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“SUMMARY

Adsotptmﬁ chromatography on Sephadex G-10, Ion-exchange chromatogra—_ff;
..phy on cellilose phosphate and thin-layer chromatography on silica gel developad -
© owith rz-propano{—ammoma effectnely separated compounds with visible fluorescence: -
from: acxd—hyd.ro;yzed bovine ligamentum nuchae elastin- These methods are com-
. patible for use with sampIes contamxnz r&exdual hvdrochlonc acid. ‘The number of .
ﬂuorophores resolved were 5, 6-9 and 9 for the respective. methods. “Twa flu- -
- orophores [ oredozmnated in’ ‘the ceﬂuick phosphate and Sephadex- G—IO chromato- -
- grams; the exc1tatxon{emzssmn maxima were 338/ /400" and” 297;394 om and 336{398
- and 293[393 nm for the respective chromatogramc Catioric charges of Q. and 3 were
‘estimated for the 338!400 and ‘797,’394 nm fluorophores, respecnvcly from celluiosei _
phosphate chromatography. 'DEAE-cellulose chromatographv mdxcated ‘an anionic"
- charge of 2 for the fluorophore with initial 298393 nm spectrum. The two domma.ntf

. fluorophores degraded following thin-layer chromatography. indicating that the
methed has only quahtatwe use. Sephadex G-10 should prove ‘useful for aetectmg
changas in the amounts of the elastin ﬁuorophom that result from degradation of or -
specific chemi¢al modification of the ﬂuorophores- The dominant ﬁuorophores is0- -
latéd by.Sephadex G-10 chromatoqraphv can. be used dlrectlv for chermcal modlﬁ- K
catxon mvestxgatlons ’ ;

~ INTRODUCTION

‘Methods that have been ' mv&tlgated ‘for usefulness in:the separation. of the
ﬁuoropfmres of -elastin. include resin ion exchangers®; adsorption- chromatography -
“using alumina?; paper!3:and thin-laver chromanograpny (TLC)?, Bio-Gel P-2*:and - .
SE—Sephadex C-25ion exchange

“Resin fon excnangers are not suitable for.use with elastin ﬂuo:ophores La- -
BelIa noted that dotall ﬁuorophores and chromophores elutefrom the columns_Some
“are apparendy either Irreversxbly bound or degraded by exposure to the resin. Thorn- -
- hill et al."** reported that resins bleed-a ‘flucrescent. impurity and the: elastin fluoro-
phores streak thr ough a large portion of the' cnromatogram dusto adsorpnve interac- -
ﬁons mth the mn Streakm g ‘of the ﬂuorophores isa problem wnh paper chromato-‘
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graphy’- and TLCS. Alumina is unsatisfactory for separation of the fluorophores as
some comporenis are Iabile under conditicns of the chromatography”.

- At pressnt the best miaterials for chromatography- of elastin fluorophores are
Bio-Gel P-2 and SE-Sephadex C-25°. Chromatograms obtained using Bio-Gel P-2
and SE-Sephadex C-25 show mutltiple fluorophores in hydrolyzed elastin. Of these
two materizls. SE-Sephadex C-25 seems to give better resolution of the flusropheres
than does Bio-Gel P-2.

In this investigation. three new metheds for chromatographing the flucro-
phores of elastin will be presented. Adsorption chromatography on Sephadex G-1¢
resulted in better resclution of the fluorescent compounds than did Bio-Gel B-2, and
cellulose phosphate ion exchange gave results comparable to those reported for SE-
Serhadex C-25. Celiulose phosphate is preferable to SE-Sephadex C-25 when the
chromatographed hydrolysates contain substantial amounts of residual hydrochloric
acid. Finally, TLC of hydrolyzed elastin on silica gel resolved nine fluorescent com-
pounds when r-propanol-ammoenia (70:30) was used as the developer.

EXPERIMENTAL

Mearerials

Bovine ligamentum nuchzae elastin (E-1625) and celfulose phosphste, medium
mesh, were purchased from Sigma (St. Louis, MO, U.S.A ). Bio-Gel P-2 and DEAE
cetlulose (Celiex-D} were purchased from Bio-Rad Lebs. (Richmend. CA, U.S.A).
Sephadex G-10, suilphoethyi{SE)-Sephadex C-25 and Sephadex LH-20 were obtainad
from Pharmacia {Piscataway, NJ, US.A) Quanta/Gram Q-1 5 x 20 cm silica gel
thin-layer plates were from Quantum Industries (Fairfield, NJ, U.S.A ). All chemicals
were reagent grade with the exception of n-propanol and r-butanol, which were glass
distilled (Burdick and Jackson Labs., Muskegon, MI, U.S.A)).

