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FLUGHOGRAPHIC TRCHNTGUE FOR
DETECTING AND RECORDING CHLOROPHYLL
AND ITS DERIVATIVES ON PAPER AND
THIN-LAYER CHROMATOGRAMS

JAMES L. WICKLIFF
Department of Botany & Bacteriology
SE 401
University of Arkansas
Fayetteville, Arkansas 72701

ABSTRACT

Light from a blacklight lamp (General Electric BLB) is restricted to a waveband range 360 -
470 nm by cut-off filters consisting of 4 cm 1 M aqueous CuSO. and acrylic plastic sheets, This
filtered lamp emission is used to excite the characteristic red fluorescence of chlorophyll and
its derivatives on paper or thin-layer chromatograms. Fluorescent spots are detected and re-
corded by exposure of red-sensitive panchromatic photographic printing paper (Kodak Pana-
lure) to the fluorescing chromatogram. A thin yellow filter interposed between the chromato-
gram and the photoprint paper restricts the detected fluorescence to wavelengths greater than
about 500 nm. Standard development of the photoprint yields grey to black spots on a white
background. Intensity and size of the recorded spot is proportional to the amount of a single
chlorophyll derivative on the chromatogram over a limited range of pigment applied to the
chromatogram. A one-minute exposure with filtered light from an 8 watt GE BLB lamp at a 10-
cm distance will record 0.3 nanomole (270 nancgram) chlorophyll 8 on Whatman No. 1 or on
Whatman 3 MM paper chromalograms. Delection of chlorophyll derivati by this technique
is at least 10-fold more sensitive than visualization of the pigment spots on the chromato-
grams by their green color. This fluorographic technique can be a useful adjunct to chromato-
graphic analyses of porphyrins in general.

INTRODUCTION

Chlorophyils and other porphyrin derivatives emit characteristic
orange to deep red fluorescence when irmadiated with ultraviolet (UV)
light or with blue-violet light. This fluorescence allows visual detec-
tion of these substances on paper or thin-layer {Tl.] ch.rmslngnma
with greater semsitivity than visualization of the t spots by
their reflected colors in white light (Falk, 1964; §¢ilak 1963). De-
pending on the color of the compound and the background, spots
containing a few micrograms of some porphyrins are visible by re-
l‘loctad light. However, with fluorescence using 365 nm excitation,

tection can be i d 100-fold, and with special fluorescent en-
hancement techniques as little as 0.005 pg of some porphyrins can be
detected on paper chromatograms (Blumer, 1956).

Location of fluorescent spots on chromatog can be ded
by outlining the spots while the chromatogram is viewed under UV
illumination (Udenfriend, 1962) or by photography (Jackson, 1965;
Milton, 1962; Sievers and Hynninen, 1977). Many of the chlorophyll
derivatives are unstable under luch condlﬂom i e. U\f light adsorp-
tion causes bleaching appa via photo
(Falk, 1964). Thus, mordins of fluorescent spots of chlnrophyl.l
derivatives on paper or TL chr
re-pelilh’e exposure to UV light may lead to mcmplulu rngkwrh:g

of PP

Contact S inting of fl from paper chromatograms
was first mpomsd for umrding nucleic acid spots (Markham and
Slll.lﬂl 1949). By Ilnndm' the developed chromatogram with a

the UV-adsorbi leic acid spots appeared
lldarllrmanlnnurucing kgr i when the ch
was viewed under UV (265 nm) light. When a contact plwiapﬂnt was
made of the fluorescing chromatogram, nucleic acids were recorded
as white spots on a dark blctmd Abelnon (1960) developed a

contact printing p for ding spots of paper
chromatograms directly. This technique involves use of a near-UV
light source (ca. 365 nm) for excitation. The fluor a

sheet of Kodabromide printing paper. A Kodak Wratten 2A filter
interposed between the chromatogram and the photographic paper

prevents spurious UV light from being recorded. Modifications of
these basic fluorographic technigues have been used to record
sevml d:.l'l’m: kinds of fluorescent substances or UV-absorbing

on grams (e.g., Abelson and Rosenfeld, 1962;
Bush, 1952; Jones, 1965). However, applicati of fluorog phi
techniques for recording spots of porphyrin deri , in particul

chlorophyll derivatives, has yet to be reported.

