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AII ahown inthi~p~r,protoporphyrino~aIX(~OD~)i6 forpIed from 

oopropor@yrino@n III (COPEOG~ III) by the oxidative deoarboqlation of 

two propionio aoid side-ohalnr to foa vinyl groupa. we ml1 the 0n!4ym. 

reoponmible forthir oonversion"aoproporpQrinogon oxidative dooarbo~laae" 

(CQ)). Protopo~ IX (PROTO) in aubnequantly formed by the oxidatlvo 

removal of d.xhydrogenatoma fromthepol?phpdno~nuoleur; if al oxidam 

16 involved, n qpptthat it bo odled Yprotoporphyrinogea oxidam". 

COD lo a partioulato eneymo ay*tr (Drerel, 1955; ormiok a Hauserall, 

19%; Sane, 1958) aad im iuhibited br anmrobio oonditionr (Falk, Dreeel dc 

rhington, 1953g maal b Falk, 1956). Prestmed intermediate8 have been 

deteoted by Bogorad & Oruaialr (1953) and PUk et 3. (1956). COD haa been -- 

obtained in 8olublo folrn Irma cell partioler of Eu&ina and ohioken erythro- 

oyter (Oraniok & Hauserall, 19%) and from wetoue-dried powders of liver 

mitoohondria (slm, 1958). 

The remlts reported here provide evidea~ that an intermediate in the 

oonvermion of CO- III to PRCYPoO1pI is, or oau beoome, bound oovalatly 

to protein. 

j Australian lJ[ational Univerrrity Ph.D. student. 
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Enzivme Ertraot.- P'resh bovine liver mitoohondria were prepared by the 

method of Hahler, Wekil 6: Both (1953). An aaetone-dried powder was 

prepared, by the method of Horton (1955), from the mitoohondrial paete 

obtained from the barrel of the Sharples oentrifuge. The acetoneaied 

powder (10 g) naa then extra@& for 6 min with 50 ml of ohilled 0.04 Ii- 

potassium phosphate buffer, pli 7.4, in an ioe-cooled Servall huGmixer, 

using a 50 ml ohamber, operating at 83s of line voltage. Two further 

extra&ions (20 ml eaoh) were required to extra& all the ensymio aotivity. 

The extraot was centrifuged at 105,000 I g for 60 min and then dialysed 

against 10 volumes of the same buffer at 4'C overnight. From 10 g of 

powder approximately 90 ml of extra& were obtained. The protein eon- 

oentration was approximately 12 mg per ml (Lowry et al. (1951)). -- 

Aemw for COB aotivity.- 0.4 ml of ensyme extraot was inoubated in air 

for 30 min at 37'C, in the dark, with 10 w moles of OOPRW~ III, 50 

~moles of reduoed sodium glutathione and 100 or moles of potaseitau phoe- 

phate in a final volume of 3.9 ml snd at pH 7.4. COPROGsp? IIIwaepre- 

pared from ooproporphsrin III(COPR0 1II)bythe sodiumemalgammethodof 

Mauaerall and Graniak (1958); yield oa. 95%. At the end of the ineuba- 

tione; I2 was added to oxidise all porphyrinogens present, and exaes8 free 

I2 was removed by adding cyeteine. Sufficient 11.6 N-Xl was then added 

to make the final HCl oonoentration 1.37 N. The protein preoipitate was 

oentrifuged down and washed free of soluble porphyrine with 1.37 N-EEL 

The aupernatant and waehings were combined and the optioal densities read 

at401.5 my and 407 w. The oonoentrations of COPRO III end PROTO were 

then determined by solving two simultaneous equations, where the four con- 

stants Bse thee mR of COPRO III and PROP0 at 401.5 rnp and 407 I+. 

By this method the porphyrinogena and the porphyrins formed from them 

by autoxidation during incubation are estimated together as the oorresponding 
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wrpbyrinr. The aasayy, aa deroribed, doer not diatinguleh between COD urd 

protoporphyrinogen oxida8e aotivltiee. Reoovery oqmiamtarithporpbyrin~ 

need no I2 treatment. 

lhder the etated aseay aonditionta PRUPO fornation inorecueo linearly 

with time up to 60 lain and, in 60 q in inoubationr, lnorerrsez linearly with 

enzyme extra& oonoentration up to 0.8 ml; the aotivity of extraota varies 

from batoh to batoh. PRCTO formation was inhibited oompletely by boiling 

the enzyme and by anaerobioais, but uatz not affezted by dialyeia. 

In short aerobio incubatlonm with COPROCRJ III the total reoovew of 

porphyrin was between !jC# and 76. The lost porphyrin was found to be bound 

to the protein preoipitate. Surprisingly, this “protein-bound” porpm 

did not fluoreaoe in ultrdolet light when suspended in 1 R-HCl. Q the 

additiqn of 1 Il-BaOE ao that the pR rose above 2.5, the usual pink fluoree- 

oenoe was observed, and wae abolished on reaoidiiying. 

The lo#rr of porphyrin onto the protein ooour8 with COPRCCEU III only. 

