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            Plant Phy siol. (1967) )2, 1569-1586 Immunochemistry of Biliproteins1 Donald S. Berns Division of Laboratories and Research, New York State Department of Health, and Department of Biochemistry, Albany Medical College Albany, New York 12201 Received July 5, 1967. Siimmiary. BiliproteinS were extracted from representatives of the Cya nophiyta. Rhodophyta, and Crv,ptoplhvta and purified. Both purified and cru(le biliproteins were used to stinmulate rabbit antibody directed specifically against tlle biliproteins. The antigenic and immunogenic inter-relationships of these proteins were investigated bv the Ouclhterlony double diffusion technique. C-ph-cocyan'ins from all sources were foundl to be antigenically and immunogenically related and apparently also related to allophycocyanin but not to any of the phycoerythrins. Larger antigenic differences amilonig phyooervthrins from different grou,ps of algae were discovered. The ro'e of aggregation of the indi- vidual biliproteins in their immunochemistry was characterized. Attemiipts were made to determine the phylogenetic significance of these results. The immunochemical aspects of the billiproteins were striking in that {protein antigenls from vastly different cell types were found to be closely related. This relationship may be interpretedl as su,pporting the suiggestion that Rhodophyta evolved from Cyanophyta or fromii some common ancestral stock. Biliprotein-s are chromoproteins enicounitered in a variety of algae. Their prevalence anid properties have been recently summarized (23-25). They con- sist of a tetrapyrrolle chromophore associated with a protein moiety. The primarv function of these pro- teins is as a secondarv photoaccessory pigment system useful in increasing the efficiency of photosynthetic light gathering. The energy absorbed by these pig- ments is transferred to chlorophylvl via internal energy transfer. TPhe nuniber of energy harvestinig pigiments included in the class known as biliproteins is large and includes the plant grow-th control pigmllent. phvto- chrome; howvever, they are usually- divided into 2 general categories, phvcocyaninis and phycoerythrins. This division is historically based on spectral proper- ties of the pigmenits. The proteins are founid in large amounts in algae and have been known to accotunt for as much as 25 % of the weight of the algal cell. and consequently for a much higher percentage of the cell extracts. The algal sources of these proteins vary and include the procaryot.c cell types of the bacterial-like Cyanophyta; the eucaryotic cell tvypes of the Rhodophyta; and even the flagellates of the Crvptomonads. Apparently re'ated proteins, found in such a variety of cells, present an unu-sual opportuinity for investigatinug phylogenetic relationships through the use of the biliprotein as anl inclicator of genetic similarities. Tihe immunochemical techniquie is 1 Supportedl in part by a granit (GB4460) from the National Science Foundation. uniquelv sensitive for such a study (8, 9, 21, 28, 32). Three recent investigations of the immunochemistry of biliproteins (2, 6, 33, 34) have partially character- ized some phycocyanins and some phycoerythrins. The sensitivity of the immunoche.mical techllique withi b)iliproteins has been recently confirmnd by an optical rotatory dispersion study of several phycocyanins in the fully deuterated and normal form bv Boucher et al. (). I'he immunochemistry of these proteins was previously investigated by Berns (2), with the same conclusionis as to secondary and tertiary structuire as in(licated from the optical rotatory dispersion studies. Thie greater sensitivity of the imniunochlelmi- ical teclhnique indicated different quarternarv struc- ture to which the optical rotatory dispersion mleasure- ments in this case were insensitive. Extenisive physico-chemical studies on the C-phivco- cy-anin system by Berns and co-workers (3-5, 29) and others (16, 18) have demonstrated that C-phlco- cyanin is an aggregating system and it has been recently suggested that very large a-gregates (25 S and larger) of phycocyanin are imiiportant in vivo (A, 5; T. J. Lee and D. S. Berns, in preparation). 'rhe morphology of the su-bunits of these aggregates lhas heen established (3) and it appears likely that the existence of the hexameric unit is particularly useful for efficient energy gathering and biliprotein- chlorophlvll energ- transfer. For the purpioses of future discussion in the present publication, the algae used with the biliprotein types and associated absorption characteristics airC listed in table 1. 1569 
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Plant Phy siol. (1967) )2, 1569-1586
 Immunochemistry of Biliproteins1Donald S. Berns
 Division of Laboratories and Research, New York State Department of Health,and Department of Biochemistry, Albany Medical College
 Albany, New York 12201
 Received July 5, 1967.
 Siimmiary. BiliproteinS were extracted from representatives of the Cya nophiyta.Rhodophyta, and Crv,ptoplhvta and purified. Both purified and cru(le biliproteins wereused to stinmulate rabbit antibody directed specifically against tlle biliproteins. Theantigenic and immunogenic inter-relationships of these proteins were investigated bv theOuclhterlony double diffusion technique. C-ph-cocyan'ins from all sources were foundl tobe antigenically and immunogenically related and apparently also related to allophycocyaninbut not to any of the phycoerythrins. Larger antigenic differences amilonig phyooervthrinsfrom different grou,ps of algae were discovered. The ro'e of aggregation of the indi-vidual biliproteins in their immunochemistry was characterized. Attemiipts were made todetermine the phylogenetic significance of these results. The immunochemical aspectsof the billiproteins were striking in that {protein antigenls from vastly different cell typeswere found to be closely related. This relationship may be interpretedl as su,pportingthe suiggestion that Rhodophyta evolved from Cyanophyta or fromii some common ancestralstock.
 Biliprotein-s are chromoproteins enicounitered in avariety of algae. Their prevalence anid propertieshave been recently summarized (23-25). They con-sist of a tetrapyrrolle chromophore associated with aprotein moiety. The primarv function of these pro-teins is as a secondarv photoaccessory pigment systemuseful in increasing the efficiency of photosyntheticlight gathering. The energy absorbed by these pig-ments is transferred to chlorophylvl via internal energytransfer. TPhe nuniber of energy harvestinig pigimentsincluded in the class known as biliproteins is large andincludes the plant grow-th control pigmllent. phvto-chrome; howvever, they are usually- divided into 2general categories, phvcocyaninis and phycoerythrins.This division is historically based on spectral proper-ties of the pigmenits. The proteins are founid in largeamounts in algae and have been known to accotunt foras much as 25 % of the weight of the algal cell. andconsequently for a much higher percentage of thecell extracts. The algal sources of these proteinsvary and include the procaryot.c cell types of thebacterial-like Cyanophyta; the eucaryotic cell tvypes ofthe Rhodophyta; and even the flagellates of theCrvptomonads. Apparently re'ated proteins, found insuch a variety of cells, present an unu-sual opportuinityfor investigatinug phylogenetic relationships throughthe use of the biliprotein as anl inclicator of geneticsimilarities. Tihe immunochemical techniquie is
 1 Supportedl in part by a granit (GB4460) from theNational Science Foundation.
 uniquelv sensitive for such a study (8, 9, 21, 28, 32).Three recent investigations of the immunochemistryof biliproteins (2, 6, 33, 34) have partially character-ized some phycocyanins and some phycoerythrins.The sensitivity of the immunoche.mical techllique withib)iliproteins has been recently confirmnd by an opticalrotatory dispersion study of several phycocyanins inthe fully deuterated and normal form bv Boucheret al. (). I'he immunochemistry of these proteinswas previously investigated by Berns (2), with thesame conclusionis as to secondary and tertiary structuireas in(licated from the optical rotatory dispersionstudies. Thie greater sensitivity of the imniunochlelmi-ical teclhnique indicated different quarternarv struc-ture to which the optical rotatory dispersion mleasure-ments in this case were insensitive.
 Extenisive physico-chemical studies on the C-phivco-cy-anin system by Berns and co-workers (3-5, 29)and others (16, 18) have demonstrated that C-phlco-cyanin is an aggregating system and it has beenrecently suggested that very large a-gregates (25 Sand larger) of phycocyanin are imiiportant in vivo(A, 5; T. J. Lee and D. S. Berns, in preparation).'rhe morphology of the su-bunits of these aggregateslhas heen established (3) and it appears likely thatthe existence of the hexameric unit is particularlyuseful for efficient energy gathering and biliprotein-chlorophlvll energ- transfer.
