). 



=-.--*' -4?? ~=4>rot (csw2r)-1)g~=O -r+clr 1 CL? 
wh ... 4» 1s the seotor mgle 111 nd1aua, pt the th1ckne8S o~ the ceU alOJlg 

the opticaJ. patb, r the distance :f'!ooIl the center o~ rotation to a sarface 

1d:th1n the ceU, lA) the angalar veloc1 V of the cell. 111 NiJ18Ds/seo, c the 

COllCeDtration o~ the prote1l1 solution, S the secl1menta:t.1on coe1't1c1_t ad 

D the diffu10n coetftcient .. 

s 
fi = 1 

c.Jt.C Y' 

cSvlr = D ;; 

de 2 d.l.n.c 
àr - W2 d.r 

Svalberg (18) p1"OpOsed the foUowirlg equation, 

Ri'S 
H • (4] 

for the dete1"ld.Da.tion o~ the Jlolecul.ar we1gbt of a solute. Substitut1ng 

eqution [3] 111 the Svedberg eqution [4] one,obta1ns, 

2 RT dlnc 

H= CS] 

Alternativeq, 111 the equ1librium state, the total potent1al (ch-.1.cal mi 

gravi tational potent1als) 1s assuaed to be unito1'll t.Juooughout the centrifuge 

ceU, i.e. the derivative o~ the total potential 18 set equal. to z~. This 

contention assumes an 1deal solution and thereb,y neglect& variation 111 den­

s1V due to concentration am pressure changes 1nside the ceU (120). 

Accord1ng to Gcldberg (124) the systaa at equ1llbr1um could be described'iD 
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tems of a cont1Jmous sequence of phalel of :t1xed 'YOl-.e ad intJnitel1aal 

deptb in the direction of the cen~ga1-:tield. Assa1ng that th. total 

potent1al. il unifo1'lll for tb11 heterogen80118 equ111bri:aa h. p1'OpOled aD 

equation, 

( 
- (r") (l')) 2 J ~ (~Ll.~) 1 Cr) 

M 1 - V f w r ur = ~ -=-.c.-.!. a..c 
t , l= 1 dC.14 TY)P CJ K 

[6J 

,when i • 0, 1, 2, • • • • , s. 
Becaule of the prelsure gradient in the centr1tage ceU and the COIIpres" 

1b1l1V of the solute ad 101ution, lI&IJ1' of the teNs are dep8Ddent on r • 

'l'hus the sed:lJlentation equilibr1_ equation il wr1tten vith (r) to denote 

that these tuu correapoDi to the surface At A distazlce (r ) f.l"oa the ms 

of rotation. The lIo1ecn1lar ve1ght of arrr cOJIpOIlent depends cm aU CCIÇODeJlts 

in the qstaa al axp:reISed b7 the te1'IIls (~JA-t/àCK) • In the case of the non-

1deal systems the ch..:1cal potent1al JA il de1'J.Ded (US) b7 p.i.=f-t- RTln a.., [7J 

vbere ~ il the chadcal potent1al in the standard lute, R the univeral gu 
1 

constant, If the ablolute t-1per:.ture iD 0 Xelv1n, &i the actlvity of the 1th 

componant. 

In -A syst. cOJ18ilt1Dg of A single charged Jl&CZ'OJIOlecular coapoon. 

et, component 2 &Dei & salt component 3 the activitiel &2 ad &3 of the sol­

ute coaponents mq be axpressecl in the Scatchard fo1'lll8l.1a (126), 

ln 0. 2 = ln ma + L VZl Ln mt ;- .~2. [8J 

Ln Q3 = E V31 Ln mi. + J33 [9J 

whare 11. = concentration in 1I0lalities. The sublCr1ptl 1 :refer to>the ion 

&peeies oompriuing component 3, and '))21 and V31 are no. of aolel of thes. 

'specias inoluded. in one mole ot eleotrically neutral. components 2 and 3. 

D1fferentiating the equationl 



1Ihere; . 

H2~ W. • &22(r) ~ + A2'J(r) ~ . 

My.'J a.r2 = ~'J (a.) ~Ù2 + A-J'J (r) ~ 

L· =-1 

:31. 

(lo] 

l).1J 

f).2J 

The part1al specifie vol_es '2 aDd v'J and the ~Uèm,,~-'*1't7 have bND 

&ssmaed to he 1Ddeperdent of T aDCl angalar vel.oc1't7 .w (124). Bl1"'n.t1Dg 

dm'J from the equtions [l'J] aDCl [14], 

e . cr») cl a Cr» 

MZ Lz - M3 L~ ::: Cr-) cl:z = a.u - f).sl 

If ft assume no interaction betveen the sal. t, component 'J aDCl the macro­

Jlqlecul.e, ccmponent 2, i.e. aZ'J == 0 (127, 128), equation [15J 121 reducecl 

to, 

• (r) 
=~ 

(l6] 

prorlded that the dependence of mz aDd ~ on r does not requ1l'e a variation 

in V21. The redistribution of sal.t al.one should he very sl1gbt in the 

centrifugal fields required for the sed1mentation equ1llbr1:œa aDCl the ettect 

of variation of JI) vith r cm be 19nored if the ccmponents are de1'1ned so 

that there 121 no interaction between sal.t and eOlllpOJlent Z (127, 128). 



Coab1D1Dg equat.ions [10] and [16], 

-' L- (ciln m )-' (~ \. \ .2/ A~ '\ M2 l. ~ = 1+ ma f Yet / Yn.t + 1'2.2J 

For d1lute solut.ions the &881D1lpt.ion v2t M.i. <. < 1 
rYI.3 

:32. 

(17) 

08D be JUde. 

UDder these coDdi tions the mo18C'lÙU' we1gbt obta1Ded in a sed1.mentat:lon .-quU-

1bri_ exper:baent 1s that ot cClÇOnent 2 as deftned b7 lett:lDg., = ~ 111 

d1al3s1s (127 •. 128). The moleaular ve1gbt then depeDds ~ on aeasareaellt 

ot concentration or a p~ proporUonal to concentration at a pos1t:t.on 

vi tb:lD the celJ.. 

2RT dl.DC 

[18] 

Theil the concentration d1str1but.ion ot the II&8S retlects the molecular we1gbt 

ot the II&Croaolecule. 1'b1s 1s the basic sedimentation equ1l.1br1,. equat:1on 

described tOI' selt association qst.s (129). For DOD-1deal qstes ot more t1w 

Oit ... ·, component, the basic sedimentation equ1l.1br11J11l eqution bas been descr1b-

ed aB, 

d.lnc 
~= [19J 

where l/Mw,app = l/Mv(c) + Be. Mw,app' apparent we1gbt average 1l01ecalar 

wight, am Mw,(c)' ve1gbt average Ilolecul.ar ve1ght at concentration (c) 

(130). For :1deal:-d1lute solut1.ons B = 0 at an concantrat.ions. 

In 1964 Yphant1B (97) described a technique ot det8l'DdD1Dg molecul.ar 

ve1gbt of mac:romolecular cOIIlpODents iD d1lute solutions Vfdch 1s applicable 



,to pa1lCid1sperse solutions. The suggester! technique waSI (a) operational 

rotor spped8 about tbree t1Jles h1gher tban unal 80 that men1scus aoncentra­

tion (Cm) oould be neglectech (b) a shon aollDD'l he1ght (app1'Ox. ,_), &Bd 

(a) d1lute solutioJ'lS (O .. O~ am belOV')~· As8\1Jll1ng the aonse1"9'&tion ot III.SS 

in a s8Ctorial aeU, the distribution ot the ua1"Oll101ecular aomponeDts(s) aan 

be desaribed by the tam1lj ar exponent1al expression, C = A e.xp ( O-r;'f) [20] 

where the constant A has the value 0.5 CofJ( r:-r~) 1 ap (dr':/2.). 

exp «(f".:;e.), d , the effective reduced molecular we1ght, 

c./" M (I-V pt 
RT 

w1th (l.ip)o evaluated at 1nt1n1.te dilution am pres81l1"8 ot l atm., Co the 

imtial concentration ot the solute, Yh and. Y'", the radial distance to the 

cell bottOJll am aeU men1scus trom the axis ot rotation. Using equation [20] 

one could obta1.n &Il idea ot the theoret1aal distribution ot a macromolecule ,in 

the ultraaentrlfUge ceU tor given operational parameters am H. 

The theoretiaal distribution ot the III&SS in the ultraaentr1tage 

cel! or in ether WOMS the slope ot the plot (lna vs r2) RS determined tor 

the ditterent proteins am their subunits at a partiaular angular velo ait y, 
w , using computer (IBM 360) program vith Fortran IV language. Far the 

hemoglob1.ns, the molecu1ar weight ot monomer, d1.mer and tetramer vere &sS1Dlled 

to be 18,000, 34,000 and ·6J},OOO.while the values tor catalase monomer am 

dimer vere 64,000 am 125,000. The partial specific vollDlle ot the hemoglobin 

subtmits vere asSlDl1ed. to be equal and. 0.749, and that ot the catalases monOller 

a1Xl dimer as 0.'730. These values vere asSUlll8d to be oonstant 'UDder an the 

exper1mental oondi tions ot solvent: solute interaction qst9lll usecl. 



34. 

'the ra aperimental data wu t1tted by the least square wrve 

ft ttiDg aethod to obta1n the plot lno vs iJ.. An IBK )60 cOIIIp\lter progra 

vith Fortrt.n 'IV l.aDgaage vas usecl. 
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Introduction 

The hame-p1'Ote1ns, l1ke haaoglob1D8 and oatalas",oonslst ot 

identioal and/or. near-identical. sabanits, tor «D1IIp1e, Jmman &duit h.ao­

globiD (Rb A) 18 coçosecl ot G am fJ chaine (ter reviev, l, 2). Though'the 

am1Do &cid sequence ot CI uxl fJ obdDs ditters mark~. two CI oha1Da and tvo 

fJ obaiDs oonstitute a tetraaer1c .01801l1.e - human &dult h8IDDglob1D, whUe 

two CI obains aDd 'bro Y oha:lD8 make m.an tetal h.oglohiD (Rb F). Altbough 

the over-all shape ot these prote1ns ls globular, the nbuDits are OOD8titut­

ecl ot iDterspersecl he11cal. &lad : .... el.ical segllleta. The sequent1al 8l"I'Ulge­

ment ot aiDo acid residues iD:f'luences the tONation ot he1.ioal and DOII. 

he1ieal segalents and olose pack1ng ot the polypeptide eha:lDs iDto a CCIIpact 

shape as observecl vith haaoglob1ns (45). The 1IÇ' in 1Ibioh the various side­

oha1D groups, polar an:l nou-polar in eharacter, are distr:lbutecl OD the sub­

units detel'lliDe& the nature ot iDteraction between the subuDits (~). The 

com.pl_entarity iD structure between aq two contact poiDts ot the neigbboU'.. 