COPRO III, COPRC I, CCPROCBJ I lrnd PIKE0 (approx. 10 rnp mole eaoh) wore 

reoovered oompletely aiter 30 min inoubation with the enzpe extraot. 

Complete reooveriee of PRUPO were obtained ale0 after lnoubation in the 

preeenoe of Fe++, demonstrating the ahsenoe of ferroohhelatase (Hiehida & 

Labbe, 1959; abbe, 1959). 

mm COPRCGEi III was added to the enzyme extra& there VBB no loee of 

porphpin onto the protein at sero-t-e, or after 30 min incubation in 

anaeroblo oonditione, or after 30 min aerobio inoubationz with boiled enzyzW 

extraot . An aerobio enzyme reaction thus appears to be neoeasary for the 

fonzatlon of the.nprotein-boundW porphyrin. Sinoe COPRWEZi III ie reoovered 

completely under these oonditions, the binding oannot be due to eimple ad- 

sorption, or to reaotlone of COPRCCEN III with 12 or to the aubeequznt HCl 

treatment in the preeenoe of protein. 

181 



Vol. 5, No. 3,196l BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Reoovery expetienta were oarried out vith PRUI’CCRI also. Our best 

preparations of PRUPOCRiT, made by reduotion of PROTO with IkBE4, shoved only 

3Oj6 reduotlon, but oomparable PPOTOCX oonosntrations were maintained by 

reduoing three times as muoh (30 mp moles) PRCPO. On oxidation, at the end 

of inaubatlon, these high oonoentrations led to preoipitation and loss of 

PItUP by adsorption onto the protein preoipitate. This adsorbed PRUPO had 

similm, but not identioal fluoresoenoe properfiee to the ensymioally fonwd 

“protein-bound” porphyrin. The adsorbed PECYPO oould, however, be reoovered 

oompletely from the protein by extraotion with glaoial aoetio acrid. 

The “protein-bound” porphyrin oannot be split off by @aaial aoetio aoid 

or by ethyl aoetateeoetio aoid, aoetone-HCl, 5$ w/v sodium dodeoyl sulphate, 

5% oetyltrimethylaabonium bromide or 8 M-urea. Nethoda whioh will split 

this oomplex and yield ether-soluble porphyrin are: prolonged hydrolysis at 

40°C for 60 hours in the da& with either 5J+IiCl or 1 MJaOE, the silver 

salt method of Paul (1950), and treatment overnight at 1y)om temperature with 

fjO$ JiBr in glaoial aoetio aoid (Hill& Keilin, 1930). The porphyrin appeare 

therefore to be bound oovalenfly to the protein. 

That the aprotein-bound” porphyrin was not simply adsorbed PRVPO was 

eonfIrmed by paper ohromatograpby of the porphyrins split from the protein 

by aoid hydrolysis, us- the 2:6-lutidine method of Fall et al. (1956). a- 

There were two spots: sn intense spot oorresponding to a tetraouborylio 

porphyrin and a very faint spot oorre5ponding to a dloarboxylio porphyrin. 

Than the aoid-preoipitated protein with ita bound porphyrizm was 

dissolved in equ6iJ parts of 1 Iy-haOJJ, pyridine and water, a olear solution 

waa obtained rith a Soret absorption peak at 399 mp. BP -trming=JTm 

the results shown by the unshaded ooltmne In figure 1 were obtained. 

As shown In figure 1 the “protein-bound” porphyrins deorease on longer 

incubation with ensyme extra&, while the PFtW.0 inoreasee. 
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Fig. 1 &JBVWiBiOn of c@EKX~ IfI by en5yme extraot. 
Inoubation OOXlditiOB~ am in the text, exoept that 2.8 ml of enayma extmot 
were u8ed. !si , @xRo IIIj Ea, PI?mOj 0, “proteiB-bound” porphyrin 
ertimtated in alkaline ~icline a8 detaoribed iB text. 0 , COP= autox- 
Ldation in the abmnoe of l nsymo extra&. Porphyrinogear and porp~rr 
were estimated together 86 the oorreeponding poqhyriae (see Text). 

DISCUSSI(B 

Evidenoe which will be preeented elsewhere demonstrate8 that 8 aon- 

eiderable portion of the enqmioally famed PEW!0 iu present, before oxi- 

dation with 12, in the foa of PlKYNG~., It liesma reasonable, therefore, 

to amane that all the ix&mediate etepa oetalyeed by COD involve porphyrin- 

ogen8 rather than porphyrins. 

The reeulte ahow that an intemedlate in the oonvereion of COPROGm III 

to PEUI!~ bwomes bouwi to protein. While neither COPBXS¶i III nor any 
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of the related oompounda added booam bound artefaotually under the m-0 

eonditionm, it 10 poeoible that the true intmmediate tetrapyrrole might do 

80. Altcwxmtively the true intermediate may be a protein-porphyriaog 

ciomplex. The porphyrine obtained from theme oomplexea by aoid and alkaline 

h@roly8ie have been etudied and their propertier will be reported elsewhere. 

It is a pleuun, to aoknovled@ the helpful advioe we have reoeived 

fromDr.LarrenoeBoBogorad. 
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