A fluorographic method based generally on the technique of Abel
son (1960) has been developed for chlorophyll and its derivatives.
Fluorescence of the pigment spots is excited with blue-violet light
and is then recorded by contact printing on photographic printing
paper having a panchromatic emulsion.

METHODS AND MATERIALS
Fi graphic A and Technique.

Arrangement of components in the apparatus is depicted in Figure
1. The excitation light source for fluorescence is an 8 watt blacklight
lamp with an integral filter (General Electric BLB lamp) which emits
light maximally ca. 365 nm. This light source emits UV which causes
significant, rapid bleaching of chlorophyll derivative spots on
chromatograms. The destructive UV wavelengths shorter than 350
nm are removed by inclusion of three 2.5 mm-thick acrylic plastic
sheets (Flex-0-Glaze; Warp Brothers, Chicago, IL) in the light path.
This filter system yields uniform 65% transmittance from 400 to 800
nm with less than 2% transmittance at wavelengths less than 350 nm.
A liquid filter of 1 M aqueous CuS0. is also required to eliminate the
small amount of lamp-emitted red light which causes fogging of the
photographic paper during exposure. Although the container for the
liquid filter shown in Figure | was a Pyrex glass tray, a container caf
also be made from acrylic plastic to combine the two kinds of cut-off
filters that must be used with the blackligh The emissi
this filtered light source, calculated from the transmission curves of
the filter systems and from the spectral emission curve for a GE BLB
lamp (Jackson, 1965) has the major emission band from 360 to 470
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Figure 1, Arrangement of light source, filters, chromatogram, and
photographic paper during fluorography.

am with & peak near 390 nm. A secondary filter interposed between
the chromatogram and the photographic paper is used to restrict the
flw d by the graphic paper to wavelengths
greater than ca, 520 nm. Any yellow or orange filter materials can be
used, provided they transmit strongly from 550 to 750 nm but have
less than 1% transmittance from 350 to 480 nm. A useful secondary
filter is composed of four layers of commercial yellow cellophane
sandwiched between 5 mil-thick, rigid plastic sheets. It is important
that this secondary filter be as thin as possible for maximum fluor-
escence dui.eclmn and minimum l'pot mgmﬁr.nﬁcm du.rlng exposure
of the graphic paper, T istics of all the
filters in the system were determined by measurement with a Perkin-
Elmer model 202 otometer.

The eritical element in the fluorographic app. is the panch
matic photographic paper which must be sensitive to light in the
range 600 to 750 nm where prophyrin derivatives fluoresce (Falk,
1965). Kodak Panalure photographic printing paper has a spectral
sensitivity from 400 to 680 nm fEutmm Kod.nt Cu personal com-
munication), It is readily obtained and is ive to chl
fluorescence.

The blacklight lamp with reflector and excitation light filter system
are mounted in a box that has a stop-aperature to minimize internal
light scattering. A sliding panel in the light path is located below the
liquid filter and above the chromatogram and is used as a shutter for
controlled exposure periods. Before exposure, the yellow filter is
placed over a sheet of photoprinting paper, and the developed
chromatogram is placed over the yellow filter. With TL chromato-
grams having sucrose or cellulose adsorbent layers, the adsorbent
surface of the developed chromatogram is d with a p ive
| mil polyethylene film before placement, adsorbent surface down,
on the yellow filter. Thus, the excitation light passes through the glass
mupport of the chromatogram, and the fluorescing spots are close to
the photographic emulsion. The chromatogram is held in close
contact with the yellow filter and photographic paper by a piece of
plate glass or in a photographic enlarging easel. This assembly is
inserted into the box along guides which provide precise registry of
the chromatogram in the light field at @ 10-cm distance from the
lamp. The of must be d in a darkroom illuminated
only with dim yellow-green or amber safelight because of the broad
spectral sensitivity of the Kodak Panalure paper emulsion. Exposure
times of 45 to 90 seconds are routinely used. Chromatograms on
Whatman No, | paper require generally shorter exposures, while
Whatman 3 MM and sucrose TL chromatograms require longer ex-
posures for dmil.lr spot recording. The exposed photographic paper
is then developed as rec ded by the f er.