 For the purpioses of future discussion in thepresent publication, the algae used with the biliproteintypes and associated absorption characteristics airClisted in table 1.
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PLANT PHYSIOLOGY
 T' ii )d 1. Pistribn tion, of .AI lyac Blhi-olp1t)il0s
 Algae and11111 'ispecies
 IDivisioln C 'aulophNitaOr(der C'hroococCul.sFa ii v C 1-0000CC(1C 00'
 S;'V 1 '/Ioc)001) li-di tus
 Or"der Aost0ocl0s
 F'annlik ().ac i Ia11to1ra'C(1tILvigbya sIp.IPhoi nmidiu Pt'I11S cI(111
 o.'/o, 1 id inz r1si(-iuFamiily A os/tac
 \X.osto 1III 15-o001111!
 F.lmnily Sc1ton1 SI'.lacca1¼) lllil\ i.S lol n cmna c l00111'
 C tlothri.x 111)11/il 1
 Div ision, Rhodophy/eztaClass Thiisl 'hvophlOrder Porphyridia!eS
 1'aiii PorPIvyridi(aCOCProder ridie Ci ''ItSW m
 Por0Ih ylvia m a r g n u
 Claiss C'Forid,1ophycli ,
 Order Ci'yr'/on'iula!cls1('i,m niuv C ler'a miacc'ata
 Divisio 1C /nitophItaClalss Crv-P/toP1Ij1 cr7C
 ()rdcr C rvNMOZ110t(hlellt
 R lio(loiiIOBI(IS sp,.[Gct'111,s (of 1111'c'rt1tl, p)ositionl:(Ow ,islii,,,11]
 Biliproetills
 C- PC, a(111 I'C
 C-
 C
 C-
 C-
 C-
 C-
 PC, allo PCPC allo PC
 Pl 1 (- 57().
 PE (-'., )2i
 PE (-562PC, allo PC
 540 :iux C-t', 1 rC
 Illu ), C-PC, .1111) P)_'illy). C-PC. a110 P1,
 C- PC, allo PCC-IPC, 'llIn P'C. C-PFI (_504 m1ut
 C-PC, i'lo PC, C-PR (-,;68 im1A
 C-PC. allo) PC. C-PE ( _n564 m.au
 C- PC, allo 1'C. '-PEC- PC. all)o P'C
 ( -564. 544 ni A)
 RV-PC. R- t' F, _ :64, 54t) 4c92 ma)l All- p~-
 PjE ( -.542 l9ui)IPC ( -644. 584 1)ll)C-PC, aIlm PC
 No'Noeniclatuire for abbreviations as used la' O'hEoclha in Physiology and( Biochemistry of Algae. R. A. Lewiin, ed.,Academic Press, New York, 1962. PE phycoerythrin. PC phycocyanini. Prefixes refer to spectrl-
 clharacteristics. \llAIIasription maiximia are those measured oin samples tise(I in this study: all C-phycocyallisamples (C-PC) have absorption maxima at about 620 mAk; all allol)lpycocyallill (allo PC) havc ;in absorptionmaximmHll at 6154 ily, ;amd a shouilder- lecar 620 my.
 Materials and Methods
 xl crI'cmunc'ntal. C-Phycocyvallill; from I'lhon i(blili)liliridli m, Plectoncma calot/i nicoide's, S ICC1/OCOCZ-IS1iZ'i(lts, and CAnaidimi cobdl(oaill7tl w-ere isolated and
 puri;fied as previously reported (4, 29). Phlosplhate bubuffer (pH 7.0), p= 0.1, as used in all purificationsunless otherwise noted. C'vaiiidilluom caldarilltm; cellswere fractuLred in a Htighes p)ress. FIreezinig andthawing,were sufficicent 1 tfracture all other algal
 cells used. CYanioPhvta cells wvere also treated witlhlysozs me when possible. MAlo't allophycocyanins were
 -eparate(l from C-phycocysanin by the ammiionium sul-fate fractionation procedure. Pure allophycocyaninfractions were prepared by repeated Sephadex gelfiltration. In previous characterization of CGphyco-cyanin from several Cyanzophyta (5, 29) wve reportedthat, at pH 7.0, low ionic strength, anl low tempera-
 ture, C-pbs cocyanin purified 1y aniiamuium subi iatefractionation ii>mainly present as ani aggregate sedi-menit ing at - 7S. These conditionls, therefore,seemiiedl appropriate for separatilng allophycocyanifrolmi C-phycocyanin and(I C-plvcocvanIllinl from phy-coer tlhrili.
 In tlle -eparat-on of allophsycozvalanin from (C-phy-cocyanin in algae that do not contain phycoerythrill(e.g., P. c(otllricoidcs, P. lo-idumi, S. lividus, andlC. caldariumi), the allophycocyanin-riclh supernatant ofa 35 % saturated ammonium sulfate fraction, was
 precipitated and talien up in the pH 7.0, ,u = 0.01.buffer and dialyzed. This was applied to a SephadexG-100 columnl operated at 40. The first fractionpassing through the column was a small amount ofC-phvcocyanin with an absorption maximum greaterthan 625 m/u immedliately followed by the essentiallypure allophycocyanin fraction, and finallv by the rest
 1570
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 of the C-phycocyanin. Allophycocyanin could beseparated from C-phvcocyanin by this technique butexposure of C-phycocyanin to pH 7.0 buffer of lowionic strength Nas found to result also in the loss ofthe largest pllycocyanin aggregates (4).
 Purification of -phyicoervthrin from Tolvpothrixtennl2is and Porphyridioni criuen1tutin extracts was ac-complished 1w fractionation with 30 % saturatedammonium sulfate. The precipitate was phlcoery-thrin-rich, while the supernatant was phycocyanin-rich. Both fractions were concentrated and appliedto the G-100 column. The first biliprotein passingthroughi the column was allophycocyanin, then phyco-erythrin, phycocyanin, followed bw another phyco-ervthrin fraction. Repeated treatments in a G-100column appeared to give very pure biliprotein frac-tions as judged from the spectra, i.e., the ratio ofvisible to UV\ absorption. Fromn the observationsduring purification of phycoervthrin it is obvious thatwhile the molecular weight of - 250,000 usuallyassigned to this iprotein is proba1bly correct, phy;coerv-thrin is also an aggregating protein and its behavioron Sepphadex is not alwNvays that of a mon3disperseprotein. In phvcoerythrini from P. criuenitutni it xvaspossible to separate the ph ycoervtlhrin into separate560-miigu and 550-nidu absorbing species. Simiple ammiio-nium sulfate fractionation (29) was used to ipurif\phycocvanin ifrom Porphx'ridimnn acrnlgineumnii andChroomnonas sp. and phl-co0rvthrin fromii Rhtodoinioniaslells. Phvcoerythrin from Phlorinlidininii Pcrsicini77twas -partially purified with 50 % saturated ammiloniiuimisul fate followed by taking up of the supernatant inpH 6.0 phosphate buflfer and making this soluition0.05 % in ethodin. The solution was clarified anddialyzed against pH 6.0, ,u = 0.1, buffer containingactivated charcoal. The phycoervthrin w-as thencycled through ;several 50 % saturated ammoniumsulfate fracti.onation steps. This partially puirlfiedplhvcoerythrin is definitely the lower molecular we.ghtmlaterial referred to by O'hEocha (26). Severalattempts were made to purify the bil iproteins fromCer iaiui rubrui-n by a combination of ammnnoniumsulfate and gel filtration techniques. Resolutionl ofbiliproteins was not achieved. The presence of amucopolysaccharide componlent in the extracts was asource of great experimental difficuiltv. Crude ex-tracts of algal cells were also prepared and used inhmmunochemical experiments. In the case of Calo-thrix newmbranacea, Calothrix parietinia, Lynybva sp.,Aniabaena sp., Nostoc mnuscorun A, and Nostoc inus-cor;izii W, only extracts were used. These algal cellswvere kindly sutpplied frorn cultures grown by Dr.H. W. Siegelman at Brookhaven National Laboratory.The C. rutbrumiii harvest was obtained at Woods HoleMarine Biological Laboratory in the summer of 1965.All other cultures were grown in our laboratory.The original culture of C. caldariuniii was obtainedfrom Dr. M. B. Allen's collection; the S. lividusfrom Dr. D. L. Dyer; and the R. lens and Chrooinonassp., from Dr. L. Provasoli of Haskins Laboratorv ofNew York City. All other cultures were originally
 obtained fromii the Indiana UTniversitv culture collec-tion.