Hydrolysis of elastin

Elastin powder (5 g) was hydrolyzed by reflux under nitrogen for 72hin i lof 6
N HCI with 107°% SaCl,. A temperature of 55°C was used for the first 30 min or
until the elastin powder had completely solubilized, then the temperature was raised
to 110°C. HCI was removed by rotary evaporation of successive 250-m! aliguots to a
vciume not less than 15 ml. No aliguot was allowed to evaporate to dryness. The fnal
volume of each hydrolysate was adjusted to 20 ml with deionized water to give an
elastin concentration of 250 mg/mi. All samples were filtered through glass wool.

Fluorescerice measurements

Fluorescence measurements were made using an Aminco-Bowman spectro-
photofluorometer equipped with a ratiophotometer (American Instrument, Silver
Spring, MP, U_S.A)). Siits 3, £ and 6 were 3, | and 3 mm. For all measuremesnts, the
semsitivity vernier was set at 100 and the sensitivity setting was adjusted as required.
The fluorimeter was calibrated with quinine sulfate (I gzg/ml 0.1 N H,SO,). The
relative fluorescence of the quinine sulfate standard at 35¢/450 am was 53 at a sensi-
tvity setting of 0. Wavelength calibration was periodically verified with quinine
sulfate standards. Spectra were recorded with a Houston Instruments Series 2000
cmnigraphic x-y recorder (Bellaire, TX, U.S.A.). All snectra reported are not further



-;—SEEARATIONOFTHE FLUOROPHORES OF ELAST‘N TP Cs - -

1‘,corrected- Ihm—Iayer pIates wcre vxcwed ﬂuonmetncady using a Chromato-Vue: :
(Ultravmlﬂt ;Products; San Gabmi CA U S. A.) hz,ht box under the loneer-\x ave-
flenzthultrawolet lamp‘ R - el LT T L '

- Bto-Gel P-’ dzromatograpin Do R Rt 2 L
7 - New-Bio-Gel -P-2-was' Washed extensuely with 0.2 M acetxc acxd untxl a con-
stant ﬂuoracence reading at 320/400 nm (excitation/emission) was obtained. The gel
- was poured to a packed height of 82-86 cm in a'$0 x 1.5 cm columan fitted with PTFE
* tubing: The column was washed with 0.2 M acetic acid for a minimum of 24 h before *
use. A l-ml sample was appued to the column in each chromatography and was
* eluted with 0.2 M acetic acid. Fractions of 1:5-2 m! were collected at 10 to 7G—mm,
intervals. Alternate fractxons from the chromatogram were momtored for ﬂuores—

cence at 320/400 nIm.

S'epfrader G-I0 cllromataarapiw el = A
i ‘Sephadex G-10 was prepared and sampies were chromatographed by the same
methods used for Bio-Gel P-2 chrematography. Alternate fractions were monitored
- for fluorescence at 320/400 and 280/31G nom. Absox:bance of alternate fractions was
monitored at 280 nm. Amino acids were detected by a modified ninhydrin method of
"~ Moore and Stein® using 250 gl of sample, 500 gl of water. 250 [11 of the n.nhydmz
reagent and a final addmon of 4 ml of 50 / n—propanoi

Sepizad'er LH 70 chranmzograp!ﬂ o

‘ Sephadex LH-20 was washed with elass-dxstﬂied water. - The adsorbant was

poured into a 36 x ‘1.5 cm column to a final packed height of 32 cm. A sample of the

elastin fluorcphore corresponding to peak VIII in the Sephadex. G-10 chromatogram

was concentrated by rotary evaporation and chromatographed with glass-distilied -
water. Fractions of 1.5 ml were collected at 10-min intervals, and fluorescence was