{
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Preparation of Chlorophyll Pigment Solutions.

To demonstrate the effectiveness of the fluorographic technique in
analysis for pigment purity, fresh and aged extracts of henbit
(Lamium amplexicaule L.) leaves were chromatographed, then
fluorographed. One leaf sample was extracted by maceration with
80% aqueous acetone, then the brei was centrifuged free of debris.
This extract solution was aged by exposure to room light and sir for 5
hrs before chromatographic analysis. A second leal sample was simi-
larly ext ‘bmlhe tract was ch phed within 15 min
after i of the two (measured
onthﬂbui:dthdrli'huhmdmu&ﬁnmdnmmmw}
were applied to the same chromatogram.

Sensitivity of detection by the fluorographic method was tested by
chromatographing a mhlm of chlorophyll a and ph:ophydn a. For

this test, a ch pure of the p from
leaves of mung bean (Vrgm mdh:n [L.] Wilczek) was prn‘plmd as
foll an of the tissue was mixed with petroleum

ether; the pigments were transferred into the ether layer by addition
of water; the epiphase was partitioned with an equal volume of 90%
aqueous methanol 1o extract the unthnphylll then the epiphuic
P ether sol was hed on &

dered sugar ding to Smith and Benitez (1955), Mter
dnvulupmut the blue-green zone and part of the more mobile grey-
green zone were removed from the column, and the pigments were
eluted from the adsorbent with diethyl ether. Thnabmrpﬁonqnc
trum of this solution was measured, and the amounts of c!
and pheophytin a were calculated from the absorbance values at 110
nm and 430 nm and the molar absorptivities of these pigments (Smith
and Benitez, 1955), The molar ratio of chlorophyll a to pheophytin a
in the solution was 1.8:1. Amounts of total pigment from 0.5 1o 5.0
nmol (0.29 to 2.9 pg and 0.16 to 1.6 ug of chlorophyll @ and pheophy-

tin a, respectively) were applied to the ch »gram
Paper Chromatography.
Pigr were appli ‘ulpal.lnurmnndoisx 17 cm
shcnl;lol\lf‘ t No. 1 or Wk 3 MM chr g ,puper
were limited to minimi 1 g of the

l:kmnulugnml (Strain, Sherma, and Grandoflo, 1968). Alumding
development of the chromatograms with mixtures of acetone,
benzene, and petroleum ether (b,p. 60-100 C) gave resolution of the
chlorophyll derivatives as distinct spots within a solvent migration of
ca, 13 cm which required 25 to 30 min at room temperature. All sol-
vents were reagent grade, Routinely, a developing solvent of ace-
tone-benzene-petroleum ether, 1:5:5 (v/v), gave sufficient resolution
of the chlorophyll derivatives, and the spots remained stable for
P to light during MMuorography. Solvent systems con-
taining more polar T e.g. 1-propanol, contributed to the
rapid bleaching of some of the red-fluorescing spots during fluorog-
sphy. All mnnlpullliom for developing and preparing the chroma-
togram for (1 graphy were di ‘indhnmmlighlordlrk
ness to minimize degradation of the The devel
chromatograms were air-dried before l'luumgnphy No special tech-
mquumused to enh the fl of spots on the

When ded for futun reference, thu orilin Hm
and solvent front line on the devel 1 k
with a small spot of 0.3% (w/v) nqucnm Eodu Y mluﬁon near each
end of the lines. Fluwmnceuflhedyein the spots was recorded
during Muorography and allowed ion of the ch
togram and Muorogram during rubuqucnt analysis.