 Pure biliproteins and algal extracts were used asantigens by mixing at least 5 mg of protein in 1 mn!of saline wvith 1 ml of complete Freund's adjuvant.The nmixture (1 mlil) was inj ected into each of 2rabbits wxxhichl had been prebled. Approximately 0.3ml of the mi;xture wvas injected in each of the hindtoepads and 0.4 ml subcutaneously in the back of theneck. The rabbits were challengeed in 4 weeks by a1 -ml injection of the mixture subcuttaneously in theback of the neck. One week later 50 ml of bloodwere collected from each rabbit bh cardiac puncture.These first-course sera xere used for all studiesunless otherxvise noted. The rabbits w-ere challengedin a nmonth and then bled again.
 Ouchterlony plates wvere set up as described byKabat (20). Some Ouchteriony plates were pre-pared -with trypan blue dye for a-id in photographiccontrast as suggested by Camphell et al. (ll).Double diffusion studies vere carried out xvith 1.5 %agar in 0.15 M\ saline; in addition, several studiesemployed 0.1 ionic strength buffers of pH 5.0, 6.0.7.0, or 8.0. Control experiments xere performedWx ithl plirified agarose (Calbiochemii) xwhich is verxlox in sulfate concentration. Agarose will decreasethe tendenc- to form spurious lines due to salt inter-actions. The results wvith agarose did not deviatefrom those x-vith ba-cto-agar. All plates were exam-ined for fluorescence with a long wave length, UVlight. WN'hen strong precipitin lines were present, theorange fluorescenice due to the phycoerythrin waseasily discernible fromii the red fluorescing iphyco-cvanin lines. This fluorescence was more difficultto observe in plates prepared with trypan blue. Theoptimal antigeni concentration was in the 1 nmg/mimregion. Concentration effects vere investigated bvseriall- diluting a specific antigen from an initialconcentration of ov-er 10 mg/mnl down to concentra-tions as loxx as 0.01 mg/ml. This technique was usedto confirm that a suspected precipitin line was not anartifact. As the antigen concentration xvas reduced,the preciipitin line moved closer to the antigen well(fig I). The anitisera xvere used witlhout dilution.The possible effect of complement-fixing factors onprecipitini lines wvas investigated by heat-treatingaliquots of antisera at 560 for one-half hour. Nodifferences were noted betxeen comiplement-inactivatedsera and untreated sera. After addition of antiseraand antigen, the double diffusion plates were incu-bated at room temiperature and examined daily. Theplates were usually photographed within 48 hoursafter addition of the antigen. The presence or ab-sence of a precipitin band was never decided on thebasis of a single experiment. The complete absenceof a precipitin reaction was verified by Ouchterlonvstudies using serial dilutions of antigen from 10mg/mnl to 0.01 mg/ml.
 Jack bean urease was useful as a heterologousantigen to test the specificity of the fluorescence ofprecipitin bands. When a precipitin line was present
 15/11
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 N-ithi tlis antigein, it xxas a line of nuumidcntity and itdid not fluoresce. The reaction with jack bean ureasefound vith somiie antisera was characterized as pos-sibly being due to the ipresence of very small amountsof any algal urease fraction with antigenicitv relatedto jack bean preparations. This material wxill be re-ported in detail in a future publication.
 Spectra of all antigen preparations x\-ere measuredoni a Beckmani DB recordling spectroplhotomiieter andregutlarly clheckedI 1y uise of a C'ar\ Model 14 spectro-I)hotomieter.
 Results
 (Jcicral Observatiols. Tlle foll()\iig are g,eneralc(0inclusions from observation of the relative intensityof precipitin lines in all OuchterlonyIplates. Theprotein eliciting highest precipitin titer xva. C-phvco-cvanin from all sources (fig- 2 and( 3). 'T'lhe leastimmunogenic wvere phycocyanin derived fromli Ch1ro-oinionas sp. anid phlcoerythrini fromli R. Ilens (fig 4).('rude extracts of all biliproteins elicited lowver pre-cipitin titers than did the purified biliproteins (fig 1vs. fig 5a). Very little if any lionfluorescing proteinprecipitin bands xvere present. even in antisera tocrude extracts when tested xN-itlh ertude extracts.Studies performed with purified biliprotein antigensaand antisera to the purified protein could be repeatedwvith the crude extracts as antigen andl purified anti-sera, and with (purified antigen and aintisera to thecrude extracts. No artifacts wsere introduced by thecrtude ipreparations. The presence of phycoerythrinand phycocyanin precipitin linies in crude extractscould easily be distinguished by a long( w-ave lengthUV light.
 It was generally observed that the precipitin linesoni Ouchterlony double diffusioln p'lates were easilyidentifiable in the presence of pH 6.0 phlosphate buf-fer, 0.1 ionic strength, even at antigen concentrationsas low as 0.05 mg/ml, particularly wvith the CGphvco-cyanin system (figs 1, 5, 6, 7). Identical plates, withsaline or phosphate buffer of comparable ionicstrength alnd a pH close to 6.0, were tised to demon-strate that the precipitini reactioni in the presence ofsaline was muclh less sensitive figs 5, 6. 7). Insaline, precipitin lines fadledl otut at antigen conceni-trations as high as 1 mg/ili. This I., of particulariniterest in figure 7. Anti allophvcocvanin serashowed nio iprecipitin bauid in saline agar at purifiedphycocyanin concenitrationis of - 2 mug ml and onlyI band at hiigher concentrations. At pH 6.0 in thesame svstem tlhere wvere 2 distinct lines at conctnitra-tionis lower thalni 0.5 mgm/il. 'T'lhe liiue fotund in thepresence of phosphlate buffer xvereinot artifacts sulicethev migrated toward the antigeni xxells''xith cle-creasing antigen concentration.
 The C-Ph cocyanin Systcmi. I'u-ified (-phyco-cvanins fromiP. calotliricoides, l'. lnrid ini, S. liz.idns,alnd C. caldariuiimt xvere used to stimultate antibodyproduction. In addition, C-phlvcocyaumiii xvas purifiedfronm T. tenniiis anid P. acnygin,enini. It xxas found tllat
 all antisera to C-phyccyxanin, indevpendemnt of tImesource of the homologous phycocyanin. gave str-onlgpreci,pitin lines of partial identity with all ('-p)hyvco-cyan.ns ( figs 2c, 3, 9). The intensity of tlle reactionxvas graded to a limited extent. Precipitin lines withantisera to P. cea,othricoides plhvcocvanin reacticl bestand shvoxxdcl the greatest degree of partial identitywith phycocyan-iin from P. lnriidlnn anId S. Ii. if'idsf('gs 2c, 3,9). The respon-es of these antisera \xxithc)hcx(s-!yai n fromii T. tciiinis, C. caldarlinli, and I.cIt(ngininCIt71 or P. c11lmeittitii were quite similar and it
 xxou(ld )e difficult to diStinguisll tlhem (fig,s 2c. I)Antisera to eaclh of the othcr phv-cocyanins r-ea;ctedin an analogous faslhion. The antigenicitv of theDhxcocVa1ni1ns froim P. calotlhricoides, P. lnr}'idnni, andS. li'idnts xvas alxvavys the greatest. Partial idlentitxlbet\xeen all heterologous phvcocyamins x\vas altx\aysevident \xvth all antisera tised (fig 9). FEach aniti-serumni also contained antibody to the several differentphyxcocyanin aggregates present (5,29) (figsi. 'a.I1). As miany as 5 or more precipitin linii x\erepreseiit all of ixhich fluoresced re(l. 'T'lie severallilies xxvere identified as representing differelnt (alnti-I)odv-antigell systems by the folloxving expecriments.