:lDg subunit polypeptide eba1Ds ls 1mportant in JII&1ntain:h:Jg the po~ 

statua ot native proteins (131). The equllibri1ml in whioh tetr.mo halO­

glob1n Molecules u1nta1n their po~erio status 1& largel,y depeDdent on the 

eoD:li tion ot the med11D1l since the monCllers are held together in a teuaerie 

state by the interaction ot short range torces, espec:l.al.ly in the concentrated 

prote1n solution. An e.xtr.e change iD the env1romaental ccmdi tion :iD 



lvdrogen 10n concentration, ooncentration of solutes, d1eleotrio properi:les 

of the aed1a. ad ooncentration of the prote1D, etc. produoecl the depol1aer­

isation of haoglob1n (for rev1ew 2, 90). 

The present iJ1v._t1gat1on~ desol"ibes the bebav10r of aD av1an h ... 

or'ientecl po~er protein UDder vary1ng conditions of aolvel1t:aolute 1Dter­

action. Solutes of 1onio aDi non-1on1o types in an aqueou mediUll vere --. 

poqed to evaluate the stab1l1ty of the po~er UDder d1tterent solvent per­

turbation S)'IIt.s. Dissociation of ch10k h_oglob1n 1n alkeJ1ne butters of 

pH 7.0 - n.6 11&8 wo stud1ad. 

Sed1Mntation veloc1ty coeffic1ent values of oh1ok h_oglob1n at 

var10u prote1n concentrations vere fcnmd to be 4.4 S (S~o,v) 1D 0.1 H tris­

H:l baffer. pB 8.6, ad 1DdepeDdent of prote1n CODCeI1tration. 'lbe sed1:aent­

ation veloo1 ty ooetf'io1ent value of ohiok h_oglob1n, reported b;y Svedberg 

(18) for Gallus gallus, 1s 4.2 S (S~o,v) wb1ch 1s v1tb1n th. range of results 

obta1nad dur1ng the present 1nvestigation. S~o.w value of oh1ok glob1n (œ 

am f3 Ddxture) vas found to be 3.2 S in 0.1 H Na acetata buffer, pB S.O 

(Fig. 1). F.1g. l also presents the bebavior of reduoad aDd am1no.~latecl 

glob1n, 820,. value being 3.1 S. The 8 "üues 1Dd1oate the presenoe of 

dimer, in wh1ch some aggregation appears to ocour dur1ng nomal preparation. 

Fig. 2 (a,b,o, am. d) shows the ultracentrifugal behavior ot chiok 

h_oglobin in the presence of increas1ng concentration of several 10nic type 

solutes (laCl, XCl, caC~ am LiCl). Tbe 8chl.1eren plots revealed a single 

syDIIIetr1cal peak. 820,. values of ch1ck hemoglobin in 2.0 M NaCl:O.l M 
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tris.JEl butter, pB 8.6, and 4.0 H BaClaO.l If tris.JEl butter, pH 8.6, vere 

2.81 S &!Id 2.17 S reapectivaq. Thus, it appears tbat chick h_oglobiD in 

2.0 If BaClaO.l If tr1B-lI:l butter, pB 8.6, wu dissoo1ated f100IIl tetramer to 

d1Iaer sise. The l.1IIl1ting value ot S20,w obtained :ln 4.0 H BaClaO.l If tris-

11:1 butter, pB 8.6, wu 2.17 S, iMicating tbat the dissociationot chick 

h_oglobin aolecULes proceeded to monomer state. M;yoglob:ln (mol • .t. 18,000) 

vas tcnmd to he 1.85 S (2, 14). The ~O,w value was depend8l1t on protein 

concentration in both 2.0 If &Di 4.0 H BaCl. S:o,w values in 2.0 If am 3.0 H 

1C1aO.1 M tria-B:l butter, _pB 8.6 vere 3.14 S aDd-2.68 S NspectiVeq. .Al.­

though the S value was independ8l1t ot protein concentration at 2.0 H 1C1, the 

S value in 3.0 H !Cl increased vith the increase,,:1n protein cODCentration. 

The disruptive e1'f'ect ot caClz was more pronounced tban that obsei-ved vith 

the other ionic solutes, BaCl, 1C1 and Mel (ftg. 2&). caClz solution ot 

f20,w - 1.088 produced aonOlllers wbil.e the other ionic solutes ot the SUle 

density dissoc1ated chick haaoglobin to the d1mer stage (Table 1). S:o,w 

value ot chick hemoglobin in 1.0 K CaC12 wu 1.85 S. The llmiting S values 

in LiCl 1mply the dissociation ot tetrameric hemoglobin molecules altbough 

the e:xtent ot depo~er1B&tion vas aall.. !he S values in 4.0 H Mel de­

creased vith an increase in protein concentration. S:o,w value in 4.0 H Mel 

vas 3.40 S which is marked.l3" di1'f'erent 1rom that observed vith. other ionic 

solutes (F.l.g. 2). 

The equ1librium constant K tOI' the tetramer-dimer equ1librium at 

a particular solute cOJ1Centration~, (mOleS/liter) am. 2ot, and at a vary1ng 

concentration ot protein (mg/ml) mq be evaluated t.rom the equation, 
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K = 
(lA)H 

where Co 18 the iDit1al. prote1n concentration (mg/7IiJ.) and H the molecmlar 

weight ot UDdissociated h.-oglob:in. The weight traotion ot haoglob:1n iD 

the dissoc1ated tom, ", 8If3'be calculated troll the equation, 

" = 

where 5T &Di Sn are the 520,11' vaJ.ues ot tetramer &Di c:limer, &Di 50ba is the 

observecl ve1ght-average 520,11' vaJ.ue at a particular solute concentration 

(llOles/liter). These calculations vere based on the &8SU11lptions tbat (i) 

no extensive contol'lULticmal. changes ocourred during and after dissociation; 

(11) no appreciable 1ncrease :in 1on-b1nd1n g character1st1cs &Di h1dration ot 

the subanits took place; (111) the S value 115 proportional te the aoleoul.ar 

'1 weight (~.66) (92); &Di (1v) no monomers tormed. The l1Jdting value ot 

S20,w:in 0.1 M tzis-B::l.bu1'ter, pH 8.6, vas considered as ST - 4.4 5 (5;0 •• ) 

am sn as 2.8 S. That there is a ditterence :in the disruptive effects ot 

the three 10nic solutes used (NaCl, El and Mel) 115 apparent trOlD the shape 

ot the curve shown :1l1 F.1g. 3: the O111"Ves represent1.Dg 4.0 M LiCl &Di 2.0 M 

El tollow each other clos~ whereas the C111"Ve representing 2.0 H NaCl diver­

ges marlœdl.y. 

Non-ion1.c solutes in the exper1:atental media. have long been ~loy_ 

ed to produce dissociation ot po~er proteins (90). Dur1ng the present 

investigation, tour such non-ionic solutes (tormamide, urea, guan1di ne-HC1, 

and 2-cbloroetbanol) in 1ncreasing concentration vere auployed te s'tudy de­

polymer1ution ot chick hemoglob:1l1 (F.l.g. 4). These non-1onic solutes could 
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produce subIm1 ta of chiok heaoglobin, diIIler and JaOIlOller, dep8Dd1ng on the 

solute conoentration. A single 8JDetr1cal Sobl1eran peak was observec1 

aver the solute ooncentration ral'lge. At 9.0 H .f'ol'JUllide solution the S 

value decreuec1 w1 th the 1norease in p1"Ote1n ooncentration. No precipita­

tion of chiok haaoglobin vas observed vith gnan1d1ne .. B::l, althougb a ohange 

in oolor .troa rec1 to reddiab-brown vas notioed at solute concentrations 

higher than 4.0 M guanid.:lne-B:l. Xawahara et al (25) reportec1 the'denatur­

ation of blDWl oarbox1' hemoglobiD in 6 H guan1din~l. These authors 

uaec1 ~-mU'Captoet.baDol at a concentration of 0.1 M to hœaaD oarbomlOl102;Y­

heaoglobiD:6 M guan1d1n~1 to uap the protein :ln solution. Blttalsive 

un.told1.Dg of the pol1PapWe chaina seems to oceur at 6.0 H pan'5din..a:l 

in addition to dissooiation. fabl.' III: presents some of the ooncentration­

depeDient S20,v values at a particul.ar solute concentration. 

Studies on the alb' ine dissooiation of chick heaoglo'b1n vere 

carriec1 out in the pH range of 8.6 - 1l.6 (Fig. 5). Fig. S also includes 

some of the S20,w values of Rb A and &quine heaoglob1n. The Scbl1eren plots 

displayed symmetrical peaka during the aJka]1ne dissooiation studies. The 

1im1.t:1ng va1ue of 520,w was fOUDd to be 2.96 S at pH 1l.6 1.Dd1oating the 

presence of d1.mer subunits as a major component. The l1laiting va1ue of 520,w 

reported for lmman CarboDllO!102Y Rb A vas 2.0 S (19), for hlDWl carboJDllonCD1' 

Rb F 2.32 S, am for bov1ne carboDllon~ Rb 2.41 5 (21). Althougb the 

r&s1stance of avian hemoglob1ns to al lcal1ne denatul'"ation varies considerably, 

the avian hemoglob1ns are genera.ll.y considerec1 to be an &l'ka' 1-res1stant 

type (47). It may be mentionecl tbat cMck hemoglob1ns belong to the group 

of avian hemoglob1ns exh1b1ting max1!J11lDl res1stance to alkal1.ne denatul'"ation 

(47, 48). 



40,,, Vl1u .. ot C2l1ak BlMClob1D* 

Solute 
Solute CDJlo.(K) e.2OI" ~02" 
Baal 2 1.084 2.81 

4 1.156 2.11 

lal 2 1.09' ,.14 , 1.138 2.68 

Caal2** 1 1.088 1.85 

Lial 4 1.098 ,.40 

1ol'lUaid. 9 1.06, 2.92 

Urea 8 1.130 1.40 

* 'Dl. 'Yalu.. NprM8I'1t at & partioular 801ute 
ooJloetratloll &Del 0.1 M tr1s-BCl ba:tter, pB 8.6. 

** Butter usee! 0.1 M t.rU-BCl, pB 1.0. 

39a. 
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The sed1ment&tion equ1libr11l11l JDethod ot sturJJr1Dg the dissociation 

ot po~er prote1.ns in the presence ot a tb1.Jod component (a strong d1asoc1at­

!Dg agent), 1nvolvecl operational ditticulties in dete:rm:1ld.ng the concentration 

ot the protein at the oeU meJWrcu. The ava1lability ot automat1c photo­

electric soanner (101) bas taoilit&tecl studies ot depol.pe:riu.tion, espec1al­

:q vith a double secter ultraoentrifage oell whe:re the optical denaity' c0n­

tribution of the dissociat1ng agent aDd the buf1'e:r present in the· prote1n 

solution may be igno:recl. This oontribution is autolll8:tio~ decluoted b7 the 

scanner ci1"cu1t. The precision ot comparative studies bu grea~ bMD ils­

proved vith the electronio so&ml1ng devio.e aDd the opt1cal dCÂty' ohart 

recorder both operat1ng at variable speecls te lI&et diffe:rent req1l1r...nta. 