determined on alternate fractions at 295/393 nm. ‘

Cellulose phosphate chromarography
 Cellulose phosphate was washed with acetic acid-2 M NaCl-(50:50) until a
colorless supernatant resulted.. The celfufose phosphate was then washed with 0.2 A7
acetic acid and poured into a 32 % 1.5 cm column fo a packed height of 24-28 cm.
Washing of the cohmm was: contmued. untzt a constant ﬂuorescence baselme was
achieved. =
S AGS-mi sample of the hvurolysate conccntrated by rotary evaporatloxz was
,chromatographed using a linear salt gradient (0~0.5 M NaCl) in a 500-ml volume of
0:2 Af acetic acid. Fractions of 2-3 mi were collected at 10-min intervals. The chroma-
togram was monitcred by measuring alternate fractrons for fluorescence at 320/400
nm and absorbance at 280 nm. {ndmdual spectra were taken of [ract{on< located at
the peak of fluorescence. - -
=To- detect compounds that dzd not brnd to the cei.u{ocv phosphate I ml of
concentrated hydroiysate was added to cellulose phosphate and eluted with 0.2 M
acetic acid. The non-binding fluorescent compounds were collected, concentrated by -
-rotary evaporauon to 1-2 m! and chromatographed on Sephadex G—lO as descnbed
above. ‘ :
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The Cellex-D was washed with (} 02 Af sodmm pnosahatc bu&,r pH 8.!3 unt.I g
a constant ﬁuomcence baseline was achieved. The washed zon—exchanger was poured

into a 36 x 1.5 cm column to a final packed height of 34 cm. A sample of the'elastin -

fluorophore compcndmg to peak VIII in the Sephadex G-10 ciromatogram was
concentrated by rotary evaporation. To this sample was added an aliquot of dityro-
sine’ with fuorescence intensity equal to that of the elastin fluorophore. Chromato--
graphy of the sample was done using z linear 0-6.5 Af NaCl gradient in a 500-ml’
volume of 0.02 M sodiuvm phosphate buffer, 'pH 8.0. Fractions of 1.5 ml ‘were col-
lected at 10-min intervals. Alternate fractions were evaluated for fluorescence in-
tensity at 293/35Q pm. Spectra ware determmed for sampi.,s corrcspondmc to the
peass in the chromatogram. -

Thin-layer chromato mp:‘n

A 50-gl sample of the concentrated hydrolysate was streaked pa:tzaﬂ\' across
the bottom of the plate. Sample was applied untit visibie fluorescence could be easily
discerned when viewed under ultraviolet light. The plate was chromatographed using
n-propanol-ammoniz (73:38, v/v). The positions of the ﬂuorescem comsounds were
marked while the plate was still we '

" A sample of the compound CO“‘EESPGIIC{IBG to peak X in the Sephad.x G-10
chromatogram was concentrated and applied to a thin-iaver plate’ Two separate
development systems were used to evaluate this fluorescent compound: n-butanol-
acetic acid—water {4:1:1, v/v/v) and n—propanol—ammonia (70:3G, vivy. A sample of
the fluorescent wmmund correspording to peak XIII from celiulose phasphate chro-
matography was concentrated, applied to 2 thin-layer plate, developed with n-propa-
nol-zmmonia (70:39, v/v}) and evafuated. When the plates were dry, they were
sprayed with pinhydrin rezgent®, the niphydrin-staining compounds were marked,
and their positions were compared to those of the fluorescent compounds.

RESULTS

Bic-Gel P2 chromuatographky
The chromatogram obtained by Bio- G"l P-2 chmmatozrap&} of the concen-
trated bovine ligamentum nuchae elastin sample (Fig. 1} is simifar to the Bio-Gel P-2
chromatogram reported by Thornhiil®. However, in the referenced chromatogram,
the sizes of peaks I and I were larger and the space between peaks I and [II was
graater than for the corresponding peaks resuiting from Bio-Gel P-2 chromdtography
{ the-elastin sample evaluated in the current investigation. The fluorescence exci-
tation and emission maxima: of each peak were zlse different in these two studies.
Peaks I and [ in Thornhill’s* investigation had maxima at 350/435 nm and peaks I
and IV had maximz of 340/425 nm. In contrast, the products cbserved in the corre-
sponding portions of the chromatogram in the present study had excitation maxima
of 2334344 nm and emission maxima of 409417 nm. Furthermore, the dominant
fiuorescenes in the region COTmspondmz to peak IIE had max;.mai ﬁuorescence at
338/396 nm. S :



:
0
4
g‘
2
1
3
Q
@:
g
&

=

¢

8- 1 . . :
I .
=)

S )

<

i

L ]