 Plhycocyanin from a thermophilic alga, S. li.idis,has lx.eln characterized as havinig less highler agg-e-g,ates at room tem,perature, thaln does phycocyaninisolate(d fr-omil algae normally grown at roiom temiipera-ture (5). Antiserum to S. lizvidus, xvhen tested withthe homologous antigen, and C-phycocyaiini fromseveral other algae (figs 3d, e, g, h) gavc a ver-initense line close to the antibody xvell whlich w\as notideentical xvith several bands to heterologotus antigens,but did haxe somiie ipartial identity with a band ipro-duced wxitl hieterologous amitigeins in the presenice ofsodium dodlecyl sulfate (fig 3e). Thiis intense baildmay b)e moved from the antibody xvell by diluting thehomologous antigen and by keepiing lheterologouisantigen concentrations constant. In this faslhioii tlleprecipitin band may be seen to le due to a singlecomliponent and to shoNw nonidentity w\ith all otlherprecipitin Iiies that fluoresce red. It is alsol possil)leto ui.se anitigen treated with sodium dodecvl sulfate\xv th untreated amitigmen to shoxv the dhisaggregatiomand subsequent diluting of sloxver dciffusing precipitinl)namds in adjacent xvells aiid in righit-angle Oucihterlonyp1lates ( fig-s 3e, f, lIe, f). Antibody elicited(1 to (leter-enit-treate(d alitigemi exlhibited ma:inv precil)itili h)ands
 xvith only- fa-t (liffusimig untreate(d antigen (ffig 3a.1), c). 'I'lhe existemlce ot separate antibodyv-amitigensx 41-.tJlN for- the various aggregates piermiits the deter-miniiation. of diffuisioin coefficielits for the severalphycocvyanin aggregates 29) li the right-angle tecih-i.que of Allison (and Huiiphre (1) ( fig 11). ½p-parently the greatest degree of partial identitv 1) txx\eemiheterologous phyvcocyanin amitigenis exists xvithi tilelo\ver ayggrecgates ( fig 3a, b, c). Pur-ified phycocvamillfr-omil tie c'ryp)toioniadl Cliroo;n7onias sp. dicl ihot gixeprecistimitn Iiiues \x ith aivN of the heterolo-otus pmhyco-cvanin antisera amid the aint.sera to purified phx co-cxanimn of Clir-oon1ion1as sp. and crudle extracts dd minot
 1 572
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 FIG. 1. Typical concentration study of precipitin lines;antigen is in outer "wells." Serial dilutions of purifiedC-phycocyanin from P. calothricoides, from 12 mg/ml(1) to 0.01 mg/ml (128). 991, antiserum to crudeextract of P. calothricoides. Note migration of pre-cipitin lines toward antigen wells with decreasing anti-gen concentration. Plate is 1.5 % bacto agar, pH 6.0,,u = 0.1, phosphate.
 Tnsert
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1574 PLANT PHYSIOLOGY
 FI(;. 2. (a) and (b) PE, atntiserumiii, ceniter well, directed to purified phycoerythrin fromi P. cr'uiwitlhll. Antigens:PCR, crulde extract of 1'. c'ricntllot; RL, crude extract of R. leiis, PC, cru(le extract of J'. t-ilotliricoides: PY1and PY2, phvtochrome preparations from oat seedlings; CS, crude extract of Chrooinoias Sp'.; PA, crude extractof P. aeruigi.neuim. (c) D2, antiserunm to purified C-phycocx anin fronm P. calothr-icoides. Aintigenis PC, purifiedC-plhycocyanin from P. calothricoides; PCR, crude extract of P. crucatumn.; RL, crude extract of R. /C11s; PA, puri-fied phycocyanin from P. aer-uginiceuni. All plates are 1.5% bacto agar, 0.85% saline. (d) 810, antiserum to puri-fied C-phycocyanin from C. caldaritmi. Antigens: CR, extract from C. rubruni; PER, extract from P. crucnlturn;TT, purified C-phycocyanin from T. teniuis; CC, purified C-phycocyanin from C. caildaruiuir. Plate is 1.5 % agarose,pH 6.0, ,u - 0.1, phosphate.
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BE,ERNS-IMMUNOCH-EMISTRY OF BILIPROTEINS
 FIG. 3. (a, b, c) PS, arobic anti-serum to purified phycocyanini fromP. luridum injected in the presenceof 0.1% sodium dodecyl sulfate. An-tigens: PC, purified C-phycocyaninfrom P. calothricoides; NIA, ex-
 tract from N. niuiiscorumit A; NMW,extract from N. iiuscoruii W;PER, extract from P. persiciniumii;PA, extract from P. aieruginlcumli;PCR, extract from P. criuenttumn;CR, extract from C. rubrunii; TT,purified C-phycocyanin from 7'.teii is; SL, purified C-phvcocyaniiiS. lividus; PH, purified C-phycocy-anin from P. luridum?. Plates (a)and (b) are 1.5 % agarose, pH 6.0,,*F - 0.1 phosphate; plate (c) is1.5 % bacto agar, 0.85 % saline.
 FIG. 3. (d, e, f, g, h) Antisera:SI, antiserum to purified C-phyco-cyanin from S. lividus; PH1, anti-serum to purified C-phycocyaninfrom P. luridumiz. Antigens: SL,purified C-phycocyanin from S. livi-duis; PH, purified C-phycocyaninfrom P. luridum; TT, purified C-phycocyaniin from T. tenuis; AS,allophycocyanin-rich fraction fromS. liVidus; RL, extract from R. lens;
 CS, purified phycocyanin fromChroonionas sp.; PC, purified C-phycocyanin from P. calothricoides;1SL, 1 PH, 1PC, corresponding C-phycocyanin with 0.1 % sodium do-decyl sulfate added. All plates are
 1.5 % bacto agar, 0.85 % saline.
 Insert
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1576 PLANT PHYS1OLOGY
 FIG. 4. Antisera: R2, antiserum to purified phycoerythrin from R. lens: Cl and C2, antisera to purified phyco-cyanin from Chroonionias sp. Anltigens: RL, crude extract from R. lenls; CS, crutde extract fromi Chroomiionias sp.;PA, crude extract from P. aeruigitieitin; PC, crude extract from P. calothricoides; SL. crude extract from S. lividus;TT, crude cxtract from T. tenniis; PCR, crude extract from P. cruenttmn. All plates are 1.5 % b)acto agar, 0.85 %saline.
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BERNS-IMMUNOCHEMIISTRY OF BILIPROTEINS 1577
 FIG. 5. 6, and 7. Antigen used in all plates is purified C-phycocyanin from P. calothricoides in serial dilutionsfrom -12 nig/ml (well 1) to O0.01 mg/ml (well 128). In ia, 6a, 7a, studies are performed in 1.5 % bacto agar,pH 6, , = 0.1 phosphate; 5b, 6b 7b, studies performed in 0.85 % saline, 1.5 % bacto agar. Antisera: 818, antiserumto purified C-phycocyanin from P. calothricoides; 813, antiserum to C-phycocyanin from P. calothricoides, purifiedat pH 6.0; Pll, antiserum to purified allophycocyanin from P. calothricoides.