Farther studies vere oarriecl out te evaluate the data on the dis­

sociation ot cbiok hemoglob1n obtdDecl b7 the seclbaenta'd,on velooity' aethods 

as mentioned ea:rl1er. In these studies the solute CODC8Il'b'ations were choseJl 

te llmi t the dissooiating systems ei the:r te a tetr8Jlle:r-J~.er or a d1aer­

monOJller equ1l1br1um, the prote1n concentration being the 88JIIe in both cases. 

Acoord1ngly", seve:ral roter speeds V81"8 employecl te. b.vor one suburd. t com­

pouent; tOI' axample, the monOJller distribution vas taveNd in. the monoaer. 

dimer equilibri'UJII or the tetramer distribution in d1mer.tetrame:r equ1l1br11l11l. 

In the presence of perturbants a1l the sedimentation equ1l1bri'Ull plots demon­

stratecl the existenoe ot an equ1l1br11l11l condition betweerl two ldnds of sub­

uni ts. A single component vas observecl only vith ch1ck hamoglobin in the 

native (tetramer) state. Scbachman am E:1elstein (19) reported the dissoc­

iation ot h1lllll1n ~emoglob1n inte_ monOJllers at a very dUute concentration 

(0.002 mg/ml, 0.1 M Na phosphate buf'fer, pH 7.0). However, no dissociation 

ot the cMck hemoglobin mo1ecule in 0.1 H tris.JIC1 butter, pH 8.6 vas observecl 
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~or the range o~ prote1D (0.1 - 0.3 mg prote!D/IIl) concentration usad 

dur1ng the present stud;v (Fig. 6(1». ftgs •. ' 6 (Jü), (111'-1. dep1ct the 

secl1mentatioD equ1l 1br:l:ua behavior of ch1ck haaoglob1D in the presece o'L 

10Dic solutes (NaC1, 1C1, caC~ and L1Cl). The shape o~ the plot, ln c vs r'l, 
1Dd1cates an equ1l1br1um betweeD the ·subm1ts o~ ~~ereDt s1ses. No dena'tur­

atioD ot ch1ck h8llOglobiD iD contact with FoC 43 l1uol"OCarbon oU vu observ­

ad over a per:lod of, 18 br • 

.Althougb the lD1tiDg value o~ S iD 2.0 H NaCl :iDd1catelS the 

presence of d1mer preclondDU't.q', when theae exper:lJlents vere re-evaluated 

'br the sed1mentatioD equ1l.1.br:l'UII ~1s, the pr8s8DCe of aonOJller 'WU 

detected. The presence of llonOJll8r in 4 H NaCl 1s shcnm iD F1g.6.:.(11)"S. 

The rotor speed vas chOS8D te suit the llonOJl8l' and 1& consequent.l1' 8D OVe!'. 

spead for the d1mer component. 'l'h1s resalted' in the heavier ccaponents 

being distrlbuted at the bottom of the cell. The major spec1es 11' 2.0 11 

NaCl 1s a d1mer, although the character1st1c& of cell memscus clearance 

1Dd1cates the presece of a very small "01Dlt of 1lOD0JIle!'. The predom1Dat-

1Dg spee1es 11' 3.5 H 1C1 1s dimer, vith a l!IIIIalJ. uaoant ot 1lOD0000er; a s1t­

uation comparable te tbat obta1Ded vith 2.0 H NaCl. TB appeI.r8~thàt'~:the 

disrupt.1.ve effect of IC1 1s weaker than tbat of NaCl. The major spec1es iD 

1.0 H caC~ 1s DlODODler. A1though 4 M Liel produced var1able denaturation 

character1stics in d:Uute solution, the hast reruts obtdned 1micated the 

presence of dl.mel" as a major spec1es. Bes:1des the rotor speeds, the other 

operational differences betwee:n the two ultrace:ntrifugal. lIlethods vere the 

1ength of time am the protelI' concentration: 2 br and 4 mg/ri! in sedimenta­

tion veloc1t;y experlments, am 15 br and 0.2 - 0.3 mg/m11D secl1mentatioD 
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flets 

equilibr1um exper:tments. 'lbe equU.ibr11D1l\shown in F.l.gs. '1~?B ___ '1C 

vere obtained vith UNa . ...m foma1d.. 111 4.0 H urea the _jor spedes 18 

d1aer vith VeJ:'Y nall aaount ot aODOlier vb1l.e in 8.0 Hure&, aore llODOaerS 

vere obtained. F.lg. 8 (A &Di 1) d8lll0nr-.ratas t, .... .at vith the iDcreue iD 

aJ1ca11ne pH, the dissociation progresses as in pB 10.6 &Di pB 11.6 the pre­

dom1nant spec1es were d1mer and 1IlOD000er respectiv~. F.lg. '9 presents 

the sedimentation equ111br1um bebavior ot chiok g1.obin (nozmal preparation) 

&Di ud.noe~lated g1.obin, both the preparations being (~) Jdxture iD 0.1 

M Ba Acetate butter, pB 5.0, wh ... the major oomponent 1s a diIler vith a aal1 

Ulount ot JIlonoaer. 111 2 H uea:O.l H':Na acetate butter, pH S.O, the major 

coaponent 1& diaer vith & nall aount ot lIlODoaer (F.lg. 90 ). 

Stadies on. the dissociation ot chick hamog1.ob1n neoess1tate 

evaluation ot several tactors, such as pretercmt:1al lcm-b1mjng ot ucro­

aolecular cOIIlpOnents, the part1al speo1f'1c' volume ot the subunits, and the 

contomational change. It 1s lmown tbat there 1s no appreciable bjm1 ng ot 

BaCl to ls010nic hemoglobiD JIlolecule, and the iinteraction between l.el and 

h.oglobin 1s smaller than tbat betveen BaCl and other COBllllOll proteins (132, 

133). Cox 8l'd Schl1lll&ker (134) have reported a value ot 0.1 g/g prote1D iD 

CaCl solution. Several authors tound no appreciable ditterences iD the 

partial specifie volume~(132, 133). Tantord and bis collaborators (25, 32) 

reported that lonic and non-1on1c solutes do net produce a s1gn1ficant 

change in the conformation ot h_oglobin molecules under solvent perturba­

tion system. The intr1ns1c viscos1ty (1I'1g. 10) o:f'~OJd.ëk halloglob1n tOI' both 

lonic and non-10nic solutes (2.0 M XCl, 1.0 M CaC12 and 8.0 H urea) vas 

2.6 ccl tJI. Apparently these solutes d1d not atfect the gross JIlol'lCUlar 
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contol'Dtion ot obiok h!!llOglobin to an exttmt detectable by 't'iscosity 

meaS111"elll8lll;s (Fig. 10 a,b).-

Despite the tact that DO gross ooDto1'lll&tional change could he 

&ssesaed UDder the solvent perturbation systems uaed durlng tbis investi­

gation, attempts vere made to evaluate the 1ocalised. ooDtormational changes, 

it &DY.' Ditterential apectrophotometr1c etudies on cbiok hemoglobin at the 

Jlll!nmnm sol1die concentration in iorde &Di l'lon-iome solute systems vere 

UDiertaken at a vavelangth range merdiDg trom 450 DlJ1 to 250 11)1. No app­

reciable variation in the ditf'erential spectrophotometrie C1l1'"V'e 01' hemo­

globin vas obaerTec1 vith NaCl, KCl, LiCl and etqlene glycol. Honvel", 

diminution in the Som band. intensity ( sHh.ae) vas obsel'Ved with 1.0 H 

CaC12, 9.0 H t01"D&lll1de, 8.'0 H urea, &DC1. 6 .. 0 H ga.rdd1l'1e-BC1, (Fig.- 11 a,b). 

Although the1"8 vas a deerease in the Soret baDd (415 ç) intenaity in other 

solutes, & abi1't in the Soret baDd troa 415 to 425 Dql (Fig.' llh) vas 

obs8l'"V'8d only in gnan1d~ ne-HC1. Since the sedimentation velocity aper1-

ments requil"ed. 2 hl" am sedimentation equilibrium. e:xper1ments 1.5 br, the 

rate ot denatUl"ation, it th8l"e was IllY, vas evaluated thl"ougho1di tbis per10d 

umel" varying conditions ot sol vent : sol1die interaction.' 

A localizec1 con1O.1'm&tional change seams to OCCUl" vith the increase 

in time tOI" a particulal" solute concentntion. ~epeDdent sol vent pel"­

turbation spectra ot cbick hemoglobin vere stuliec1 vith 9 H tomamide, 8 H 

H 
Ul"8& aM 1 M CaC12 at 2 hl" and 15 br, a turthel" dearease in .D.I h •• was 

noted; tOI" examp1e 8.'6 and 2:3.0 (9 M t01'maDl1de), .51.:3 am 80.0 (8 H urea), 

6~3 &rd 20.6 (1 }ri CaC12) x 103 wel"8 obtainec1 at 2 hl" and. 1.5 hl" l"8spective1y. 
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Tyrosine icmization studies 011 obick hemoglobin in 0.2 M El 

(F.l.g. .' "Ul) revealed tbat, ot ;'the 17", tyrosine groups an1lable, &II evaluateci 

by the~~am1.no acid·:anal.1'sis, 15 tyrosines vere icmised betveen pH 12.5 - 12&75. 

Four tyrosine Nsidues vere ioDised at pH 10.) and :t.l.ve at pB 10.6. Thua, 

duriDg the dissociation ot cbick hemoglobin f.rom & tetraaeric state to the 

d1mer1c state (till pH 10.6)~ approximately 5 tyrosine residues vere iolÎised. 

Be'tween pH reglon 10.) and 11.), 8 tyrosine res1dues vere icmized, leaving ) 

more tyrosine res1duea to be avallable at bigher &lb' ine pH. At pr8S8Dt, 

the total JlUIlber ot prototropic (sul.1bydryl, ~ql, tyroql and ~l) 

groups besides tYl'ollines have Ilot yet been evaluateci. Studies on the ~gen 

ion equilibria ot chick haaoglobin are in progress. 

comParative Studies on Adan. &Id Hamme] i an Banog].ob1 "S 

In the prev10ua sectiona, it 1I&S reported that the dissociation ot 

chiok hemoglobin depends on the nature ot solute and also on the solute 

ooncentration. Thua i t appears that the extent ot dissociation is depaDdent 

on the disruptive field induced in the auapezd1.ng media provided the experi­

mental oonditions are identical. It vas oonsidered to be ot interest to 

assess the relative strangth otd1mer:d1mer association, and also monomer: 

monOlller association, and to compare these relative equilibria vith other hemo­

globins. The to11owing Dl8JIII!Ialian hemoglob1ns: h'1Dll8D hemoglobin A, huauul hano­

globin F, equine hemoglobin and bovine hemoglobin vere used, and compared vith 

avian hemoglobins obtaiDed :f'rom duck 8lld obiok. Prel1m1nary stadies have been 

reported hereiD. Fig.l, shows the sedimentation equilibrium behavior ot 

duck am oMok hemoglobin in 2.0 M NaCl. The mass distribution as presented 
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demonstrated their behavior as almost identical, the major species be1ng a 

d1mer. The solute concentration vas increased t'urther to 4.0 M NaCl and the 

sedimentation equil1brilDl behavior ot equille hemoglobin and human hemoglobin 

F compared vith that ot cMok hemoglobiD. The _in spec1es in a11 cases vas 

JIIOnOlll8r although the rate ot clearance in the upper part ot the cell (JI8Irl.scus 

region) vas obserred to be greater vith ch1ck h8lllOglobin. It impl1es that a 

larger proportion ot dimer _y he present vith cMck hemoglobin. This interence 

could be substantiated by a closer comparison ot the intermed1ate scans obta1necl 

durlng the comparative rans (Fig.V. ). 

