


gGq9l.p and TLC3. Altin is uasatisfactory for separation of tke BGorophorts as 
some compon~&s itre iabi!e under conditions of the ckronatographq~. 

At @esen~ tke bat tiaterid.s for ckronatograsapky-of efasti fluoro13kores are 
Bio-Get P-2 ud SESepkzd. C-W. Ck.romatogm.ms obtained using B:o-Gel P-2 
am! SE-Sepkadex C-25 skew rntritiple fruorophotes la k~dro@eci etastki_.Of rkese 
two r;lzte* SE-Sepkadex C-25 seems to give better resoftition of tke ~uorophores 
tkzil does Bio-Gei P-2. 

fn this investi@ioo. three new metkads for chromatogz3phing the Gxoro- 
pkcns of e&stin witi be presented. Ads0cptif.m ehromatopphy on Sephadex G-l0 
.t-es~&ed is bmer resolution of the fhoremx~t- compounds tErm did Bio-Gel P-2, and 
ccllufose phosphate io~l exch.zqe @ve rexIts conpzrable to those reported for SE- 
Se~hadex C-25 Ce&&xe phosphate is preferabIe to SE-Sepkadex C-25 wken the 
chmnaiogrzphd hydrolysates contain substmtiti amounts of residual hydrochloric 
xi& Fii&y, TLC of kydrol>ad elmin on sificix geel resolved nine Guoresce~t co=- 
pou1~3~ when fi-propanotmonia (7050) VBS US& 2s the developer. 

Boki5e figamencum nuckae elastin (E-1625) and c&ulose phosphate, medium 
nxesk, wee pmhased from Si_ana (St. Lx%, MO, U.S.A_). Bio-eZ P-2 znd DE_AE 
ceeTlufose (Ce!iex-Dj xvera b p~urckased from Bio-Rad Labs. (R.ichmon& CA, U_S.A_)_ 
Sephades G-10, sirlphoetkyi(SE)-Sepkadex C-25 and Sepkadex LK-20 were obtained 
from Phzmxcis (Pizzztzva~, NJ, tTS_A_) Quanta/Gram Q-E 5 x 20 an silica gel 
thla-kqer piates xv&from Quxmxn industries (FairfieM, NJ, U.S.LL). Ml ckenzicals 
WF~ rezgeat grade &k tke exception of rr-propanol zd rr-butacof, tikick Kere g&s 
d&tilled (Burdick and Sackson Labs., ?&.&egon, MI, U.S.A_). 

Elzstin pov&r (5 g) w;?s kydro@d by reffux under nitrogen for 52 h in 1 I of6 
it- KC! with lo-’ :< SnC12. A temperature of WC was use& for tke first 30 tin or 
mdl the ei2stin powder had completely solubilized, the13 tke temperature was raised 
to 1 IOT. KCf was removed by rotzq euzporation of rwcessive 2Xl-n3 aliquors to a 
vciume sot Iess tkm 15 ml. No aliquot was al.loxwd to evaporate to dryness. T&e &al 
v&me of eack ky&o!yszte was adjusted to 20 mi with deiorzized water to give an 
e&tin corrcentration of 250 mg/mI. Ail sz~~ples were filtered tkrougk glass wool. 

Ruorescen~ measurements were made using an Am&o-Eoman spectro- 
pkotoiluoro=eter equipped w&k a ratiophotometer (Aslerican Enstrren~ Silver 
Spring, -MID, U.S.A.). Slits $4 and 6 were 3, I sod 3 inm- For ti measurements, the 
sm.sititity verxGer was set atmE@ and the sensitivity setting was adjusted a required. 
The 9uorineter was ca.librzted v&k quinine &fate (I pgiml 0-t N K,SOJ. The 
relative &~orescerrce of tke quitine suJ.f&e standard at XiQ//fso am was 55 at 2 semi- 
titity setting of IO. Vv’zvefengtk calibration mz.s periodic&y’verified wir.k quziu’oe 
sulfate stzzdardsc S~tra wre recorded LX+& a Houston Ins’tnrmzrits Series 2ooQ 
o&~#&z x-y recorder (Be&ire, TX, U.S.A_). A!l spectrz reported are mt further 
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--:- -_ New E~o43el?-2:was w&e+. &&usivdy with 012 .&f ace& kid .LL& a. coni 
st+t ~u~_tincere&d.ing & 320/$00 nm (ex$@&oti[emissio$ was obtaided. The gel 
wasp&r@ ta~a’pac@xi height oLS2-86 c% in a90 :x :I;5 cm column &ted u&h-PTFE 
-ttibing; TXe~olun~n waswashzd with 0.2 Af acetic &cid.fdr .a mi&F of 24 fi before 
use. .-A.-t-ml sample was applied to the cofumn in each chromatography and. was 
eitited wit&h-03 M acetic-acid. Fractions of 1&2.ml were-&IIected at IO to 20-m& 
intervals. Alternate fractions from. the chromato&m were monitored. for fluores- 
cence at 320/400 nm. 