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1578 PLANT PHYSIOLOGY
 FIG. 8. P8. antiserum to purified alloplhycocyaniinfromii P. c(olothricoides. Antigens: SL, purified C-phy-cocyanin from S. lividus; ASL, purified allophycocyaninfrom S. lividus; APC, purified allophycocyanin fromiiI'. calothricoides; U6, crude jack beani urease prepara-tioIi; PCR, crude extract from P. cruen twun; PA, crudeextract from P. aerugineurn; PH, crude extract fromP. hlriduni; PC, crude extract fromIP. calothr-icoidcs.Plate is 1.5 % bacto agar, 0.85 % saline.
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BERNS-IMMUNOCHEMISTRY OF BILIPROTEINS 1579
 FIG. 9. D2, antiserum to purified C-phycocyanin from P. calothricoides. Antigens: PL or PH, purified C-phycocyanin from P. lIuriduni; PCR, crude extract from P. cruenitumii; PA, purified C-phycocyanin from P. aeru-gizneumi; ST, purified C-phycocvanin from S. lividus; RL, purified phvcoerythrin from R. lents; U6, jack beanurease extract; CS, purified phycocyanin from Chrooinonas sp.; PC, purified C-phycocyanin from P. calothricoides.Plates are 1.5 % bacto agar, 0.85 % saline.
 FIG. 10. Antisera: 463, antiserum to crude extract of C. rubrumiii; 202, antiserum to partially purified phy-coervthrin from P. persicinum. Antigens: CR, extract from C. rubrum.; RL, purified phycoerythrin from R. lens;NMW, extract from N. mluscorum W; CM, extract from C. nmenmbranacea; CP, extract from C. parietina; PER,extract from P. persicinumn; NMA, extract from N. muscorum A; PCR, purified phycoerythrin from P. cruentunt;TT, purified phycoerythrin from T. tenuis. Plates are 1.5 % agarose, pH 6.0, a = 0.1, phosphate.
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1580 PLANT PHYSIOLOGY
 11. Right-angle O(ichterlonyl plates. .\ntisera: )-Ab, 1)-2 Ab, antiserumiii tol) plrifie(d C-phlcocyaniti froml;'. ((1/othv icids. S3 Ah, S4 .-\), antisera to purified C-phycocyanin from I'. calotl/-irwoidcs; HA P. Cal., purifiedC-phycocyanin fromi P. c(l/otllricoides l)llrified oln hydroxylapatite; PH, Lur, p)urified C-phycocvaninl from P. luri-duni PH, Lulr (0.1 D)S), same as PH. Lur plis 0.1 %sodium dodecvl sulfate. All plates are 1.5 % l)acto agar,(at) (h), (e ?. (f), 0.85 % salinie: (c), pH 7.0. A = 0.1 phosphate; (d) pH 5.0, u 0.1 acetate.
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BERNS-IMMUNOCHEMIISTRY OF BILIPROTEI-NS
 give precipitin lines witlh an! -tero'ogous phycocyaninant.gens (see figs 2, 4). Antisera to C-phycocyaninfrom all sources did not give a precipitin line withplhvcoervthrin from any soturce.
 While allophvcocyanin appeared to elic;t differentanti,lody than did C-(phvcocvanin, it was in manycases possible to get precipitin lines with alilophvco-cyanin, particularly at highl concentrations of ant'gen,wi-th alnt sera to some of the C-phycocyanin. Highlypurified samples of C-phycocvanin often did not givea precip,itin reaction witlh antisera to allcphvcocyaninexcept at high C-phycocyan:n concentrat'ons (fig 7b).It is extremely difficult to be certain all traces ofallophycocyanin are separated from C-Gphvcocyanin.Concentrated extracts of C. rutbrutn)i were testedagainst antisera to purified C-phycocyanin from P.calothricoides, S. lizvidits, and C. caldarininii. In allcases a faint line was present indicating the antigenicrelationships of R-phycocvanin to C-phycocyanin.The reaction between antiserum to C. caldariun,PC-phycocvanin and C. rutbritum extract w-as by far thestrongest (fig 2d).
 Crudle extracts of C. ,necniibr-aniacca, C. parictina,.4An(ibacbite sp., Lyngbya sp., P. pcrsicinoni, N. nuts-coruon A, and N. iniuscorit VV were exanmined spec-trally for the presence of C-phycocyanin. All con-tained the characteristic 620 mM peak and, w-hen eachextract was tested by immunodiffusion against anti-sera to each of the pure C-phycocyanin, all gaveprecip.tin lines of partial identity with the homologousC-phycocyanin antigens. The extracts from P. per-sicinuimt di.d not contain more than a slight shoulderin the 620 !mp region and by this cr:terioii the presenceor absence of phycocyanin would be difficult to re-solve. The immnulnoclheniical teAt in this case was
 more definitive. The comiplete results for the phyco-cvanin systemii are listed in tables II andcl III.
 Allophwcoca nimn. Purified allophycocyanins fromlP. calothlricoi(des, P. luriduinii, S. lizvidus. and T. tennlfiswere used for rabl)it anttibody production. Each ofthese antisera w-as tested against the heterologousallophycocyanins and demonstrated ani intense reactionin all cases with "almost" complete antigenic identity.(See fig 8 for example.) The presence of allophy-cocvanin in cru(le extracts of all otlher algae wastested by the sev-eral antisera to allophvcocyanin. Allalgal extracts, with the exception of R. lens andChroomzonas sp., ga-e precipitin lines> which. fluorescedred under the long- wave length UV lght. Thedegree of partial identity found in all these studieswas very striking.
 PhivcoerXthrin. Purified phycoerythrin from P.cruentumt (B-phycoerythrin), T. teniiuis (C-phycoery-thrin). anid from R. lens (Crvptomonad phycoery-thrin) and partially purified C-phycoerytlhrin fromP. persiciniiniii were used to elicit rabbit antibody. Inaddition, crudle extracts of C. rubrtni, which werevery high in the concentration of R-phycoerythrin,vere used in producing antisera. The results ofOuchterlony- double diffusion tests are indicated intable IV. The most immunogeniic phycoerythrin wasthat from P. cruenutul (figs 2a, b). The least im-munogenic was that from R. lens (fig 4). In testswith antisera to T. tenniiis, P. cruentitin, and C. rubruiniiantiphycoerythrin, the homologous antiserum-antigenreaction gave multiple linles that fluoresced orange.As many as 4 lines were evident (figs 2a,b), con-sistent with the behavior noted on the gel filtrationipurification of P. crutentutmn and T. tenuis phycoer\-thrin. Antiserumi to P. crueituitii phv-coervthrin gave
 Table II. Resuilts of Ouchterlony Intvestigations of Several Pursified C-Phycocyaninis
 Anitigens
 Antisera topure phycocyaniniP. calothricoides*P. hlriduun*S. lividus*C. caldariunztChroo;nionas sp.***Antisera tocruide extracts7'. ten uiis*,P. crutentu,n**,C. nibru,n**, $P. calothricoides*P. luridun*S. liv.idus*C'. caldar-iunt
 P.caloth ricoides*
 P. S. C.luridunz* lividus* caldariniii
 +++t + +-t++i+ +±±+++++ +±++++ +1-'o 0
 ++
 + +4-F-
 + +
 +
 +±+
 +++ +++++ + t'+++ ++ -r
 ++ -- -
 o 0
 +++4-++ ?++++++
 1I
 A--
 T. P. Chroomnonasten uis* aerzagiulilcui ** sp.***
 -- ± + -
 +II
 -T
 0
 +-
 4-4-+ +-F1
 ++++0
 +I+
 0++
 0000++
 0
 00000
 0
 = no reaction; ? = questionable response; + = weak line; +-+, +++ = increasing intenCyanophyta.Rhodophyta.Cryptophyta.Unclassificd (Current study inldicates it is possibly Rhodophyta).Note that antisera to these crude extracts contain antibodies to phycoerythrin and phycocVanill.
 isity,of response.0
 **
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Table Ill. Results of Ouchter-lon0y Investigations of Crude Algal Extracts
 C. N. N. Aniabae;ia P. P.paric- C. mnewn- u"iuiscorumtmi inuscorutm11 Lynlgbya Sp.* pcrsici- eruen- C.
 Aintigens tina* branacea* A* W* Sp.* nuMZI* tMumn** rubrumi**
 Antisera topure phycocyaninP. ealothricoides* ++ + + ++ ++ + + +++ + +-P. luridumn* ++ ++ ++ ++ +++ ±± + +S. lividus* ++ ±+ ++ ++ + + ++ + + +C. caldariuint + + + + + + + + ±4Chroontonas sp.*** 0 0 0 0 0 0 0 0 0Antisera tocrude extracts7'. tenuis*, t + + 4- ++ + + + + +P. cruecntum**, + ± 4- ± + 0 +++ ++C. rubrun**, I 0 0 + +± +P. calothricoidcs* + + ± + + + + + +P. luridumt*- + + + + + + + + 4-S. lividus* + + + + + + + 4 +C. ecald(ariu,nf + + + +±- + + + +0 = no reactioi: ? questionable responise: +± weak linle 4++. + -4 (lecreasilig ilnten.sity of responise.