The sedimentation equil1brium bel"~vior ot these hemoglobins in 

8 M urea:O.l 11 tris-Bel butter, pH 8.6 has been 1llustrated in Fig.l:30 where 

SCIllS trom two comparative runs vere superimposed. This dirterence in the 

behavior retlected in the plot, ln c(r) vs r2, were both avian hemoglobins 

cleared taster troJll the cell meniscus region than the ma""'8l1an hemoglobins, 

equine Rb and hmaan hemoglobin F. In these runs the exper1mental conditions 

vere aintained identical. 

Sedimentation velo city coef'ficient of' equine and human hemoglobin A 

showed the tormation of' the dimer as major component in the range pH 10.6 -

pH 1l.6. Sedimentation 8C!uil1briU1ll analysis revealed the d1meric unit as the 

major spec1es vith amall alIlOunts ot monomer. Howver, at pH 1l.6 the major 

spec1es is the monomer. In short, sedimentation velo city exper1ments revealed 

the presence of' dimer as a major spec1es (2.96 and ).5 S), sedimentation 

equil1brium analysis showed the presence of' JIlonomer. The III&jor dif'terence 

between the tvo JIlethods ot analytical ultracentrifugation was the concentration 

of' the prote1n, the tillle period of' the subuni ts in a particular alkaline pH, 

am ope rational rotor speed. 'lbat th. adan h.oglobins are caaparat1vÙ1' 

resistant to dissociation 18 shown by th. presence ot heav.1er OCIIIlponmta {Fig. l~ 
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Fig. 14 Scamler equ1l1briUll plots for (a) equiD., (b) duok aDd (c) hl1I&n 
f.tal heoglobiDs :ln 4 H HaCl. Dl. gper1:actal pan..ten nre 
th. s •• as iD l' B. Dl. scan vu takc 6 hours ait. th. start 
of th. l'UD. 
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Tyrosine iomBation studies of duok hemog10b1n, 81111] ar to that 

reportee! ear1ier vith cMok hemog10bin. showed that in 0.2 M KCl, 15 ± 0.5 1 

of the total 17 tyrosine residues become availab1e for: ioniBation stadies 

. between pH 12.5 and 12.75. Five res1.dues vere iomBed tiU pH 10.6, where 

duck hemog10bin dissociates trom a tetramenc state to a cl1.mer unit. Batnen 

pH 10.' am U." 8 tyrosine residues vere ioniBee! and therest vere availab1e 

at higher alkaUne pH. The behavior of tyrosine residus in duck hemoglob1n 

follows c10sel,. to that of chick hemoglob1n. 

DiScussion 

A better UDderstanding of the pi"Obl8J118 inYolving the IIOnomer assoc­

iation of hemoglobins has been greatq· fac1l1tated by the pioneering contribu­

tions of Xe1'dNw (135) and Pemts (40-45) aDd their collaborators. The three 

d1mensional atomic models of IIIIJOglob1n am hemoglobins have displayad the 

proximal contacts betveen the monOlllers of tllO types (a. and a). Sinee the 

polypeptide segments of these subunits are 10catee! within the polar am non­

polar contacts between a. am a residues, the dissociation of the (a,a)2 tat1'&Mr 

could be achieved by both ionic and non-ionic type solutes. A stœy of the 

atomc mode1 of horse am human hemoglobins projected to human h8lllOglobin 

mutants (131) indicated that the replacements of most of the &mino acid 

residues on the surface of hemog10bin IIOlecule is rather innocous b1%t the 

protein molecule 1s extremal,. sensitive to mutation to cause alteràtions of 

the inter.nal non-polar contacts especiaU,. those near the hemes. These amino 

acid mutations involving the polar and non-polar character of the side chain 



near the heme groups atfect thebiolopcal tunotion ot the hemoglobin 

molecntles. 

Av1an hemoglobins. orter another excellent model tor the atudy ot 

molecular mechamSll8 ot JIOnomer association aiDee these moleoules have more 

polar and tlOn-polar groups tban h111ll&Jl heaoglob1ns, am also the interior 

milieu ot ahiok erythrooytes is ditterent tl'Olll tbat ot the hUIIIaD system. 

The avian hemoglobins, tor e:umple, are genera11y alkali-reil1at&nt &Di the 

body temperature ot the birds is approximateq 400. The electrol)"te 

oonoentl"&tion is a180 higher in the avian blooc1 system. Comparative study' 

on depol,merisation 8IIPloying aolvent perturbants ot the ionio and non-

ionio type l"8'f'ealed that the ma_lian hemoglob1ns like Rb A, Bb F, equine 

Bb and bovine Bb dissooiate to a greater degree umer identioal oonditions 

than the avian hemoglobins (ohiok and duok). It may he aum1sed that tor a 

partioular disruptive field induced in a solvent perturbation med1'W1l, the 

inter-monomer assooiation is strollger vith the o~ok and vith the duok hemo­

globins as oompared to these malllll8] ian hemoglob1ns. Addition ot electrol)"tes 

to an aqueoua 1Iedi'Wll proc1uced ion-solvent iatel'àetioD, contributed' to:b7' .both". 

cations and anions. The eleotrolytes, by virtue ot their strong eleotro­

static fields, indace a atrong orienting effect on neighbouring water mole­

cules. In a11 probability the interaction ot inoreaaing Il1IDIber ot ions 

vith the aide chain prototropic groups available on the surface ot thé protein 

molecule cause an eleotrostatic induction ot polarisabUity which causes the 

relative dislocation ot the sub1m1.ts and ultimately dissooiation. Studies on 

the dielectric properties ot hydrated hemoglobinllOlecules indicate that the 

structure ot water molecules boum to hemoglobin is intermediate, like those 



ot ioe aM n01'lll&1 vatel" (131). In a 2fY1, hellOg10biD solution there &1"8 

approximately 1015 vatel" IIlOleo1Ü.es oriented to a tetl'D8r h8lllOglobiD 

mleoule (137). 

The non-iome solutes l1sed d1!!'lllg the present investigation to 

produoe dissoo1ationot ehiek hemoglobiD vere udde de1"ivativ8s (tol'lllalllide, 

urea aM guanid1ne) &Di aloohol de1"'1vatives (2-oh1oroetbano1). Wition ot 

urea to vatel" produ.oed U1"8IL-vater oluRers (102, 138). These olusters pl"OVide 

the intersti tial &paees in the balle solution which aeOOlllllOdate the ~oarbon 

side-ohain. Thus, 111"8& solubUised amide &Dl peptide, aDd the h1droPhobio 

groups (139, 140). The dislocation ot the subunits tl"OIIl position aM event­

un,. the dissooiatlon could thus be produced 'by these DOn-iomo solutes by 

aeting on the eorItact sites am essent1ally chang:lng the _ter structure 

81l1"l'01mi1ng the strategio groups. The mntual displaceateDt fit the po1ypeptlde 

ohains (d1mer 01" moJ1OJll8r) -7 be a result ot the solubU.1sing action ot the 

non-ionie solutes on the available ~hobio groups. The dimer and. the 

1IIOnomers ot ehiek h81llOg10bin vere stable iD the aqueous 8To'f;8JIl contain1ng 

both iome ard non-lonie solutes. When these subanits vere reo01llb1ned by 

restricted dia17sis ot solutes the 1"8001IIbined subuDits shcnred oxnen equilib­

rium eharaoteristios eomparable to the native tetramer (161). Although the 

mode ot disru.ptlon by non-ionie solutes ls quite distinct trom tbat ot ionie 

solutes, the recombinecl IIlOleoules cHd not reveal any apparent 10ss ot oJCY'gen 

equilibrilDl eharacteristlcs. 

During the solvent: solute interaction studies a 'broad re1ationship 

between the exper1mental 1"8sults obtained vith the tvo techniques ot analytlcal 

ultraoentritugatlon could be 1"8Oognised. DUutlon had no app1''801able ettect on 
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the dissociation of tetramer 1n preaeœe of solutes. How_ar,)d;gh al ka] ine 

pH prodllOed 1lO1"8 dissociation at lov prote1n concentration, such as those 

used in sed1IIeDtation. equU1br11D anaqses. To be precise, the a1ka11ne 

d1ssoc1.ation atudy abould be cona1dered as a charge-1Dteraotion phenœaenon. 

The subanits acqui1"8 vary1ng degrees ot charges resalt1ng troll the ioDisation 

of varlO11S s1de cha1n prototrop1c groups aDd sub~ produc1Dg changes 

in sartace-charge derudty: &Dl at the 8&118 tùe th.,- are aocommodated vithin 

. the charged solvant utrlx. Avian (chick &Dl duck) hemoglobins at high 

.UœUns pues prod:aaed les" JIDIlOII8rs than the __ '1.n h8llOglobins 1çqing 

a stronger ~ association in chick &Dl duok h.oglobin. 



so. 

DISSOCIATION OF BOVIRB LIVBR CltALlSB 

IM'BODUCfiOH 

Durlng the last deaade, studies on the amino acid aequeœe ot 

proteiDe espec1aUy e_ymes in conjunction wlth the x-ra,. diffraction studies 

have prcm.4ed u. wlth a bettel" perspective ot the active sites am al80 the 

molecu1a1" contol'!ll&tion detal1iDg the aide chain distribution ot the constitwmt 

u1.no acid residue. (S" 84). The cooperative iDtenction that erx1.ovs the 

prote1n IIOlecnUea vith the propert,. tOI" 8IlQIII8 actiqn ia varied in Dat11l"81 

tOI" 8DJIPle, the cooperation betnen tvo histidine l''8sidU8S (rea. U9 aDd 20) 

located at extreme enda ot riboDuclease (141) on one hm!, aDd the aUostm.c 

iDteraction betveen tvo aubuDita ot aspartic transcarbaJly1ase, where iDIlindual 

aubmd.ta are iDi.àti:ve but co11ectively they _mie st the e_,.. action (142). 

In this regard moleculea like h-.oglobins where a single unit, a JIIOJ1OIIl8I" ot 

bemoglobin, oOJllP&rable to myoglobin ia biolog1cally reactive. llthough in 

these o&se8, the aotive oentel" aite is ma1»q involved with the enz_c activ­

ity, the othel" segmeDts ot the prote1n IIOlecule al"8 &180 essential iD provid­

iDg the active ceDt8l" with the particulal" attribute. The coop8ntive inter­

action ot S-peptide (l"8s1due 1-20) vith ribcmucleaee S (residue 21-124) is 

essential tOI" the ribonuclease activ1ty (14,). SOIIe ot the eœymes al"8 quite 

l''eaistant to the aftect ot st1"U.Ct,uoe-d181"1lPt1ve ions and SOJIl8 or th. revealed 

marked res1l1ency. The enzymes which are pol,..r proteiDs c11splay vide 

V8I"1.abUity as to the degree ot recombination between the neigbboUl"ing sub­

units and l''8storation or the original enzymio activ1ty vary to a great eJeteDt. 