8 X 9 E
G I DEgR I - -
o 73 el ey

=4 L4

S ]

- ﬁs $8 -

w ¢ 35 -
= j 28 '

= L’i :

= | -

&2 0 1

-0 20 30

&G 80 100 - -

FRACTION NUMBER ) ; .
Fig. . Bio-Gel P-2 chromatogram of elastin hydrolysate. The areas of the chromatogram labeled I-IV are
analogaus to the areas of the Bio-Gel P-2 chromatogram preseated by Thornhill® that contained fluores-
cent peaks given these numbers. Spectral values indicated are wavelengths at which maximal fiuorescence
accurred. The sensitivity setting of the fluorimeter was 3G,

Sephadex G-10 chromatography )

* The chromatogram in Fig. 2 shows that Sephadex G-10 is an effective tool for
the separation of the fluorescent compounds of elastin. Five fluorophores were re-
solved from the hydrolyzed elastin, and characteristic spectra for each peak are given
in the figure. s - T : '

) A high 280-nm absorbance was associated with all the fluorophores except
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ABSORBANCE, 280 nm

RELATIVE FLUDRESCENCE, 320/400nm

0
G

40 60
FRACTION NUMBER

Fig. 2. Seshadex G-10 chromatogram of elastin hydrolysate. Numbering of the fluorescent peaks is an
arbitrary continuation of the numbering sequence begun in the Bio-Gel P-2 chromatogram. Elution po-
sitioas of the non-flucrescent amine acids are indicated above the chromatogram. Spectral maxima for the
respective peaks were as follows: 362/440, V; 3527432, VI; 330/422,-VIL; 3047394, VHI; and 336/398, IX.
(@} Fluorescencs at 320/4C0 am and (&) absorbance at 280 nm. The sensitivity setting of the fuorimeter
was 100, -
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Fig. 3. Sephadex LH-20 chromatogram of the Suorephare corresponding to peak VI in the Sephadex G-
10 cliromatogram. {@} Fluorescence at 7957393 nm at z seasitivity settiog of 10. (3) Fluorescencs at
280:510 nm at a seositivity seting of 3.

[4

pealc IX. This absorbance led to concern that the apparent fluorescence spectra of
these fluzcrophores were influenced by quenching. Analysis of the relative intensity of
fiuorescence of the pooled sampie corresponding G the tyrosine peak confirmed that
substantial quenching effects were present. Of the originat 25,000 refative intensity
vnits applied to the ecolumn, only 13,6G0 units appeared to have been recovered after
chromatography. The effects of quenching on the fivorophaore in peak VIII {fraction
45) were evaluated. Dilution of the sample shifted the spectral maxima from 304/394
nm to 295/393 nm. Subseguent Sephadex LH-20 chromatography of the fluorophoere
in peak VIIE resolved the fluorophore from tyrosine (Fig. 3}. The fluorescence spectra
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Fig. 4. Celiulose phosphate chromatsgram of clastiz hydrolysate. Numbering of fluorescent peaks is an
arbitrary continuation of the nwmbering iz Fig. 2. (B) Fluorescence at 320/450 om using a seasirivity
setting of 30. (@} Absorbance at 28Q um. Spect=al wavelengths are those at which maximal fluorescence
was, obtained.
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fthe compound after Sephadex LH-ZO ch:omatographywas 298/ 1392 oin; &ssentxaﬂy

“identical with the:fluorescence of the compound that: results upon dﬂutlon of “the: =
- samplei btamed from Sephadex G— 10 ch:omatography i STl :