Sephaakx G-IO ckrotnafograpk_v 

Sephadex G-10 was prepared and &&es wer&hromatographed by the same 
methods sed for Bio-Gel P-2 chromatography. *ternate fractions were monitored 
for ffuorescen&~at 32Oj400 and 2SQ/3IO 11111. Absorbance df akernate fractions was 
mckitored at 280 nm. Amino acids were detected-by a modified ninhydrin method of 
Mdore and Stein? using 250 fi of sample; SW fi .cf -water, 250 fi of the ninhydrin 
reagent and a tid addition of 4 ml of 50 GA &propanoL. 

Sephackx LET-20 chroma~ograpli.v . . 
Sephadex LK-20 was washed with &ss-disiikd water. -The adsorbant was 

poured into a 36 x t .5 cm column to a final packed, height of 32 cm. A sampfe of the 
efastin fluorophore corresponding to peak VEII in.& Sephadex G--fO.chromatogram 
ti& concentrated by rotary evaporation and chromato~phed x==&& &ss+-E&Ikd 
water. Fractions of 1-S ml were colkcted at IO-tin intervals, and fiuorescence was 
determined on alternate fractions at 295/393 nm. 

C&&se pk@ra~e cibmzz~~graplf_v 
CelI~~Iose phosphate was washed with acetic acid-:! LW_ ft’acI- (5050) until a 

colorfess supernatant resuited..Thece~ufose phosphate was then wa.she&with 0.2 _W 
ac&ic acid and poured into a-32 R 1.5 cm coIumn to a packed height of 24-23 cm. 
Wa.shine of the column was:continued until a constant LIuorescence baseline was 
achieved. ., : : I 

A +5-mI s+pIe of the hydrolysate concentrated by- rotary evaporation was 
chromatogrzphed using a finear salt gradient (O-O.5 LW NaCI) in 3 -50~ml volume of 
02 Macetic acid. Fractions of 2-3 ml were cokcted at IO-min intervals. The cbronra- 
tog+n wzs monitored .hy measuring. alternate fractions for ff uorescence at 32q40a 
nm tid absorbance at 280 nm; IndivTdtxal spectra-we=-taken of fractions located at 
the peakbf ffuorescence. _ 

.- --To detect: compounds that did not bind to the ceEulose phos$hateV- I mE of 
cona&ated hydroiysate was .added to @Wok phosphate and eluted wjth 0.2 1If 
acetic acid. The non-binding ffuorescent compounds were cokcted, concentrated by 
rotary evaporation to I-2 ml and chromatographed on Sephadex G-10 as described 
above. 
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Fig. I. B&Gel F-2 chion&ogzss ofel~tk hydroIysate The a&& of the chromato$am Iabekd r-W zre 
LWXIO~QUS to the ares of the B~Q-Gef P-2 chromatogram presents bq_Thornh@ ffizf contained fhores- 
cent peaks gives the numbers Spectral -+aIua i&icatcd aze wavekngtt at which masimai fiuorescence 
occur-& The sensitivity setting of&e Buorimeter wax 30. L 