Hemoglobins when dissociated f'ltom tetrameric state to d1mer and subsequently 



to 1IIOnomer b,y reagaDts like urea or NaC! could regain the ox;vgen comb1rd.Jlg 

capaoity OD removal ot structve-disrapt1ve iODS. This section desaribes 

the etteat ot varicus structure-d1sruptive ions on the poJ.,merio status ot 

a heme-ol'iaDted po~r prote1n, catalase, and also on the enzymic proP8rties. 

The structval. integl"ity ot the pol,..r UDder solveDt: solute interactions 

ha8 been evaluated b,y analytioal ultraoeDtrifugation. Since the heme group 

is the active oenter, spectl'OphotOD18l;rio studies were oarried out to evaluate 

the etf'ect ot the dittereœ solvent perturbants on the Soret baDr:l iDtensity. 

Tyrosine ionization vas st1ld1ed to aS888S \;he degree ot the ava1lab.Uity ot 

tyrosine residues in solvent perturbation systems. A.ttempts vere made to 

evaluate looal.iBed. conformational changes using fluorescence speotrophotolllOtry. 

EXPBRIIIII'lAL RESULTS 

The sediJllentation ve100ity coeftioient value ot ohroJllatographioally 

pure bovine liver oatala88 at intinite dilution (S~o,w) vas tOUDd to be ll.6 S 

whioh is in correspoDdenoe vith the values reported. by Sumner and Gralén (62). 
o 

S20,v value ot the apo-catalase vas tound to be 4.0 S in 0.1 K glycine-HCl. 

butter, pH 3.5 (Fig. 16.). Apo-catalase vas f'ouDd to be unstab1e between pH 

4.5 - pH 7.0. The depeDdence ot S values on the concentration of' apo-catalase 

vas greater than that observed. with catahse. The value ot D20,v in 0.1 K 

trls-HCl butter, pH 8.6:0.1 H NaC! ftS 2.3 x 10-7 (Fiok unit) which is in good 

agreement vith the values reported b,y Sumner am Gral~n (62)~and by Samejima 

am Shibata (72). 
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Fig. l't' ( ... "Bt~ am.) dep1ats the sedimentation behavior of' 

boriDe liver oatalase in presence of' various concentrations ot iomc solutes 

(NaCl, ro, LiCl and CaCl2).' If assumpt,ions wre made that DO extensive 

contormational change occurred durlng dissociation, no appreciable increase 

in preterentialion-b1.nc:Hng am h1dration of' the sub1Ul1ts took place, aM 

the S value is pl'Oportional to the moleoular weight, (M)O.66 (92), the S 

values ot half' lIOlecule and. quarter IIOlecule ot bovine liver oatalase would. 

he 7-'"2 S and 4~"6 s, respeatively_ A value of' 4.6 S c01"l"8spoms approxillately 

to the S value obtained in the case of' hemoglob1ns ot mol. vt. 64,500.- The 

reclueecl S value impl1es a diminution in the sise of' the molecul.e. However, 

in LiCl solution the S value had decreased but it d1d not reach the limiting 

S value as vas obta1ned vith NaCl and KCl. A single sjiiiiii8tl"ica1 peak was 

observed in the Schl1eren plot w1th NaCl, KCl and. LiCl5 whereas in coDtrast, 

CaCl2 s,yst8Jll produced two paaks in the Bellieren plot as illustrated in Fig.­

"as. CaCl2 vas f'ound to he more effective in producing dePOl1mel"isation. 

Table IV presents the percent distribution of' the tast and. slow moving comp­

onents in presence of' varying concentrations ot CaCl2• Bovine liver oatalase 

precipitated at a concentration higher than 1.25 M Ca012• A staady decrease 

in the S value of' the f'ast-mov1ng component vas noted w1th CaCl2 of' conceDtra­

tion 0.75 M and higher. 

Depolymemation of' bovine liver catalase was also studied with 

varying molal"ities of' non-ionic solutes (f'o1'llllllll1de, urea and 2-chlol'Oethano1) 

(Fig. 19, A~B .. " &. C). The non-ionio solutes produced two symmetrical peaks as 
.' -. 

observed in the Sohl1eren plots (Fig. 29~<t. The l'ast moving component 

exhibited a value of 9 S or higher whereas the slow sed1menting oomponent 
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Fig. 18 

) 

Sch11eren plots or bovine 11ver catalas. in .) 2 M NaCl.. (lover 
plot) and :3 M Nam (upper plot) mi b) in 0.9 M CaCl..z. 'lhe 
prote1n ooncCltration for the latter case vas 14 mgfÏü. 



TABla IV 

Dissooiation of Bovine Ltver Catalase in CaCl2 

520,w .. -ft eo.po.1tion 

Mo1arity* Fut Slow Fut Slow 
. . .. .- - . . . . . Cap" Camp ec.p 0cNap 

0.25 10.30 100 -
0.40 10.25 - 100 

0.50 10.20 100 trace. 

0.60 10.20 100 trace. 

0.70 10.10 100 trao .. 

0.75 9.75 3.86 83 17 

0.90 8.71 3.27 70 :30 

1.00 7.81 2.91 TI 63 

*conta1ned 0.1 M tris-HCl butter, pH 7.0., 
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Fig. 20 

54 • 

. , -. 

Schlieren plot of bovine I1ver catalase in (a) fomamide, 
(b) urea, (c) ~chloroethano1, (d) pH 10.3, am (e) a mixture 
of bovine liver catalase:pooled nomal human immunoglobulin G 
and bovine serum albumin. 
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ahowed S values betveen ).0 and. ).5. The fast mov1ng oomponent showed. a 

deorease in S values, a sbarper deorease be1ng noted. in urea. SimUar vas 

the ease with the slow movil'lg oomponent. Tables 5..;, 6" '1: show that d11l"1Dg 

the dissociation ot bovine liver eatalase in presence of non-iorde solutes 

(f'omamide, urea aD:l 2-ohloroethanol), the relative proportion of' slow 

component inoreased vith the inorease in solute concentration. The relative 

diRribution of the polymer am the I!Mbunits as produced. by the dif'f'erent 

perturbants RS obtained by planimetrie determination of' the ares. umer eaoh 

Sohl1eren peak.~· The ref'raotive iD:1.ex gradient vith respect to concentration 

of protein does net f'ollow preoisely the relative change in are& under the 

ref'raotive Wex gradient OUl"Ve. However, the Repwise variation in perturbant 

concentration did not produoe an excessive aberration in the exper1mental data 

as observed. in Tables 4-.7;~ where the relative inorement in the concentration 

of the perturbants vas amall. 

AlbHne dissociation of bovine liver oatalase starts at pH 9.3 

and thereon the S values ref'lect the inoreasing production of quarter Bize 

molecule (Fig. 21 ).' A progressive diminution in the S value of the 

dissooiation subunit was noticed, the range being 4.96 to ).12 S whereas the 

range of the fast moving component ns 11.0 - 1l.2 S. Two Schlieren peaks 

were observed during the alkaline dissociation as illustrated in Fig. 2Q1;D 

aD:l vith the inarease of the pH the monomers vere formed. at an increa.sed. 

rate (Table el. A distinct dUterence in the dissociation was observed with 

oatalase as compared to that of aMck hemoglobin, for example, the dissociation 

of chick hemoglobin ocours betwe8n pH 10.3 am pH 11.6, .ilerea.s the dissocia­

tion of catalase ranges betveen pH 9.3 and pH 10.8. 

1 



TABLI ., 

Dissociation of Bovine Liver Catalase in J'omamide 

3.36 

3.84 

4.32 

4.80 

5.28 

5.76 

6.24 

Fast 
Camp 

9.68 

9.56 

9.61 

9.60 

9.87 

9.18 

9.02 

S2O,w 

Slow 
Comp 

3.21 

3.00 

3.14 

3.09 

3.17 

3.07 

3.01 

* containecl 0.1 M tris-Hel butter, pH 8.6. 

f,Compos1tion 

Fast 
Comp 

82 

78 

78 

48 

48 

40 

24 

Slow 
Coaap 

18 

22 

22 

52 

52 

6û 

76 

SSa. 



Dissociation ot Bovine Liver Catal.aee in Ure. 

S20,w ~ Caços1t1on 

Molarity* 
~st Slow Fast Slow 
Comp Camp Ccmp Comp 

2.88 10.03 3.06 85 15 

3.36 9.81 3.03 81 19 

3.84 9.84 3.U 60 40 

4.32 9.36 3.01 36 64 

4.80 9.05 3.21 16 84 

5.28 3.39 100 

* contained 0.1 M tris-HCl butter, pH 8.6. 



TABIB .. VII 

Dissociation of Bovine Liver Catalase in 2-Chlol'Oethanol 

Mo1arity$. 

0·50 

1.00 

1.,50 

1.75 

2.00 

2.25 

2.50 

Fast 
Comp 

10.61. 

10.:34 

10.11 

9.89 

9.)2 

8.87 

Slow 
ColIlp 

).58 

:; • .;6 

) • .54-

).4) 

).29 

$ oontained 0.1 M tris-HCl butter, pH 8.6. 

f, Composition 

Fast 
CoIIIp 

100 

100 

7) 

)5 

2B 

12 

Slow 
CcIIlp 

Z'I 

65 

72 

88 

100 

550. 
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Alka11ne Dissociation ot Bovine Liver Catalase 

pH· 

9.0 

9.3 

9.6 

9.9 

10.15 

10·5 

10.8 

11.0 

11.3 

Fast' 
Comp 

11.21 

11.08 

li. OB 

10.92 

10.89 

10.98 

slôw 
CoIIlp 

4.96 

4.78 

4.41 

4.54 

3.93 

3.82 

3-12 

* P04-KCl butter ~ = 0.25 

~ ,Q:mpo.s1 tian " 

Fast siôv 
Camp. CoDlp 

100 

100 traces 

81 19 

79 21 

fil 33 

14 86 

100 

100 

100 

55-. 



56. 

The Jobnston-ogBton etf'ect (144) vas stMied by using a non­

interacting system employing var,ying proportions ot bovine l1ver catalase 

vith bovine serum albumin (mol. wt. 70,000) (Fig. 22 . .> and human 1mmano­

globalin G (mol. wt.: 150,000). The S value ot native bovine liver catalaS8 

was not apprec1ably intl.uaneed. by the presence ot the non-interacting pro­

te1ns, although the1r moleoular Bize closely ~ra11el those ot halt mole­

cule and quarter molecule size subunits ot catalase. Fig. 2O.:m.. depicts 

the Schliaren pattern obtained. tor a mixture ot catalasedmmanoglobulin Ga 

albumin in 0.1 M tris-Bel, pH 8.6. Three peak. vere obtained tor the non­

interacting system, in contrast to the two peaks obtained. with the inter­

acting system invol'Ving the subtmits ot catalase moleoule. The rec1uoed S 

values as observed. may be atfacted to a certain ment by the eontormational 

oha!lges whieh oeaurred dUl"ing the whole procedure ot dissociation. The 

Mctional ratio tlto, vas obtained tram the equation (120), 

(. (l-V,) )Y3 
= " (D~,v)2 x s~o,,.x v 

whera D is the dif'f'usion eoetficient, v the partial spacific vol12Dle ani f 
the density ot the solution. The value of tlto in the case ot polymerie 

bovine l1ver eatalase w&S fomxl to he 1.85, the partial specitie volume, v, 
o 

being 0.715. S20,v value of apo-catalase vas 4.0 S and the partial specific 

volume vas 0.730. Using these values togethar with D20,v as 6.8 obtained. 

vith 6 M and 8 M ures, the triotional ratio r/fo' ws founi to be 1.26. 