;CelIquse phospkate chromatagrap&y x sl T '
<+ The chromatogram in Fig. 4 shows that ceIIquse phosphate reso{ved betw een 6
"a.nd 9 compounds with visible fluorescence. With the exception of the lack of flucro--
phores eluting in the area: of the. chromatogram ‘around-desmosine, the cellulose
,iphosphatc chromatoqram is-very similar. to the. SE—Sephadex C-25 chromatogram
- reported by Thornhz&“ Compounds with absorbance 4t 280 nm were resolved from™
‘most of the ﬁucropbores in the cellulose phosphage chromatozram yet proportxons
cof the: pca.k fluorescence were similar to those seen in the Sephadex G-IO chromato- -
- gram. This indicated that the quenching of fluorescence that occurred in the Sephadex -
'G-10 peaks due to compounds with absorbance at280 nm dxd not s:anrﬁcantly dxstort
the elatne propcrtlons ‘of the fluorophores. . .- ,
: --Spectral maxima for the respective ﬂuorophores conﬁmled that the dommant :
- ﬁuorophores from this chromatogram had essentially the same spectra as ‘the domi--
. nant ﬂLorophor&c resolved by Sephadex G-10. The other fluorophores dxsnlayed spec--
tral differences that may be due to the absenoe of quench.nz bv the compounds with
hmh 280 nm absorbance.” | -
, - Sephadex G-10 chtomatographv of the elastxn ﬂuorophore that did not bmd to
f‘elldosa phosphate,:correspondiang to peak X of the cellulose phosphate chramato--
© gram, revealed that several non~cat10mc ‘elastin ﬁuorophores contnbuted to the ﬂuo--
rescence:of this peak: (Fig-5p. =~
- - Fig. 6 displays the result of DEAE-oeHquse chromato graphy of the compouua
: cor'respondmu to peak VIII in the Sephadex G-10 chromatogram. The elastin -
fluorophore eluted between tyrosine and dityrosine in the position appropriate for a -
 compound with 2 anionic groups. No flucrophore was detected-in the tyrasine peak
; sample (776[310 nm} The apparent vxsxb;e ﬁuorescenoe assoczated mth r.tns sample is’

&5
i :

B0/
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‘_-‘\'3«0/?59!??"“‘“:.“7‘ ;
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350/422
3000410
2 310/410

- ReLATVE :JFLUOB.ESCENCE.3szgoo'm B

"

8 £

RN R =
FRACTION NUMBER

: F’z. 5. Sephzdcx G-10 chromatogam of elastm ﬁuorophons that dxd uo: bmd to celluiose pi‘osphate. The
’scnsmvm' semng ‘of the ﬂuonmetu- was 100, ;.o ; ) )
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Fig. 6. DEAE-celinlose chromatogram of the Bucrophore corresponding to peak VIEI in the Sephadex G-

16 ckromatograr. (@) Fluorescence at 295,350 nm at 2 sensitivity setting of 10. (B} Fluorescence at
280/310 om at a sensitivity setiiag of 160,

presumed to be due to tailing of the tyrosine flucrescence into the wavelengths used to
monitor visible faorescence. This is possible since the amount of tyrosine fluores-
cenice was very large as compared to the amount of visible fluorescence being
“measured. Only 316/410 nm fluorescence, appropriate for dityrosine, was detected in
the third peak. The decrease in fluorescence intensity of the elastin fluorophore may
be due to degradation as 2 shift in the emission maximum to 384 nm was noted.
Thin-layver chromatogrephy ]

The n-propanol-ammonia TLC system resolved nine distinct fluorescent bands
from the hydrolysate sample (Fig. 7): These resuits show that it is possible to separate
the slastin fluorophores from a hydrolysate by TLC without preliminary treatment of
the sample. Detection of ali the flucrophores required viewing the plates while they
were stiil wet because the luorophore with deep blue color and highest R, rapidly lost
fluorescence as the plate dried. Resaturating the plate did not reinstate this fluores-
cence, which indicated that decomposition occurred.

TLC of the sample corresponding to peak X iz the Sephadex G-10 chromato-
gram gave an Ry of 50 with the r-propanol-ammonia solvent system and 51 using the
n-butangl-acetic acid—water solvent system. The lack of change in migration despite
the large change in pH suggests that no iopizing groups were present in this flusro-
phere. Detection with ninhydrin reagent revealed a ninhvdrin-staining product that
overlapped the fluorescent band in both solvent systems. This occurred despite other
evidence showing that nc amine groups are normally detectable in the Suorophore®.
Most likely, the ninkydrin-positive compound arose as a result of degradation follow-
ing the chromatography as a rapid decrease in fluorescence was obvious upon re-
moval of the plate from the chromatography tank.

TLC of the sample correspoading to peak XEI in the celiviose phosphate
chromatogram was also affected by degradation. Fig. 7B shows the resolution of
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Fg. 7. (A) Sifica gel thin-fayer chromatogram of the elastin h} drolysate after development with z-propa-
nolammonia (7¢:30, viv). (B} Silica get thin-layer chromatogram of the fucrophore corresponding to
peak XIII in the celfulose phosphate chromatogram. The solvent was rz-propanol-ammonia (70:39, viv).
Ry values are indicated at the Iefi; f represents the solvent froant.

three separate fluorophores with differences in polarity greater than would be ex-
pected from a sample that eluted from cellulose phosphate as a single peak. No
evidence of mulitiple flucrophores was noted in the spectrum of the original sample
before TLC. At this time it Is not possible to say which of the three fluorescent bands
detected correlates with the undegraded form of the 297/394 nm fluorophore.