 * Cyanophyta.** Rhodophyta.* Cryptophyta.
 t Unclassified (Currenit study inidicates it is possibly Rhodophyta).Note that antisera to these crude extracts contain antibodies to phycoerythrin anid phycocyanin anid that pre-cipitin lines formed with extracts from C. membrianacea, C. parietinia, N. umiuscoruini A, N. mtuscorumn W, P.cruenturn, C. rubrumit, and P. persicinutm are lines indicating the presence of phycoerythrins and partial identitywith them. This is identified usually by the orange fluorescence of the lines and partial idenitity with purifiedheterologous phycoerythrin anitigens. Red fluorcscilng phycocyanin lines are most often also present, but thoseresults are not presented in this table.
 Table I'V. Results of Oichtcrlonuy Investigations of Svceral Phycoeryth, ibs
 Pul-ified phvcoerythrins Crude extractsP. N. N. C. C.
 P. T. R. C. per'sici- 11115scoruni intmsroru:il ineatbran- panic-Anltigenis C1rueCntwznu,z* tenlnlis* lens*** ruibrunt** nun* .v A* acea* linla*
 Antiserato pure phycoerythrinP. cruentumn** +-+++ + 0 ++ 0 ? ? ? ?P. Persicinuiw.l: ++ ++++ ++ +++ ++ +±+4+ +++ +4+T. tcnuis* +±+ + + + 0 + ± ±4- +±4 ++ ±±R. lens*** + 0 + 0 0 0 0 0 0Aintiserato crudeextractsC. rubrumt**t +±- + +4+-+ ? + + +P. cruentuni** ++4+ + 0 +4+ 0 + + + 07. tenuis*t + ±4- 0 ± ± +4 ±° + ±R. lens*** + 0 ± 0 0 0 0 0 0
 O = no reaction: ? = questionable response; + = weak linie; ++, ++- + ++ - inicreasing response.* Cyanophyta.
 ** Rhodophyta.t Cryptophyta.
 t Note that antisera to these crude extracts contain antibodies to phycoerythrin and phycocyanin and that pre-cipitain lines formed with extracts from C. inembranacea, C. parietina, N. inuscoruin A, N. muscorum W, P.cruestum, C. rubruin, and P. pcrsicinunt are lines indicating the presence of phycoerythrins and partial identitywith them. This is identified usually by the orange fluorescence of the lines and partial identity with purifiedheterologous phycoerythrin antigens. Red fluorescing phvcocyanin lines are most often also present, butthose results are not presented in this table.
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BERNS I'MMIUNOCHEMISTRY OF BILIPROTEIN-S
 good multiple lines of partial identity with extractsof C. rutbrum. Antisera to crude C. rutbruin alsoreacted in a similar Nay xvith P. crulenltuini phycoery-thrin (fig 10a). The antisera to C. rutbruitm extractsslhowed little tenidency to react with phycocyanin, un-doubtedly because of the low concentrationi of phvco-cyanin in the injected extracts which stimulatedproduction of very little antibody to phvycocyanin.The reaction of aintisera to T. teniinis phycoerythrinwith P. cruicntmn?j) was easily discernible but not asintense. Cerantium rubruin also reacted with anti-T.tennziis phycoervthrin and the reverse reaction of anti-crude C. rubr'uin serumii with T. tenniiis phycoervthrinwvas also found. Phorinidiniz pcrsiciniuiim antiserag,ave precip.tin reactions of essential identit:- witlh pureplhycoerythrin fromii T. tcnniiis and lilnes of partialidentity wvith P. crnentituin and C. ruibruini (fig lOb).Onlv phycoerythrin fromi R. leIns gave no definitereaction. It is of interest that there isini) recipitinreaction of plv,coerythrin from P. persicinmm withainy othler pphtcoery-thlrini anitisera except that to T.tentis and its lhomologous antiserum. Partially puri-fied phycoerythrin from P. persicinmni was tused tostimulate antibodvy wx-liclh cross-reacted wvith all phy-coer-thrin testecl and even indicated a possible reactionwith phycoerythrin fromii R. lenis. This was, however,at best a marg nal reaction. Antisera to R. lcns didgive a faint reactioni w-ith pure B-phycoerx-tlrini fromP. cruentumn (fig 4c). Antisera to R. leIs (lid notreact with C. rubrunm extracts but grave a faint lineof partial identity with phycocyanin from Cli-oo-iionassp. Antisera to phvcocvanin from Clhrooi;non1as sp.g-ave a very faint precipitin rcaction with pllvyoery-tlhrin from R. lenis. P'urified alndl crtude phycoery-thrin from R. lens did nlot give a dlefinite reactionw-ith any other antisera. Crude extracts fromi severalCW7anophvta, wlliclh sp-ectral evidclnce indicatei havephvcoerythrin, were tested ag-ainst ant:sera for theseveral pure phvcoervt1irin and the crulde C. rntbrnin.All the Cyanophyta phycoerythrins gave lines of par-tial identity witlh the T. tcnniiis phycoerythrin antiserumiiand the P. persicinn4n phy-coervthriii ant.sertumi. ANos-toc rnnscorumn XV anid N. n111mnscorin A and( C. mIeC17-branacea gave indications of reactionls of partialidlentity wxith C. riubrnmnn anitisera and A'. i)niuscorn'1l7n Wreacted w'ith antisermiii to pllvcoervtlhrini frrm^li P.cruiteltu111.
 Discussion
 From these imninitiochelrnical studies, it is seen thatC-phvcocyanin fromi all al-gal sources is antigenicallyand immunogenically closely related. These data areconsistent with the prelim nary indicationis in the'work of Bogorad anid Walbridge (6, 34) using- anti-serum to C-phycocyanin from C. cal(arinlin. Whilethe general comments on the cross-reactivity of theseveral phycocyaninis (Porphyra laciniata, .4Anacwstisntidulans, Anabaenla zaariabilis, N. nmnscornim, andSynechococcus elongatuts) with this antiserum areqtuite consistent Nvith our general observations, the
 suggestions concerning the imniitiiiological classes miustbe reconsi(lered. The fact that C-phycocyanin is anagregatillg systemn (3, 4, 5, 16, 18, 29) is well char-acterized. Furthermiiore, it is certain frolmi right-angleimmunodiffusion studies similar to those of Allisonand Humphrey (1) that separate antibody-antigensystems. exist for the different aggregates (fig 11).Studies x-ith C-phycocvanin from the tlhermophilicalga S. lizidts (11) have indicated that the relativestate of aggregation of tllis protein from differentalgal s;,ources at roomn temiperatUre and a particularpH w-ill vary xvidelv ( fig 11 ). For this reasonl,imniuinochemical studies as a function cf pH withoutdetaile(d knw-ledgC of the state of aggregati:on foreaclh phycocvan-in are miisleading. A coiiparison ofstu.dies wvith antisera to S. lividis phlcocvanin andP. c(nlothlricoides phvcocyanin. as indicated in figures3d,e,g,l an(d 2c,9a,b, indicates the re'ative d:fferencesin antibody response due to the l)reponderance of a
 particuilar aggregate. A good incldcation of the actualsimilarity of antigenic sites is gathered fromin rabbitantibody produced to C-phycocVan11in (fromii P. luri-(111o1) injected in the presence of 1 % sodiulim dodecylsulfate (figs 3a, b, c). Under these conditions (29)phvcocvaniin has been characterized as being mainlvin the monoiomeric state. Consequentlv, a higll conl-centration of antibody directed toxvard the miononleris prol)ably produced. This antiserumn cross-reactswitlh all the purified phy-cocyanins alnd extracts con-taining C-phycocyanin anid evel witlh extracts ofC. rnzbrnllii that containi R-phvcocvanin. Precipitinbands of almost complete identity appear in imanycases. Antisera to purified phycocyanmns wvhen cross-reacting wxith any of the several heterologous phy-co-cyanins at pH 5.0 to pH 8.0 'will always give nmuti'plelines as seen at pH 6.0 in figures 5a anid 6a. Forthis reason it appears obvious that all plh-cocyaninsare antigenicallv related in the highly- aggregated andthe monomleric states. Stu(lies in figtures 3c and 3dare firmly in support of this.