Us1ng the S value of oatalase quarter moleoules as calculated. theoretioally 

(4.6 S) and as observed exper1mentally (3.5 S), the f'rictional ratio vas 
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fOUDd to be 1.21 am 1.:32 respeœively. These ftlues stl'Ongly suggest 

that contomatioDal changes OOCU1" vhen tetramer1c bovine l1ver catalase 

disBOciates ir1to quarter molecules. 

Depolymerisation of bovine liver catalase vas iDvestigated tarther 

by employing sedimentation equilibriUlll1l8thods. Sed1mentation equil.1briUlll 

runs of native bovine l1ver catalase at a concentration of 0.4 mg/ml, showed. 

that a considerable amount ot protein vas lett tbroughout the upper part of 

the celle A comparative run ccmducted vith human immImoglobin G, which is 

a linked-chain polymer protein of apparent mol. Mt. 150,000, did not show 

Any 1"8sidual protein in the same region of the cell (Fig.23A). The distri­

bution of catalase at the base of the oeU paralleled olosely that of human 

iDmmnoglobulin G. These sxper1ments iDdicated that at this Pl'Otein ooncen­

tration, catalase molecule d1ssooiated. With the operation&! rotor speed 

being identical, a decrea.se in the protein concentration results in an 

increase in monomer formation (Fig. 238 ) (quarter molecule of oatalase­

assumed mol. wt. being 64,000). It vas also observed that vith the protein 

concentration being constant, higher rotor speec1s favored the mass distribu­

tion of the heavier oomponents (Fig. 2).0 •. · .. ) •. 

In view of the fact that sedimentation equ1l.ibriUlll anal1'8is reYeal­

ed the presence of balf moleoule am quarter mol8ClÙe of catalase, dissocia­

tion of catalase on dilution was studied employing sedimentation velocity 

methods with the help of the photoe1ectric scanner. At a range of protein 

concentration, A28~ 1.8 - 0.1, am a rotor speed range of ,56,000 - 40,000 

rpm, varying one operational coMition at a time, the cell Meniscus olearance 
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had an S value of appron-te1y 10. Farther decrease in protaln conoeutr&­

tion (below -0.1 A.280 ) l'6V'ea1ed the presence of JDOJ101181'S (3.5 S). !ab1e 
lIfl 

II shows the sedimentation behavior ot bovine liver catalase at varying rotor 

speeds, and. protein concentration. 

Sedimentation eq1J1l1brium &l'Ja1yses ware also carried out at three 

ditterent temperatures, 1SO, 200 and. 21', &J'ld at various low concentrations. 

It appear. that the dissociation is g1"eater at higher temperature an:! at 

lower concentration, while association is higher at lover temperature aM 

higher concentration. 

The sedimentation equ1l1brium plots of. bovine liTer cata1ase at 

ditterent NaCl concentrations have hean presanted in Fig. a.A. • The prote1n 

concentration in a1+ these comparative rDnS vere ma1ntained at '0.4 mg/ml. 

The comparative stmy showed that vith the 1ncrease in the perturbant con­

centration, the extent of dissociation inereased, or in othar woms, the 

ment ot IIIOnomer formation inereased. Fig8.~ show,· the etfect ot other 

ionic solutes on the depo1ymel"ization ot bovine liver catalase. The major 

spec1es in 3.5 M Kel., is d1mer 1Ulit with a sma11 amount of monomar: on the 

other ban:!, in 1.0 M Cael.2 it 1s ma1n1y monomer. S1milar sedimentation 

equilibl"ilUll plots ot catalase in presence ot non-ionie solutes vere shawn 

in Fig. 25 wn-1ch demonstrates that ma.1nl.y IIIOnomer species could be detected 

in 4 M urea, vhereas sedimentation ve10eity analysis indicated the presence 

ot 9.)6 S and 3.01 S in approximate1y equal proportion. A similar result 

was obtained with 7.5 M torma!!dde. 

Solvent perturbation exper1ments were extemed te S'tudy the 

cbromophol"io groups of oatalase. The Soret ban:l intensity is read.i1y a:ffected 



Sedimentation velocity cbaraoter1stics or Bovine Liver Catalasè> 

at a low protein concentration and varying rotor speeds 

Concentration· 
~DIJ1 Rotor speed ~O,w 

1.0 56,000 11.6 

1.0 32,000 11.4 

0.,5 44j OOO 10.6 

O.:) ,56,000 10.6 

0.14 ,56,000 10.6 

0.08 :)2,000 :).1 

0.04 40,000 4.2 

0.0:)2 52,000 :).4 

• contained 0.1 M tr1s-HCl butf'er, pH 8.6. 

S8a. 
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by the neB-iO!dc solutes ratber than by the iome solutes. Fig. 2610 

Pl"8sents the ultra'ViOlet absorption speotra ot catalase in urea am 2-

ebloroethanol. The dim1nu.tion ot the Soret band intensity vas obseNad 

vith both ur. and t01"!llBJld.de. Solvent perturbation clitf'erence speotra in 

presence of 1.0 M CaC12, am 8.0 K urea am 9.0 If tormamide were presentecl 

in Fig. Zl • CaCl2 is the on4r iome solute which afteotecl the Som bald 

intensityof catalase. It is welllmown that the heme moiety ot hemoglobin 

am also ot cytochrolle c and JÇ'Oglobln is locatecl in a ~phob1a :region. 

The speotrophotometl"1a st'Udies show that the non-ionic solutes and CaCl2 

vere capable of interaoting vith the ohromophoric heme group. 

The fluorescence em1ssion speotra ot proteins have providecl a 

sensitive means to en.l'U&te looalisecl aontormational changes. Fluorescence 

emission spectra ot catalase in presence of ioma solutes am non-ioma 

solutes are presentecl in Fig. 28-.:~.. Native catalase showecl the maximom 

emission spectra at 326 1IJl. NaCl and KCl did not sh1:f't the fluorescence 

em1ssion spectra of catalase, the max1Dmm em1ss1.on wave1ength being :327-:327 .. 

in both cases. A spectral sh1:f't to :3:36 1Ill1 vas obs8l"V'ecl vith 1.0 M CaCl2. 

The fluorescence emission spectra in non-ionie solutes displayecl a red sh1ft 

&Di ths values of the relative :fluorescence intensity vere increasad markedly. 

The maximum :fluorescence em1ssion wavelength vas :3:30 JIlllin 1.0 H 2-ohloro­

ethanol, 345ç in 9.0 H fomam1de, :348 1Ill1in 8.0 M urea, am :349 -li in 6.0 M 

guanid1ne-hydroebloride. 

The speotrophotometric titrations ot the tyrosine resid\leS vere 

carried out in 0.2 M KCl, .rd in presence of varying concentrations of urea 

to gather information in regard to the availability of the tyrosine residues. 
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60. 

Although the total number of tyrosine residues as obtained tram the am1no 

aoid analyses was 86, the number of avaUable tyrosine residues at the 

maximum pH in 0.2 M XCl vas 56; whereas vith 8.0 M urea., 64 tyrosines vere 

ioJd.zed. Fig. 291? shows that the inorease in the urea oonoentration 

faoilitated the ioDiBation of tyrosines of abnormal pk values. It may be 

81U'JIIised that these tyrosine residues are re1atively unsvailable in no~ 

solvant env1ronment. 

Eœmo Aotivit:v 

Sinoe bovine liver oatalase is an anB;yme exhibiting the property 

of an oxido-reduotasef) the effect or the solvent perturbation sysli8lll on the 

moleoular oonformation has been studied by evaluating the eœymio activity 

for the tille inte!"VÙs used during the sMimentat10n velo oit y experimEmts 

(150 m1n;;~ being the JDaldnmm tille e1apsing betwaen the mirlng am the term­

ination of ultraoentr1tage l'IUl). Figs.30 J&B show that whan oatalase was 

subjeoted to iordo solutes of inoreasing molarity, the el'lZymic activity 

deoreased with the inorease in the solute ooncentration in the media and 

a1so vith the :1norease in the tille interval. With the ion:ic solutes the 

inhibition in the eœymic activity vas quite rapid, between 0 - 15 min, and 

thereon the rate of 10ss in enzymio activity vas slow. The enzymic aeti vit y 

ns inhibited maximally by CaCl2 and least by LiCl (Fig. 30'-,.). NaCl 

appeared to be more effeative than KCl. 

Fig. )1 shows the erreet on the emymic aotivity when bovine 

UVal" catalase is subjected to non-iordc solutes like formamide, ures. &rd 

2-cbloroethano1. The concentration range studied with f'ormamide and urea 
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syst8lll8 showed the dissociation of cata1ase to DIOllOJIl8l' sub1mits (Figs. 2.' 
a,b). The decl'ease in the enzymic activit1' of catalase vas not appreciab1e 

in , H et~lene glyco1J;' However, in 9 M ethy18118 glycol solution some 10ss 

in enzymic activit1' vas noticed.. No dissociation ot catalase vas obse1"V'ed. 

in ethy1ene glycol system emp10ying sedimentation ve1ocit1' methods. Apprec­

iable loss in ~c activit1' vas not observed. vith '.0 M formamide. No' 

change in enzymic activit1' ot catal.ase bas been observed. with 0.5101 2-ohloro-' 

ethano1 solution tYVe the specitied. time periode A control ran using the 

reagent blaJ'lk vas conducted. UDder a11 solute: solvent interaction syst81118 

UDder identica1 exparlmental conditions. An the solutes used. during these 

investigations had very little aftect as such. WhUe both types ot solutes 

vere capable of irlhibiting the 8l'1Zymic activit1', the loss of 8l'1Zymic aotivit1' 

in non-ionic solutes in non-ionic solutes vas progress1'V8 in comparison with 

that in lonie solutes. It 111.1' be mentioned. here that the 10ss in eœymic 

activit1'over the t1me period tOI' sedimentation equilibrium runs (14 br) 

vere not carried. out during tbis investigation. 