DISCUSSION

ufs—-Gei -2 ._,’fraﬁfaxugrapif 3q

Significant differences were noted between the Bio-Gel P-2 chromato gram and
that reported by Thorrhill*. The differences in elution positions of the fluorophores
can be explained by differences iz column sizes used. The discrepancy in spectral
values for the fluorophores may result from differences in the initial treatment of the
elastin samples. Thornhill* observed that swelling of elastin with pyridine allowed
extraction of a fluorescent compound. The fluorophore was characterized as a sati-
rated aldehydic lipid>. The fluorophore was concluded to be an artifact since it could
be removed from elastin without hydrolysis of the protein. In the current investiga-
tion, the elastin samples were not treated with pyridine to remove the fluorophore,
and the chromatogram undoubtedly contained this compound. No spectral data have
been reported for this aldehydic lipid, so it is not possible to determine if the fluoro-
phore with spectra of 338/396 nm as seen in the Bio-Gel P-2 chromatogram of this
investigation is equivalent to the compound reported by Thornhill er a/.1-2.

Sep."adex G-10 chromatography

.- - Chromatographic resolution of the dominant fluorophores from the minor
ﬁuorophom with Sephadex G-10 was much better than that with Bio-Gel-P-2. It
should be noted that the fluorophore with 338/396 nm fluorescence seen in the Bio-
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Gel, P-2 chromatogram was present in the Sephadex G-10 chromatogram, and it
comprised a substantial portion of the total elastin visible fuorescence. Another
fluorophore (304/398 nm) was apparent in the Sephadex G-10 chromatogram that
was pot detected in the Bio-Gel P-2 chromafogram, which illustrates the improve-
ment in resolution that results from use of Sephadex G-10 chromatography. An
additionat benefit of using Sephadex G-10 is that the major fluorophores clute well
after the common amino acids. In comparison, al! of the fiuorophores elute from Bio-
Gel P-2 in the same areas as do the common amine acids®. Thus, Sephadex G-10
chromatography yiclds in a single step a2 more highly purified sample of the 336/398
am fuorophore than does Bio-Gel P-2 chromatography.

Production of artifactual fluorescence during rotary evaporation can be mini-
mired by not allowing the sample te proceed to dryness®, which results in residuat
hydrochloric acid in the sample. Residual sait in the hydrolysate sample is actually
beneficial with Sephadex G-1G chromatography as it enhances the adsorptive interac-
tion of aromatic compounds with dextrans in the gei. This interaction 2ids in the
separation of aromatic compounds such as the elastin fluorophoresi®. Thus, Sephadex
G-16 is particularly weil suited for use with elastin hydrolysates.

The other dominani fluorophore ciuting from Sephadex G-10 (peak VIIE) ap-
pears to be sufficiently resolved from other compounds with visible fluorescence that
it can be used directly for characierization studies using chemical modification. Sub-
sequent chromatography of the fluorophore on Sephadex EH-20 resolved the
{luorephore from tyrosine; however, the resulting spectra were not significantly dif-
ferent from those obtained upon dilution of the flucrophore sample from Sephadex
G-10 chromatography. Therefore, additional purification of the fluocrophore may not
be necessary for most fuorimetric studies of this compound.

Cellulose phosphate chiromatography

In preliminary investigations, it was found that SE-Sephadex chromatography
was incompatible with the method used for preparation of elastin hiydrolysates as
residual hydrochloric 2cid in the hvdrolysates caused excessive shrinking of SE-Seph-
acdax C-25 and unacceptable slowing of the flow-rate. Chromatography using cel-
lulese phosphate gave results similar to those obtained by Thornhill* with SE-Seph-
aclex C-23, yet cellulose phosphate is not affected by the residual hydrochloric acid
in the sample. :

A significant 8nding of the cellulose phosphate chromatography is the relative-
ly high caticnic charge of the fivorophore with 297/394 nm fluorescence. Since the
247,394 nm fluorophore eluted midway between tyrosine and desmosine, a cationic
chiarge of 3 can be estimated for this fiuorophore. DEAE-cellulose chromatography
o7 this fluorophore showed ths presence of 2 anionic charges. Therefore, the fluoro-
phore with 397/394 nm spectra is amphoteric and could function as a cross-linking
moiety in elastin. The speciral values for this fiuorophore are much Iower than those
of the ampholytes detected by Thornhill®. However, the Bio-Gel P-2 chromatogram
of the elastin hydrolysate in the present investigation failed to resoive this fluoro-
phore, which may explain why it has not been detected previously.