Sepfkzdgx G-10 chromatography 

Tix chromatogram in Fig. _ 7 shows &at Sephadex G-LO is XI effective tool for 
the _sep+qion bf the fIuorescent compounds of ekstin. Five ffuorophores were re- 
solved from the hydro&zed e&&in, and chtizcteristic spectra‘for each peak are givetx 
&kthefigure. ’ 

-Fig_ 2. Sqhadex G-It? cbromarogtam of dastin h$&o&sate. Numbering of the fl&orexent peaks is zxz 
arbitrzy contimttion of the numkring sequence begun in the BiM F-2 chromatogram. Elution po- 
Skiot~S Qf.rhe non-fiuoresxnt amino acids are indicated above the chromatopim. SpectraI maxima for the 
respecti= peaks were ss foUovs: 3029443~ V; 352~432, VI; 33Cij422;VE; 304j394, ViII; and 336/39& IX_ 
(e) FTuorexence at 320!500 nm ami (m absorbuce at 280 nm. Tfie wnsiti~~g~setting of the fkorimeter 
was tw. 
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presumed to be due to iding of the Qros&e fharescence into the wzueien_@s wed to 
monitor sisible Buorescence. This is possible siwe the mount of tyrosme fiuores- 
czezize ~-as very lzrge as comp~ed to t&e amount of visible fiuorescence being 

_measured_ On;ly 316,3’-fIG 0;11 Etiorm~ce, appropriate for dityrosine, was detected in 
ths &k-d peak. Thz ckcnzz3~ in fuarescszze kteI;siiiy of t&e ef2sGa fluoraphare may 
be due to degzdation 2s a sizik in the emission ma.xizzlum to 384 Em was noted. 

~err-~ropuro~-~ouaTLCs~s:emresoivedninedisri~-tfiuarescent bznds 
frum the hydrolysate szmpte (Fig_ 7): These results show that it is possible to separate 
the &stin Cuoropbores from a hydroiysate by TLC w&lout preE;tinzWy tre2ltment of 
the smple_ Ce-taxion Ofall &he fhorophores required i-iewingthe pEats Pr'iZikthey 

were stiti wet ~kcz)~cp the Buorophore with deep bIue color and highest RF rzpidCy lost 
Szorescence zs the plate dried. ksszturating the @ate did rrot reinstate this fluores- 
cence, which indicated that decomposition occurred_ 

TLC of the sampte compondir;,o to peak X in the Stphadex G-H chromato- 
_am gave = RF of 50 v&h the F;-propanokmmoniz solverrt system and 5 E using the 
n-b~ttznokcetic acid-water solvent system. The lack of change in migration despite 
tie iSr,e chanS$e in pH sugzszs &at no ionizing gioups were present in tIlis Buoro- 

phcre. D&z&on with nkhydrin reagent revesh A a nkhydrin-staining product t&t 
ovetfapped the Euoresceot band in both solvent systems. Tnis occwred despite other 
evkkxce sbowin,o rhat EC tine groups zre no_rm&y detectable in the flrromphoreg. 
S3ost t&eIy, the nir&ydrio-posiGve compoud arose as a result ofdepzdation follow- 
ing the c’bromatogaphy as a rapid decrese in fluorescence K-S obvious organ re- 
mo rat of rhe plate from the chromatography tank. 

TLC of the samgie corresponding to peak XLfI In the ceHuiose phosphate 
cbromafo_gram n-zs also af%cred by d,grad&on. Fig. 33 shows- the resolution of 
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_ Significant di.Kerences were noted between the Bio-Gel P-Z clkomatogram and 
that reported by ThornhiII~_ The Werences in eMion positions of the fluorophores 
can be expfained by_dBerences in column sizes used. The cikcrepancy in spectral 
value for the fluoroplrores IIZJ? resrclt from differences in ffie init& treatnzenf of the 
ekstin sampfes. ThomhiiIt observed that swelling of elastirr with pyridine allowed 
extraction of a fIuorescent compound_ The fluorophore was characterized as a Sam- 
rated aldehydic lipid’_ The fluorophore was conckied to be an artifact since it could 
be removed from elastin without gydrofysis of the protein. In the current invest&a- 
tion, thg eIastin sampIes were not treated with pyridine to remove the ffuorophore, 
and Ehechromatogam undoubtedly contained this compound. No spectral data have 
been reported for this aldehydic lipid, so it is not possibk to determine if the fluoro- 
phore with spectra of X38/396 nm as seen in the Eio-Gef P-2 chromatogram of this 
investigation is equivalent to the compound reported by Thornhill et al.‘*‘. 