DISCUSSION 

Analytica1 ultracentrifugation ot bovine liver catalase umer 

solvent:so1ttte interaction bas revea1ed. very interesting features in regard 

to the monomer association. AU the solutes, ionie am non-ionie, have 

been able to dissoc1ate eatalase with varying degrees of suceess. However, 

a distinct ditference ns observeâ between the sedimentation ve10eit1' 

eharacteristics with Nael, XC1 and Mel on one band, and Cael2, torwun1de, 

urea am 2-chloroethano1 on the other hard. While the latter group produced. 



a Schlieren peak ot approximately 3.5 S and another peak lower than 1l.6 S, 

the :tomer group abcnred only one braad Schlieren peak vith progressively 

decreasing S values. When these exper1ments vere comparee! with !. !lon-iDter­

acting system. (Cat&lase:human ilmmmoglobul1n G: bovine serum albulll1n), al! 

three peaks could be observed. Catalase presents an interacting system, 

vhers a 4 S component may be considered as the monomer species, and a com-

ponent ot higher S value as a mixture ot tetramer and dimer in varying 

proportion. Under simUllr solvent: solute interaction system. the dissociation 

ot tetrameric chick hemoglobin 1IIOlecul.es proceed.ed to dimer and to monomsr 

state but did not produoe two Schlieren peaks UDder any conditions. The 

restr1cted removal ot the perturbants tram the solution would tend to produce 

intact tetramer1c catalase molecule. These results imply that the subunits 

at catalase are in dynamic equilibrium. The sedimentation equilibriUlll studies 

revealed that the monomar association is dependent on the protein concentration, 

the presence ot monomer-d1mer equ1l1brium being obsel"V'ed in native condition 

(Fig.'2j' B~,.,). The presence ot monomer could sven be shcnm :trom sedimenta­

tion velocity expel"1iaeDt.s at a dilution ot A280 .. - 0.05, an increase in 

protein concentration resulted in an inoreased S value (9 S or higher). The 

S value also sesms to be depeDdent on the rotor speed. The presence ot a 

component ot 6 - 7 s, i.e. pure d1D:ter speoies, vas not detected UDder the 

present exper.t1lental coM1tions. During the sedimentation equilibrium studies, 

the ment ot monomer in the solution vas depement on the solute ooncentration. 

The sedimentation ve10city experiments showed that the iomo solutes like NaCl, 

KCl and tiCl vere not as etficient as CaCl2 ' tormamide an:! urea; whereas in 

aocordance vith the sedimentation equi11brium data these solutes wel'e oapable 



ot di88001at1J2g oatalas. to JaODOJIImc state, th • .n.it ot IIDDCaer ~Oru.tiDll 

d~ 011 th. ~r1mbantOODo_'I:.1'at1oll. 1b1s apparet disparit,' arl ... 

~-·:th. l'ut that the cUa.r-aollœer equU1bri,. o~ the oatalae. ls d.ptDd_t 

011 th. pl'OtG.n oonceatrat1oll. hrtbcaDre, th. gruter toroN &8 obta1J1ecl 

w1th th. h1gher rotor speede t.d to ~a",r the poq.m.at1oll. It 18 

1nteresti.llg to note that the r.oval o~ h.e proc:luoecl IIODClller eubun1 t. Apo­

catalue vu relati..q 1Dlstab1e and. ooald. 01l11' be kept 1Jl 8Olut1oll at 

pB 4.0, a sltaat10ll OOIIlparab1. to thos. obs8l'ftd w1th 1Dd1Y1d.ua1 Ob.~DS ot 

chiok h8lOglob1Jl (Chapter ml. 
~e Soret baDd .m •• (407 JIll) were IlOt afteoteci b7 dUUt10ll at a 

prote1Jl oollcetrat1oll range o~ A2BO JIll - 0.2 - 1.6. ~e Sl»ret baDd •• ]dm. 

Naa1Jled 1lJl8.tteoted by ior11o solutes ("'Cl, XCl aDd LiCl) altœugh tiae 

1Jlteaalt,' deoreaeecl w1th DOa.loll1o solutes. loa.loll1o solutes at lover 

oollomtratiDll l1ke 0.5 H ~abloro.thano1 01' 2.9 H urea, 801'Y81lt pertul'bante 

l1ke ._l_e gqco1 and norose .t • oollcavat.1.oll o~ ~ produoed 'Yerr 

llttle àhange. 'lhue stad1u show tbat th.e 801utes 1Ih1oh are oapab1e ot 

1Dduo1ng bJdropboblc 1I1teract1oll are &1.80 c.pab1e o~ deore.e1ng the Soret 

band 1Jltenel t,' aM also a eb1tt 111 the mn1ma. As regazds the ~ B =.e' 

the h.e. groups o~ cata1aa. are IIOre afteotecl by the solutes than thas. ot 

htIIIOglob1Jl. 

Studiee Oll the 1'111Ore80ac. _ssion speotra pointed. out tbat the 

t1'1Ptophan res1duu Gt oatalaee are st1'01lcl1' boDdecl iD ~pboblc regloll8, 

and. 1lO1l-1oJl1c solutes 11ke tomamide and urea, could. produce the recl ahUt. 

liaCl. aDd XCl. were 1I1e.t1'ective iD OOlltrast to the e.t1'ect ot CaCl.2 lIbere a 

red ehitt to 345 Dql was obsernd. At th1s end, CaCl2 vas 1.s et1'eotive 
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oompared to guanicl1ne ~rooh1or1de, urea or formam1de. The tyrosine 

1oDiBation speotra also revealed. the strang ~phobia interaction iD the 

catalan moleonle: for uample, vh1le the amiDo acid analys1s revealed the 

presenoe ot 86 tyrosine residus, 64 tyrosines vere obtained iD 8 M urea 

am ,56 in 0.2 M KCl. It irdicates that quite a large number ot tyrosine 

residues are strangly hydrogen bonded aM are not easily available to the 

solvent environment. 

Both ionia and non-ionio solutes produoed inhibition of th~ 

catalatio aativityat a sutf'icient solute conoentration. S:ince oatalase 

exists mainly as a monomer at a protein concentration generally employed 

tor the d&temination of 1ts enzymo aotivity, the catalase monomer appears 

biologically to be the active unit. The solutes produoe both gross a1'ld 

looaliBed oonformat1onal ohanges in càtalase which retleot on the enzymio 

aativity to diff'erent degrees. The recombination experlments whiah are in 

progress in our laboratory conf'orm to this faot. 



CBAPTER V 

DISCUSSION 

Studies on polymers proteins have prov1ded us with an interesting 

phenOlùmon of IIlOlecular association. This association is rather specifiez 

lor example, the association ol CL- and t:l-sublmits ol hemoglob1na. These 

associations staDi qUite distinct f'rom molecular aggregation whieh eould be 

produced. by physical and ehemioal me8.ns. Three d1mensional atomie modela 

of' multi-chain proteins like hemoglobins (114, 4,), a-ohymotrypsin (14') am 

single ehain proteins like myoglobin (1.3', 1,36) lysozyme (146-148) earboxy­

peptidase A (149-1'0) am ribonuclease A (1.51, 1'2) indioated. that the polar 

side chain groups are in comact with the solvent IIlOlecules, &Di the non­

polar groups are avay from the sol vent interaction being placed. in the 

ereviees or inside the Molecule. The polar groups eould stabilise the 

protein IIlOleoule via eleotrostatic interactions located. wi thin the 8&lIl8 

subunit or its neighbour. Hydrophobie interaction may also oeeur among 

inter- mi intra-polypeptide ehains (102). It appears that the polymer 

integrity is depandent on both the electrostatic and hydrophobie interactions. 

The gross conformation of these proteins in aqueous medium of neutral pH and 

10w salt concentration is believec! to be essentially the same as the molecular 

models derived. from the crystals. Most of' the proteins are compact MOlecules 

which stem from the specifie folding of' the polypeptide ehains and wbich in 

turn vas facilitated by disulphide bridges. There are severa! forces 

intluencing the gross conformation of the protein: short range forces, e.g. 

Van der Waals forces, coulombie forces, etc., hydrogen bonds, hydrophobic 
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boms (102, 15). Theae interactions are depement on the sequentia1 

arrangement ot the amino acid residues. Solvent environment is one ot the 

major dec1ding taotors towal"ds the stabil1Bation ot polymer mo1eoules. A 

suitab1e ohange in the so1vent env1romeent w1l1 oounteract the inter-suban1t 

stabil1Bing torces and eventually im'UCe a depolymemation. It may, however, 

be mentioned that in very dilute solution, hemog10bin dissociates (10). 

Sohaobman and Edelstein reported the· dissociation of: lmman oxyhemoglobin A 

to lIlOllOIIl8r at a conceDtration ot 0.002 mg/ml and to dimer, at a slightly 

higher protein ooncentration ot 0.017 mg/ml. (14). BonaventUl"a am R1ggs 

obsf:'rved that baman oxyhemog10bin KanSas (fJ-102 th!" "7'" asn) dissooiated to 

d1mer tom at protein concentration (0.1 mg/ml) h1gher than tbat reqU1red tor 

human o:x;yhemoglobin A (1,54). 

Solvent:so1ute interaction studies as presented herem vere ca1"l'1ed 

out in an aqueous medium. According to the OUl"'l'ent conoept, l1quid water is 

in equUibrium states varying trom tatra-hydrogen bomed (ice-like) to non­

hydrogen bomed stmature (f'loee vater) (88, 15). The mo1e-traction ot each 

ot the tour spec1es present dspems on the temperature ot the solution (00 
-

800
). Addition ot electrolytes to solvent (vater) produoed ion-ion, ion­

dipo1e am dipole-dipo1e interaction in solvated condition, 81'ld Alters the 

die1eatrio properties ot the medium. Variation in the die1ectric property 

ot the medium depends on the cha1"acteristic/3 ot the solutes. During the 

present atudy the ohlorides ot ,Llkal1 matals, Li, Na, K and. alkal1ne earth 

metal, Ca, were used; whUe the former group represents uni-univalent 

e1ectrolytes, the latter one di-univalent e1eotrolyte. Compa1"1ng the 

disruptive etfect of these electrolytes, LiCl vas found to be 1east ef:feôT,ive 



vith no signiticant dif'terences being observed between NaCl and KCl. CaCl2 

was the most eftective ot the ionie solutes used. In a11 cases an increase 

in solute concentration proc1uced an increasing diaruptive ettect. The ionie 

~tion values ot NaCl, XCl and Ca~ are 3 • .5, 1.9 m:l12.0 respectively 

(1.5.5). The dielectric constant ot the se electrolytes in vatel' ( ~wlll! '78 • .54) 

at 2SO are 22.,54, :34.,54 am 43 • .54 tOI' 4 M LiCl, 4 M NaC!,. and 3 • .5 M KCl. 

These values vere calculated trom the equation E ::: ~ w +2dc, where ( , 

dielectric constant ot the electrolyte at a concentration c; é Vi' dielectric 

eonstaDt ot water; 6 ,halt the 1IlOlar depression; c, the concentration ot 

solute in moles/liter (8.5). The mean ionie activity coetficients at 1.0, 

2.0 and 3.0 IIlOlal solù:tion are 0.492, 1.78.5 and 4 • .588 tor WaCl and 0.36.5, 

1.313 and 2.914 tor KCl (1.56). 