RESULTS AND DISCUSSION

The fuorographic technique reported here, in combination with
paper and TL chromatographic analyses, has been useful for asses-
sing the purity of chlorophyll derivatives, for estimating the extent of
pigment degradation in leaf extracts and chlorophyll preparations,
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and for detecting unsuspected chlorophyll derivatives in certain pig-
ment preparations. These aspects are ill d in the fuc

the original nuotugrum but the spot was lost during photographic re.

shown in Figure 2.
Figure 2A shows a fluorogram of the simultaneous chmmalo—
graphic analysis of two extracts of Lamium leaves, Ch

production for publication.) By comparison, only 1.1 nmol pheophy.
tina and 1.9 nmol chlorophyll a could be detected by the color of thy
spots in white light. These results also illustrate that detection is mor,

soparation of pigments in the fresh extract (Fig. 2A.1.) shows the
presence of chlorophylls @ and b and some ph:ophyll.in a (near the
solvent front). Similar analysis of the p inan that was
exposed to room light and air for § hrs before chromatography (Fig.
2B.ii.) shows the effect of destructive “aging” on the chlorophyll pig-
ments; more pheophytin a was present, as well as two additional red-
Mluorescing pigments near the origin. Based on R, characteristics in
the chromatographic system used, the pigment at the origin was
probably “oxidized chlorophyll” and that of R; = 0.07 was probably
chlorophyllide a which was produced by enzyme-catalyzed
hydrolytic cleavage of the phytyl group from the chlorophyll a. The
spots of both these low R, compounds could not be detected on the
chromatogram by their color in white light.

Sensitivity of the fluorographic technique is illustrated in Figure
2B. In this chromatographic analysis of various mixtures of chloro-
phyll a and pheophytin a, the lower limits of detection by fluorogra-
phy are indicated as 0.18 nmol (0.16 ug) pheophytin a and 0.65 nmol
(0.58 ug) chlorophyll a. (Chlorophyll a was recorded at 0.32 nmol on

Figure 2. Fluorograms of paper chromatographic separations of
chlorophyll derivatives, Ca = chlorophyll a, Cb = chlorophyll b, Pa
= pheophytin a, 0 = origin,

Figure 2A: Chromatographic separation of pigments present in a
fresh Lamium leaf extract (i) and of those present in an aged Lamium
leaf extract (ii).

Figure 2B: Chromatographic separation of various amounts of a
mixture containing chlorophyll @ and pheophytin a (ratio of chloro-
phyll to pheophytin = 1.8:1); numbers below origin indicate the
nanomoles total pigment applied at each spot.

for some chlorophyll derivatives than for others, ¢
pheophytin a could be detected at levels 2- to 5-fold less than coyjy
chlorophyll a. As suggested by the evidence in Figure 2B, the fluor.

hod can be semi-q itative for detection of chlorophy||
derivatives on chromatograms. However, self-absorption of chlorg.
phyll ¢ fluorescence probably limits not only the sensitivity of detee.
tion but also the reliability of quantitative measurement of this pig.
ment by fluorography. Therefore, application of this technique 1o
quantitative analysis of individual chlorophyll derivatives (and
porphyrins) must be established for each compound using stand
ized chromatographic and fluorographic methods.

This Muorographic technique may be a useful adjunct to paper or
TL chromatographic analysis of porphyrin derivatives in genera),
Any fluorescence-exciting light source that emits light at 380 1o 450
nm, the range of Soret band light absorption of the porphyrins (Falk,
1964), can be employed. The secondary filter interposed between the
chmmato;mm and the photogrlpluc paper must be selected for

istics li any light from the exciting

source that will cause hankgmuad fogging of the photographic paper.
This filter should also be highly transparent to the fluorescence
emiited by the spots on the chromatogram. Although only one photo-
grlphic printing paper (Kodak Panalure) has been used for fluorogra.
phy ln this study, nny photoprinting paper with a red-sensitized,
hould be adaptable to the ﬂuomg:rlplly of

porphynn:pouon h grams, Useful of the technique can
be ded by modiﬂ jons of the ct ygram before fluorogn-

phy. For ! of the 1 by p

of the chromatomm with iso-octane I‘Blumc'r 1956) lhm:ld. increase
the sensitivity of d ion of trace comg is in & porphyrin miz-
ture. Also, since some metal chehm of porphyrins do not fluoresce
or fluoresce only weakly (Falk, 1964), their presence on chromato-
grams could be detected by their Soret band absorption. In this case
the developed chromatogram should be sprayed with a solution of a
fluorescent substance (Blumer, 1956), dried, then fluorographed
without the secondary filter in place so that the blue-violet light
absorbing spots would be recorded as white spots on a dark back-
ground.
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