Chromatographic resolution of the. dominant Buoropbores from the minor 
&orophores with Sephadex G-10 was much better than that w!th Bfo-GeI~P-2_ It 
shouId be noted that the fluorophore with 338,‘396 nm fluorescence seen in de Bio- 



Gel, P-2 dzmxiru_anz WTS present iz the Sephadex G-IO chromatogram, Bed it 

comprised 2 suhst2.ntiaI partion of the total e&Win +ibbIe Buorescence. Another 
&~aropiro_x <3tXj393 nm) was apparent in the Sephadex G-LO chromatograrn that 
wa:i not detsted in the Bio-Gel P-2 chromatogram, which illustrates the imprc&e- 

neat in resoh~tion that resrifts 5om use of Sephadex G-10 chromatography. An 
adctition& bene& of using Stphadex G-IO is that the major fiuorophores elute dell 
after the commot~ amino acids. fn comparison, alI of the fiuorophores elute from Bio- 
G&l P-2 in the sanze areas as do the cornrnon amino a&5?. Thus, Sephadex G-i0 

chromato_gaphy yields iR a sin& ” p =tep 2 more highIy pur%ied sampIe of the 336/398 
zn Buorophore than does Bio-Gel P-2 chromatography- 

Production of artifactud fluorescent during rotq evaporation can be mini- 
mized bv not allowing t&e avnpk to proceed to dryness~,.wKch restits in residuaI 
hydro&ioric acid in the sample. Residual sait in i&e hydrofysate sample is actu2.Q 

‘bene6ciaf -A+th Sephadex G-HO chromatography as it enhances the adsorptive interac- 
tion of acomatic conpc~unds with dexvans in *e .ge,I. This interaction aids in the 

sepzation of2ronatic compounds such as the e&&n Buorophoresio. Thus, Sephadex 
G-IO is part.icuIariy weLI stiteci for use with e&tin hydr&s2tess. 

The other don&ant ffuorophore: eiuting frost Sephadex G-10 f-k VIII) ap 
FXAX to be sufficiently resoived from of&er compounds with visible ff uorescence that 

it CZUI be used directly for characterization studies using chemical mod&%ion. Sub- 
sequent chrorr,atopqshy of the fluorcphore on Sephadex IX-20 resolved the 
fhiorophore from tyrosine; however, the resutting spectra were not sl_&ca&y dif- 
ferent from those obtained irpon dilution of the fiuorophore sanpfe from Sephadex 
G-10 chromato_gaphy. Therefore, additional pnrii%ation of the fluorophore may not 
k necessaq for most ~uorimetric studies of this compound. 

In preiiminary invzstigations, it =as found that SE-Sephadex chromatography 
was incompatible with the method used for preparation of e’iasdn &y&o&sates as 
residual hydroctioric 2cid in the hydrolysates caused excessive shrinking of SE-Seph- 
atiex C-25 and unacceptabie slowin, 0 of the flow-rate. Chromatography using ccl- 
lrrlose phosphzte gave resuEts stil2r to those obtained by Thor&ii? with SE-Seph- 

acies C-35 yet cc&u&e phosphate is not affected by the residual hydrochloric acid 

in the saLpIe. 
A s&z&ant &ding of the cellutose phosphate chromatography is the reiative- 

ly high c2ticnic charge of the &torophore v&h 297/394 nm fluormnce. Since the 
B7j394 run Duoruphore ehiteci midway between tyrosine and desmosine, 2 cstioric 
cfaxge of 3 can be estkmted for this Euorophore. DEAEceHulose chromate-errrphy 

of this fluoropbore &on-ed the presence of 2 anionic charges. Therefore, :he fiuoro- 

phorc &h 29?/394 m spxrra is amphoterit and contd funcdoz as a cross-linking 
nz,oiety in elaSin_ The sgxc’4 values for this Quorophore are much lower than those 
of rhe amphofytes detected by Thor&W. Howzvcr, the Bio-Gef P-2 chromatogam 
of the e&tin h56rolysate in the presenE investigation failed to resolve this Buoro- 
phore, which m2y expkzin why it has not Seen detected previously. 