The non-ionic solutes employed vere amide derivatives (urea, 

t01'llla1llide and guaJJidine bydrocblo1'1de) and an alochol derivative (2-cbloro­

ethanol). Accol'ding to Frank and Evans (89), introduction or a non-polar 

IIlOlecule induces an "iceberg" structure in bulle water. Schellman (1.57) 

reported. that in dilute uree solution there is an equilibrium, 2(urea)aq 

..cg (urea2)aq' and that at higher urea conoentrations f'ul"ther polymerisa­

tion gives trimera, tetramers, etc. The addition ot urea to water produoed. 

urea-water olusters. These olusters provide the interstitia1 spaoe in the 

solution whioh aocommodates the hydrooerbon moieties. Thus, urea appears to 

solubilise amide, peptide am hydrophobie groups (1:39, 140). ot the three 

amide derivatives used., the relative order ot erteotiveness was, 

guan1din .. ~cblorid.., urea and tomam1d.e. 
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The dual propel"ties, ionic aDd DOn-ionic, ot gnan1 d1ne ~chlo1"ide could 

aCCOl1Dt tor the greater d1sraptive ~tect. It is iDteresting to note tbat 

a1though 2--chloroethano1 has wideq beel'l usee! as a helioogemc solute (158), 

it vas capable ot depo~iDg both ch:1ek hemoglobin am bovine liver 

catalase; the disruptive effect is not as great as observer! vith the other 

Studies on the ~c pl'Ope~ies based on ana~1cal ultl"8.­

centrifugation and 'Yisoosity determinations ilxiicate that no gross coDf01"ll8-

tioDal change aecompanied the dissociation ot cMok h8lllOglobin iD both ionic 

aM non-1onie solutes~ HOW8Ver, local:1zer! eontormatiow changes aS l'8tlected 

in the diminution ot Soret baDd iDtensity vas observed vith aU DOn-1onie 

Af ) /NH" ) solutes, 0 =C''''d (tomam1de , 0 =c . (urea ; 
~He ~~ 'N~ 

H"" = C,: Hel (g1'.an:1diDe ~rochlo1"1de)' caC12-' 
NIi~ 

Binding ot these solute!! t!) pretoi.~ =10::-....l60; haa been repo~ed by several 

iDYestigators as insignificant. Hc:mrver, divalent ions like Zn++ &rd Ccl*, 
have been reported to react with the imidazole groups (1.59). Spem whale 

myoglobin has been shawn to biDd bath CU aM ln (160, 161). Metallo-

enBl'JII8S like C81"boxypeptidaae biDd diva1ent cations (162). The accessibility 

ot eb1'omophoric side chains ot tyrosine am tryptophan, 1s tacilitated 'by the 

solvent pe~1:Il'bants (105). Solvent perttU"bation dif'terential sp8Ctrophoto­

metric &tudies has also revealed. localized eonformationa1 changes iD ribo­

nac1ease (163), bovine serum albumin (104). Furthermore it has been 

established that the st'rOnger denat1ll"8.Dts cause a hel:ix-ran:lom coil transi­

tion. (164).' 

The existence of hemog1obins as a tetramer in an aqueous meditml. 



(neutral pH, low salt concentration) is such that the free energy of contact 

between the four submdts is 1ess than that betveen a subuD1t and. the solvent 

8JIriroDll8Jlt. ReImcwal of -the heme moietY' from cMok hemoglobin produced a 

mixture of ct and ~ ohains, which exists in a dimeric fom (~) ('1811. 1 &: 9). 

The S&1II8 observation was made vith 8JIinoetb3rlated globin. A. aaa1ler disrup­

tive force (4 H) is required to dissociate globin (ae) d1aers to monomers 

than for the dissociation of hemoglobin (~)2 tetramers to monomers (8 If 

uraa). It Was a180 observed that in the absence ot ~-cha1:ns, the ct-chains 

are 1U1stable in nature and have to be kept in solution in presencs of urea 

(2 H - 4 H urea, pH 3.5). Thus it appears that unlike chains stabilise each 

other •. This in turn ref'lects a lover f'ree energy of contact between the 

diss1m11ar subanits. It has been mentionecl previouslY' that the addition of 

a solute to the protein solution causes the dissociation of the protein 

1I01ecule. To do so it DII1st dec~ase the free energy of contact of the sa.b­

œd.ts vith the solvent (165). The addition of strong e1ectrolyte solutions 

is lmown to .weaken polar interactions and strengthen non-polar ones. They 

wald therefore be expeoted to veakan the forces between the like suburd.ts 

am strengthen those between the unlike subunits. This explains why 

symmetrical dissociation ocours. The change in tree anergy, when the prote:1n 

_1ecu1e dissociates would be a ref'lection of the binding anergy between the 

1ike subunits. nrsbner am TantOM have reported a change in tree energy 

of 5.1 kca1/mle for human carbonmonoxybemoglobin am bovine ferrihanoglobin 

in 2 H NaCl (32). For chick hemoglobin uMer s1.m:ilar conditions, the changes 

in tree energy vas approrlmately 2.' kcal/mole. It appears trom these data 

that ch1ck hemoglobin is lTJOr8 resistant to dissociation than the lII8JIIII&lian 

hemoglobins. A s1milar result vas obtainecl trom pre11minary data comparing 
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the behavior ot ma_lian am avian hemoglobins (Chapt. " sect' .. on 2). 

Sed1mentation velocity analysis ot ohiok hemoglobin in presence 

ot inoreasing concentration ot iomo &Di non-iomc solutes shOlled. a single 

peak ot d~reasing S value. In aD interaoting system, where the oomponents 

are in equ11ibri1Dll &Dl the S values olose (4.4 S am 2.8 S tor tetramer and 

d1.mer ,respeotively), the remotive irda: gI"&dient CUl"Ve taUed to resolve 

the rate ot lIIOVemm ot individ:aal oomponents into peaks. The degree ot 

dissociation, a., trom the tetramer to dimer10 state, oou1d. he asS8ssed by 

re1ating the obsernd S values to the asaumecl values ot tetramer am d1mer. 

At a high solut.· oonoentration, the presence ot IIIOnomer imposes a astriction 

on the evaluation ot dissociation oonstant (tetl"8ll18r ~ cH:mer) • FarthermoN, 

the deteotion ot monomer present in such a syst_ is limited by the mode ot 

operation employing Sohlieren optios. This bas, however, been overcoJlle by 

the automatio photoeleotric scanner operatiœ in oonjunotion vith sedimenta­

tion equilibri1lJll msthod.. Thus, traces ot monomer could be detected in 2 M 

NaCl and so also in '.0 M KCl, the correspol'ding S values being 2.81 S and 

'.0 S.- S1mUarly, traoes of tetramer could be deteoted in 4 M urea. Whether 

or not a lover protein concentration for a partioular solute concentration 

produoed turther dissociation could not be asoertained lUIder present experi­

mental conditions. 

The JIIOnomer association as observed with bovine liver catalase has 

provided us with a very interesting but complioated phenomenon~ Both ionic 

am. non-ionic solutes are etfective in dissociating catalase molecule. 

However, a distinctive teature was observed where the S value in NaCl, KCl 

am Liel decreased with increase in solute concentration aM a single 

Schlieren peak was observed. In contrast, the Schlieren plots revealed two 

1 
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componants in non-iomc solutes, the tist.·.component with 9 S or higher, 

am a slow one with ).5 S or 1ower. A componant with an intermediate S 

cHd DOt appear. A marked deozoease in S value compared to native oatalase 

(1l.6 S - S~O ,,) implies a red.uotion in mo1eoular si~e. Following a simUar • • 

argument as used. vith cMck hemoglobin, the presence ot dimer is indioated 

in these solutes. If' the decrease in the S values were a reflection ot the 

degree of dissociation, the presence ot IDODOJIl8r RS deteoted at 8. stage 

wherein appro:x::1mate1y 5~ ot the tetramer speoies had been dissociated. 

The range ot solute concentration where the simultaneous presence ot tast 

and. slow componeDts vere obsel"'V'ed, _8 rather narrow. CaC12 vas the only 

ioDic solute which produoed two componem;s, am produced the lowest S value 

tor 'the tast mov.1ng componant (Fig.l? D ). It seam.s worthwbUe to point 

out tbat a smooth S vs solute concem;ration plot was obsel"'V'ed in NaCl and 

KC1 without a.rry break am the l1miting S values vere loVer than those 

observed. wi th the fast componms in presence of non-iomc solutes, implying 

a smooth shif't in the equ1l."\.br1um states (tetramer ~dimer:#= monomer). 

A simil ar departure in the behavior of CaCl2 Ra obael"'V'ed in fluorescence 

emission spectra. &Di differentia1 spectrophotometric studies. A more 

prono1Dlced change in the Soret band. region RS obsel"'V'ed with the non-iomc 

solutes. Try}*ophan residues vere made ava.i1a.ble by the solvent environment 

by these solutes. In genera.1, studies on bov:L.,e Uver oata1a.se pointed out 

a marked distinction in the bebavior ot non-iomc a.Jd ioDic solutes. 

The dissociation of hemoglobin trom tetramer to dimer and monomer 

et a low protein concentration is an established fact (10, 14). At a protein 

oonoentration where cbiok hemoglobin exists in solution as tetramer, the 
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SM'mentation equ1libr1:am analysis showecl the dissoc1à.tion of bovine live 

catalase floom a tetra.mer1o &tate to a m:1:x:ed. speoies of dimer aD!1IIOnomer .. 

In oomparison to cbiok hemoglobin, solutes at a lover concentration produoed. 

inoreasing amounts of monomer speoies. The exper1mental results with the 

ionia aD! non-ionie solutes içq that the stabUiming fOl"Oes between the 

subunits of tetramer in catalase are weaken tban those between the su'bllnits 

of cbiok hemoglobin, am that both eleotrostatio am hydrophobie interactions 

play an important role in the polymer stabUimâtion. 

The theories of low speed. SE!CHmentation equilib1"1:am assame that 

the chemieal potential is indepandeDt of pressure. For a typical sedimenta­

tion equilibrium experiment at low angular velocity am with a short tluid 

aolumn, the effect of preSSUl"e has betm aonsidered. to he small (18). Sinee 

the- ultraeeutrifuge is operated. at moderate to high rotor speed.s for analy­

tical sedimentation velooity exper1meDts, high pressure of the order of 

100 - 500 atlDosphere may he generated at the ee1l bottom. Kegeles, Rhodes 

aD! Bethune (166) have pointed out that because of the overwhelming affects 

of high pressure gradients on maeromolecular reaotions, mo1eeular wa1ghts 

cannot be determined wlth suf'fiaient aoeuraey trom the sedimentation 

coefficient unti1 it is shawn to be indepement of speed. am pressure. Dur.1ng 

present studies sedimentation equilibri'Um analysis showed. tbat bovine JLiver 

catalase dissociated. to a mixed species of monomer am dimer. A higher 

speed (Fig. 23 ) favored the formation of a heavier component. For a similar 

concentration as used in the equilibrium analysis (56,000 rpm) a species of 

10.6 S were detected in the scanner velocity experiments, a value which 

indicates a mixture of tetramer am dimer. In the sedimentation veloc1ty 



exper1ments the presence ot monomers could only be detected at verylow 

protain ooncentrations. It appears that pressure generated in the ,q,tra­

oeDtrifuge oell. inf'luenoes the monomer-dimer assooiation ct bovine liver 

oatalase, am that the d1.mer-dilMr association is more rapid than the 

monomer association. 
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