 Altlhough a great nmany experimiienits xwere carriedout as a function of pHI, it is not dleemied pertinentto discuss these results in the absence of detailedaggregation studies for all the bili,proteins used. Theproperties of C-phycocyanins miay di,ffer with respectto their relative dlitrihution of aggregates in vitrobut antigenicallv anid imniiiii ogenicallv all are quiteclosely related with certaln sutll)t'e differences. rhese(lifferences do not corre'ate wvith intrafanily. classrelationships amilong Cavlaiophlta. Antisera to C-phy-cocvanin from P. calotliricoidcs, P. liridinm, and S.liv.idnts all gave very strong reactions and a great dealof part:al identity Nvith any of tllese 3 lieterologousanti-ens. C-phvcocvaninis fromii .everal other algae(listed in table I), Mxhen tested ith these 3 antisera,g,ave lines of partial identity with the homologousantigen xllich xvere difficult to differentiate as todegree of partial identity. On the basis of tlle inten-sity of precipitin reaction wxith proper caution con-cerning the pH and ioniic strength of the study, oinecould list those C-phycocyanins Imlost closely related
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 to 1P. calot/ricoides in order of (hecreasi ng sinilalritvas P. hiriditiii, S. liziduts, L 1voyb'va sp., Jiiabacn sp.,T. tcniiiis, N. nmnscorinA,i -\'. inscoritni W, C. cal-(la1'iun, P. aerugin1celi n, 1P. croentcuiti, C. parictina, C.
 nicaelibr anlacca, and C. utbroi.sixThis is at best an
 arbitraary listing with the greatest single differencebeing the wcak reaction of C. ritbrujil extracts. Ofall antisera to C-phvcocvanin, antisera to C. caldarininphycocyanin gave the strongest precipitin reactionwith C. rzubrutmn7 (ifig 2d) . It is a stronlg reaction ofpartial identity and suppor ts the suggestion that C.caldarium shouldl bDe classified as a R/hodoph/ita.
 Ai tisera to allophvcocvani n from P. ca/lot/liico idcs,
 P. huridulm, S. lividn.s, and 7'. tcnniis all cross-reactedhwxithlheterologous alloplhvcocv anins (fig 8). and gave
 similar reactions with crude extracts from all sources
 wvith the exception of C11ir-oon0on7as sp. alnd Rhodomnonzassp. It is of particular interest that all antigeniic and
 itmiunogenic responses xwith allophycocyanins vere
 apparently so similar.C-phycocvanin and allophycocyanin (lo giv e some
 indication of being ant:genicalyl related. It is pos-
 silble to have a precipit:n i-eactionl of alloplwc-ocvaninwvith some anitisera (directe(d to C-phycocyanin. This
 may he attributed to traces of allophycocyani.ni in some
 (i-ph coc anin preparationis ali(t the fact tha-it allo-plwcocyanin is verx imniunoge lic. 'I'llis appears toleave the question of cross-r-eaction less thaln resolved.'Thlis point requires a miiore car-eftil study siince theantigen icity and irmuniurogeenicity of C-phvcocyanin is
 inter-related with the state of aggregation of thisproteini. The abilitv of alloplbvcocyanin to agg-egatehas-. been doctimented in sonie prelimiinary sttu(lies inthis laboratory; howvex er, the characterization of theaggregatioli phlenomenon is ilSU f ficienit to statewvlhether allophycocyanin and( C -phvcocyanin ar-e aniti-genically related iunider anv circumnstanices. I t has
 been (lemoilstrated that in C-phycocyanin diifferelitantigenic determinants! ar-e founiid in the xarious states
 of aggregation. Usually ini saline- only a single pre-
 cipitin line is found wvitli the antiallophvcocyanin-alloplhv,cocxvanin system xvhichi ould indicate les. of
 a tendclencx for it to aggregate or possibly to dis-aggregate. At pH 6.0 at least 2 lines are pIresent.Concentration effects are also puzzling. It remiiainsto be proveen that allophy-cocvanin is not a (hfferelltcon,formational form of C-phycoc)yanin. Prelimiinarystutd!:es of the C-phlvcocvanin anltibody-anti-en systemhave been initiatedl by R. Stevens of this laboratorvuising the micro-comip'emni-nt fixationi teclhniique of
 W\Tasserman and Levine (35). The results to datear-e consistenit witlh those r-eported in this study' andloffer the possibility of a Imlor-e analytical ap,proaclh teresolvin-g the allophlycocyanln questioln and miore de-tailed analysis of specie'- differences.