?Lhe shift in emission %-avelengh mainrum of the XUj394 nm fluorophore 
foIlowing DE&EcelMose indicated degradation of the Bnorophore. This spectral 
shift was obse~ed frequemly. AU sampIes of this tluorophore from c&u&e phos- 



phatechronatographyj~~o~~, a &ingti &i -&issioti &xi&u& wi&in 2 day&&r- 
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--. : The ot~er~m~jor.peakwith~338/~~ ism fluoresanA elided& th&area .,of the 
idhIb* pi;osphtit& chrotiat&@ni appropiiate _for non-cation& compou’nds.- When 
this saMpIe was chromqttographtxl _on~Sephadex G-lO,s~+e& fluorophores cochro- 
matdgraphed in th& same peak_ These ffuorophorzs are most Likely to be t&e ffuoro- 
phores &novabIe by~pyridine extraction’. P&sence of the fIu&ophore with--%0[398 
nm specti in the tiori-cation& p&ion of the ceIIufo& phosphate_chr6ma~&grzm 
addsadditional suppOti to:tbti hypothesis&at &is-compound wasthe major fhxoro- 
phore removed by pyridine 6xtqacfioti, and heoce_w%snot present irObe Bi&GeI P-2 
chromatogram reported by Thor&W. 

&e of the developer e-pro.panof-ammonia v&h siI@a gei to chromatograph 
the eIastin hydrolysate oVerqzme st?@%ig of the fluorophores that has been repoqted 
for other thin-layer-and paper.chromatographieg3:*. However, the two pur&< flue- 
rophores that vzere chromatopphed indicated *&at degradation occurred under the 
conditions used. Therefore, this method of elastiin fiuorophore chromatogriphy may 
be useful or& for qualitative purposes_ The .Ijrod&cti+ti of additionaIffuoroplrores 
from the 2971394 mu fluorophore that occurred as a result of TLC is consistent with 
the results of the DEAJ%&Mose chromatography. 

Detection of a ninhydrin-reacting grotip upon degradation of the 336/398 n& 
fluorophore during TLC may provide strrrctural information. Failure of the fluor+ 
phore to bind cellrrlose phosphate or to show a change ti R, with change in pH of 
developing soIvent argues against the presence of an amine prior to the thin fayer 
chromatography. Esposure of an amine group upon degradation of a pyridinium ring 
structure has been reportedLi, and this may indicate that the fluorophore is a nitro- 
geen-containing heterocycfic compound. 

Sephadex G-IO is the best material for purification of the major elastin ff UOFO- 
phores. The resulting fEuorophores are suEicient1y resolved from contaminating fIuo- 
rescence that they can be used directly for further characterization. Both in Seph- 
adex G-EO and celEr_dose phosphate chromatography method are suitable for use- 
with hydrolysates that contain residual hydrochloric acid. The major fldorophores 
resolved by Sephadex G-IO aod cel.I~Iose phosphate chromatography have spectra 
different fram those previously repo-rted’. This is due par&lIy to the ability of Seph- 
adex G-LO to resoIve one Buorophore not resolved by Bio-Gel P-2 and par&Q- to 
a difference in the initial treatment of the eIa.stin sample. The fluorophore corresppnd- 
ing to peak. VEXI In the Sephadex G-IO chromatogram and to peak MIi In the 
ceftuIose phosphate chromatogram had 3 cationic groups and 2 anionic groups, 
which support a possibIe cross-W&g role for this compound in efastin. The Buoro- 
phore was high& labile. The fl uorophorecorresponding to peak EX in the Sephades G- 
10 chromat~gram Andy to pezk X in the selIrrlose phosphate chromatogram lacked 
cationic charge; znd due to a Iack of change in migration with change in pH of 
developer in TLC, it pio&bIy also did not have a carboxylic acid structure. Upon 