The shift in emission wavelength maximum of the 2977394 nm flucrophore
following DEAE-cellulose indicated degradation of the fluorophore. This spectrat
shift was obssrved frequendy. All samples of this flucrophore from cellulose phos-
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) phate chromatomphy showed a: change in: emxssxon manmum thhm 2 day" atter -
B the chromatography. RN = .
-The other major- pcak thh 338[400 nm. ﬂuorescence eiated An the area of the

' -'ceIIquse phosphate chmmatogrzun appropnate for non-cationic compounds.- When
~ this samp‘e was chromatographéd on Sephadex G-10; several fluorophores cochro-
: matographed in the same peak. These ﬂuorophoree are most likely to be the fluoro- -
phores removable by pyridine extraction®. Presence of the fluorophore with:340/398
. nm spectra in the noa-cationic portion of the cellulose, phosphate chromatogram :
adds additional support to the hypothesis.that this compound was.the major fluore-
phore removed by pyridine extraction, and hence was not present in’ the Bze-GeI P-2
chromatoorram reported by Thornhill™.

. Thin-layer chromatography :

, - Use of the developer #-propanol-ammonia with sxhca gel to chromatozraph
- the elastin hydrolysate overcame streaking of the ﬂuorophor\,s that bas been reported
for other thin-layer and paper chromatographies®*. However, the twe purified fluc-
- rophores that were chromatographed indicated that degradation occurred under the
cenditions used. Therefore, this method of elastin ﬁuorophore chromatography may
be useful only for qualitative purposes. The production of additional flucrophores
from the 297/394 nm fluorophore that occurred as a result of TLC is consistent with
the results of the DEAE-celiulose chromatography. :

Detection of a ninhydrin-reacting group upon degrad&t[on of the 336/308 am
fluorophore during TLC may provide structural information. Failure of the fluoro-
phore to bind cellufose phasphate or to show z change in R, with change in pH of
developing solvent argues against the presence of an amine prior to the thin fayer
chromatography. Exposure of an amine group upon degradation of a pyridinium ring
structure has been reported!?, and this may indicate that the fluorophore is a nitro-
gen-containing heterocyclic compound.

CONCLUSION

Sephadex G-10 is the best material for purification of the major elastin flucro-
phores. The resulting fluorophores are sufficiently resolved from contaminating fluo-
rescence that they can be used directly for further characterization. Both in Seph-
adex G-10 and cellulose phosphate chromatography method are suitable for use
with hydrolysates that contain residual hydrochloric acid. The major fitorophores
resolved by Sephadex G-I( and cellulose phosphate chromatography have spectra
different from those previously reported®. This is due partially to the ability of Seph-
adex G-1G to resolve one fluorophore not resolved by Bio-Gel P-2 and partially to
a difference in the initial treatment of the elastin sample. The fluorophore correspond-
ing to peak VIII in the Sephadex G-10 chromatogram and to peak XIII in the
cellulose phosphate chromatogram had 3 cationic groups and 2 anionic groups,
which support a possible cross-linking role for this compound in elastin. The fluoro-~
phore was highly labile. The fluorophore corresponding to peak k [X in the Sephadex G-
10 chromatogram and to peazk X in the celiulose phosphate chromatogram lacked
cationic charge, and due to a lack of change in migration with change in pH of
developer in TLC it probably also did not have a carboxyhc acid structure. Upon
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deg:adaaoa, a pinhyvdrin-reacting moz..t} was detected mdicatmg ‘that the ﬁuozo-
shore may be 2 nitrogen-containing heterocyclic compound. The significance of this
fluorophore in elastin samples is not clear; however, since it makes a sizeabie contri-
bution to the visible fluorescence of elastin, it should not be dismissed as artifactual
without ficst detezmmz._g its structural p:operttes. - -
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