 '[lie restults witlh the phvcoervthrin are quiteclear-cut. None of the phycoerythrins react as anti-gens with either anti-allophycocvanin or anti-C-phyco-cvanin and there is 11o reactioni of either ('-phs\co-cy-anins or alloplhycocvanns xitlh antisera to thephycoerythrin.s. T'lhe relationship betwx ee1 phycoery-
 thrins fromii dif f-elnt algae of (litftf-er t dilvisiions or
 classes is a. foo(l (la] miiore strikling thlan th} s tualti )llwith alloplhcoc anin or C-phycocyanin. Phycoer--thrins froml C'v(aophvtla are antigenically relatedl t
 phycoerythrins fromii Rh odophvta. Th'lere has not heenanly tilneqtlivocail (lefinite reactioni indicatinig that phy-coervthrins from Crvptophytva are alntigenicaliv re-late(l to Cvaaompvta phycoerythrin. O)nlce again th>,:result imn-st he viewxed with catitiolm sinice the phvcocry-thrin,- from (C v(ao1ophvta anldl Rliado phylta have beellicharacterized 1b tlese imlntm-hciLmlcal stud;es andotlher- work ilnl OUr lcaboratorv anid other laboratories(27 l' A. \Wall. personal commnnicat:On ) as aggre-gat:ng. The im;unllogenic response \ ith the Crvp-topl via phy coery thrin is inot strongi enongh,rl to detectantibodv to sevcral ag-gregates alndI thu present knoliNvl-edge of the ag--reg-ation plie omilenionl ill this proteinis Inot snfficielit to rtie ouit the vossibilitv of lack )fmnttial reactioin between Cyaoophivta and( Cryptop iWaas a re su't of differences in states ot aggregation.In a previons -tdL(lv on1 the imintinochlem'.stry o,f phy-coerv thrini. Vanghan (33 ) rel)o; ted that anltsera to
 phvcoervthrilns frolmi C. rutbria anld Porp/ivrani)ii.,1ii(Itagave line- of identitV or partial identitv witl p1-coerv-thrlin.s den ved fromii 1 7 differenL red alglae andldid nlot react with phvcoerythrin- fr(clii a(arptomnomiidor wx itl pbvycocvanin or phycoerythrin fromll theCvanoplivta P. per sicithiiim. The pre-elt studv coni-firImls tlle very sinimilar antigenicity and,I immunogellic.tyof phycoery thlins fromii RhodoPhala and( the lack ofther reactioni with lpllycocyanii. The appearance ofsingIe precipitin lines in Vaughanlls study was pr h-ablyb (Itie to irreversible chiang-es in the albilitv of thephvcoerythrin to aggregate inidtice(I 1w the method ofPurification 29 ). Multikple oralngve fluorescing linesare fotind with all Rlhodop/ivtla anid Civaiiophyta ph-vcoerthri1is ( figs 2a, b) . Fxtracts of )llycoervtl)rinfrom P. pcrsi'jimii have beei fonndtl in the present\vork to be aptparentlv antigenicallyixiurelated to
 Rliodophi vta phvcocrvftrins; however, this obser-a-tion is also p)eculiar in that onl1x very \weak precivitinlines are found \vhen thev are testedi \V-.th antisera to
 phycoerythrins from 7'. tcii iiis. 0thl ir Cyanoplivtap/iveoervt/hrios ere demonistrate(d to be antigenicallyrelated to Rliodop/hvta ph/iycocr\'t/riiis. Whleniparti-alIv piturified P. persicinuni phx coelx thrin was ns<edto stimulate antibo(dV prodtuct'oni, it xwas found( thatthe Cva(mophyta p/ivcocryt/riis gave good precip tireact:o11n ald R/iodop/iyta pIvoc)rvthrins also gasv e
 substaintial p)reci)itin reat:on'-1 of ptartial identitY (figl0b ) Therefore, the selectioni of tlis phycoerytlhrinbv Vatighan wa.as tiimtortulnate in that it is apparentltvsonmewxhat atypical of those friomii Cvaniophyta. Welhaxve a'so founlld somiie ant:gellnc relation'.-l:p of Cryp-tomiiiad((1 phvcoervthrin and R/ilodop/hvta phycoeryvI'r1in.Certaullhv the spectral notation of R-phlvcoerythrin aind('-plycoervtlirin has solie validity even in the illmilunllo-chemnical sen; however, antigenicahlv at preselntthere appears to be little -if anyv di fference betm-eellB-phvcoery thrin anid R-pwh coer-vthrin-. Fuirther im-1mun11ollcllnal tnd(lies onl the separate 11lvhxoervthr:.nis
 I5,Q4
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BERNS-IMM\IIUNOCHEM\ISTRY' OF BILIPROTEINS
 (540-mbt absorbing and 56t0-m.u absorbing) separatedfrom pure P. crteutiniii phvcoerythrin may serve toelucidate the difference between phycoerythrins.
 Two distinct classes of biliproteins, C-phvcocvaaninand all phycoerythrins, are apparently antigenicallyunrelated and allophvcocyanin is antigenicallv unre-lated to phycoervthrin. C-Phycocyanin from all algalsources gave definite evidence of being antigenicallyinter-related. Phycoerythrins also were demonstratedto be anti,genically related even from verv diversealgal sources. Allophycocyanin was the biliproteinw-ith by far the greatest antigenic similarities inde-pendent of algal source. These biliproteins arefound in a1gae of vastly differing cell types, those ofa primitive nature (the procarvotic) and those withhighly developed organelles (the eucaryot.c). Thedifference between the procaryotc cell tylpe of theCyanophyta and the eucarxotic cell type of the Rhlodo-phyta is the largest discontinuity that exists in bio-logical organelle developnment. It is strikinl- thatbiliproteins when found in each cell type al-e soclosely re'ated. No other analogous situLation iknown to occur with protein antigens. In fact, pro-tein antigens from genetically very closel- relatedanimals have been reported as having very (lifferentantigenic reactions (9). It might be logically ques-tioned at this point if in the present situation we aredealing with a simple protein antigen and not w itha haptenic determinant of the chroniophore. Cer-tainly it cannot be discounted at this time that thechromophore is a part of the antigen-antibody re-action. It is, however, very improbable that allantibody-antigen reactions in the several d.fferentsystems that compose for instance the C-plhycocyaninsystem are related to the chromophore alone, particu-larly since there are 'several ant:body-antigen systemsin C-phycocyanin and all are apparentlv independentof each other, and Siegelniian and co-workerslhavereported a single chromophore for all C-phycocvan:nsand allophycocyanins (12-15).
 The interesting discussion by Stanier and van Nielon the defin'tion of the bacterial cell cites convincingevidence that the CYanophlvta are to be classifiedwith *bacter:a and are likely one of the most prim:twveorganisms (31). There has been speculation thatchlorop'ast development in Rhodophyta and hicheralgae and ip'ants arises as a result of incorporation ofCyanophlyta into eucaryotic type cells. This suggres-t.on has remained extremely speculative except torthe evidence that chloroplasts possess their oXwnl com-plement of DNA and are probably capable of repro-duction independent of the nuclear DNA. Thisimmunochemical study indicates that several proteinsfrom the procaryotic and eucaryotic algal cells arealmost certainly geneticail related. Antigenic par-tial identity is not as conclusive in one respect asprimary sequence analysis of proteins, but in l)roteinantigens it must be -vsiewed as a very sensitive indica-tion of genetic conditions and perhaps a more sensitivemethod of detection of similarities in secondary,tertiary. and quarternary structure than any other
 method. Consequently, the present results should beinter(preted as being in support of the evolution ofRhodophyta from Cyanophiyta or somne colmm-onance-tral cell. The possibility of incorporation ofCyanophyta into eucarvotic type cells or their pre-cursors cannot be dismissed. The present evidenceindicates that Rhodoplytata are phylogenetically quiteclosely related to Cyanophyta while Cryptomitontadsshow little similarities to Cyanophyta, but appear tobe related to some Rhodophyta. Immunochemicalstudies w-itlh other algal proteins are necessary tocolnfirmii these postulates. The recent reports by)Chapmiialn et al. (12) on the phylogenetic implicationof phycocyanolbilin, the chromophore of all C-phyco-cyani ns, is in agreement witlh the suggested phylo-genetic relationship of Cyanophyta and Rhodophyata
 The phvlogenetic conclusions would seem to bethat allophycocyanin and C-phycocyanin are geneti-cally cxpressed earliest in all algae and cont;nue toplay a role in highler algae. TFhe role of phycocyaninay w-ell include that of a structural protein in the
 stroimia of the Cyaizophyta, in addition to its obviouiseniergy transfer properties (20: J. J. L,ee and D. S.Berns, in preparation). It is also possible that C-phy-coy-anin, togetlher with phycoerythrin, plays this role,-when both are present in anl alga.
 The miicromorphology of biliprotein structures inP. crucftfumt reported by Gantt and Conti (17) is ofinterest in this regard. The strtuctural role of plhy-cocyalni and plhvcoerytlhrini quite likely ceases to beneeded in advanced photosynthetic cell types wherestructural and orientationi properties are probablvcarefully controlled by mlembralne deve!opment. Allo-phycocvyanin and/or C-phycocyanin may be the rudi-ments of the highly developed phytochrome systemfound in higlher plants ( 10) and also reported inalgae (19). The amino acid analysis of phytochromefrom 2 different sources (oat seedlings and beanseedlings) (22; D. Correll anld NV. Shropshire, per-sonal communications) demonstrates an interestingsimilai ity to the amino acid content of C-phycocyanin.In preliminary experiments, partially purified phvto-chrome from oat seedlings (kinclly supplied by H. W.Siegelman) ('30) does give some antigenic reactioniwitlh antisera to several phycocyanins, but not tophycoery-thrins. It has, however. not been character-ized as a line of partial idelntity. The reverse reac-tionl with antisera to this phytochrome is also de-tected uindler some conditions. In addition to theobvions biliprotein nature of phytochrome, it l1as re-cently ibeeln reported that phytochrome is an aggre-gat.ng proteini (D. Correll anld XV. Shropshire, per-sonal coimmiunication). The relationship between tllephycocyanins alnd phytoclhroniie is still far from clear.
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