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After 4 days, most of the cells remained on the surface
of the solid medium as spherical clusters of about 20-50
cells, but some were found to have migrated through the
medium, appearing as flattened individuals on the floor
of the dish. In subsequent experiments, therefore, the
cell suspension was inoculated directly on to the floor
of the dish, after cutting a central 5 mm well through the
whole thickness of the medium. After incubation for 14
days these cells had proliferated centrifugally beneath
the gel to produce a circular monolayer about 1 cm in
diameter clearly visible to the naked eye (Figure 1). Sub-
cultures into fluid medium showed that the cells survived

Fig. 2. Pattern of distribution of 316 fibroblasts after 14 days in-
cubation. Haematoxylin and eosin. X 7.
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in these conditions up to 6 weeks after inoculation, with-
out any further addition of medium. This long survival
suggests applications as a transport medium.

The experiment was then repeated using smooth
muscle cells, cultured in vitro from explants of pig aortic
media. These cells did not survive, so the experiments
were again repeated using, instead of agar, 39, agarose
(initially agarose F.3083, later Indubiose A.45, L’Indus-
trie Biologique Francaise, S.A.). This change was sug-
gested by CUTLER’s use of agarose-containing media?®, in
a very similar system, for the detection of neutrophil
chemotaxis. In agarose medium, the smooth muscle cells
flattened on the floor of the dish and survived for up to
3 weeks beneath the medium close to the central well; the
rate of cell proliferation was much less than that of the
3T6 fibroblasts, but for the present purpose that is of no
consequence.

Experiments are now in progress in which materials
are introduced into shallow wells in the periphery of the
medium. These experiments suggest that the distribution
pattern of the cells can be modified by this means; and
therefore that the technique is suitable for the detection
of both chemotaxis and growth-promoting substances
(GoLp, TavLoRr, LEVENE and MITcHINSON, unpublished
results).

An experiment can be concluded at any convenient
time by fixing the adherent cells in situ by the addition
of fixatives such as formol saline and then tipping the
solid disc of medium out of the plate. The cells can then
be stained by various routine methods (e.g. haematoxylin
and eosin) but, because xylene dissolves the plastic,
araldite should be used as the mountant. In this way a
permanent record of the growth pattern is obtained
(Figure 2). We believe the technique has broad appli-
cations.

3 J. E. CurLEer, Proc. Soc. exp. Biol. Med. 747, 471 (1974).

Blood Plasma Investigations by Resonance Raman Spectroscopy: Detection of Carotenoid Pigments

A. J. Reiv, D. D. SarersTEIN, S. H. PiNEs and P. C. Raprick
Merck, Shavp and Dohme Reseavch Labovatovies, Rahway (New [Jevsey 07065, USA), 19 March 1976.

Summary. Using Raman spectroscopy, we demonstrate that low levels of §-carotene, lycopene, and xanthophyll give
rise to resonance enhanced bands in blood plasma. These results explain the significance of previously unidentified
spectral maxima which have been related to the state of health of the blood donor.

In 1974 Larsson and HELLGREN! reported that both
the Raman and fluorescence spectra of human blood
plasma change markedly depending on the state of health
of the individual. The laser Raman spectrum of blood
plasma exhibits three scattering maxima superimposed
on a fluorescence background. We now report that these
previously unidentified bands? arise from the carotenoids
in blood plasma, and thus report the direct detection of
carotenoids in blood plasma by resonance Raman spectro-

SCOpy.

Resonance Raman spectra (cm~!) in chloroform

Carotenoid pigments are intensely colored, and through
the coupling of electronic and vibrational modes give rise
to a resonance enhanced spectrum which can be detected
at 10-7 M %3, Previous work has shown that carotenoids
are carried by plasma proteins at levels of ca. 10-% A4,
Thus, we believed that direct observation of carotenoids
by the resonance Raman technique should be possible.
Repetitive measurements on human blood plasma showed
the three maxima at 1517, 1157 and 1005 cm~* (Figure a,
Ar+ laser at 514.5 nm). These frequencies and relative

p-Carotene Lycopene Xanthophylls

Lit.%:3 Authentic sample® Fraction I Lit.%3 Fraction IT Authentic sample® Fraction ITI
Yy 1527 1523 1523 1516 1516 1525 1525
V1 1158 1157 1157 1156 1155 1158 1157
Vg 1006 1006 1006 1004 1004 1007 1005




15.10. 1976 Specialia 1353
Visible absorption spectra (nm) in #-Hexane

p-Carotene Lycopene Xanthophylls

Lit.® Authentic sample® Fraction I Lit.® Fraction IT Lit.”  Authenticsample®  TFraction III
1. 482 474 474 506 497 480 471 468
2. 451 449 449 476 467 450 443 441
3. 430 427 427 447 438 - 421 421

» All trans-f-carotene (Aldrich); » Vegetable lutein (ICN).
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Resonance Raman enhanced vibrational spectra of a) blood plasma
(heparin, subjects fasted 12 h}; b) petroleum ether extract of alcohol
denatured blood plasma in chloroform, and ¢) f-carotene (Aldrich)
in chloroform. Excitation by 5145 A from argon ion laser, power
20-100 m'W, scattered radiation analyzed at right angles to incident
beam by Cary 82 triple monochromator. Typical spectrophotomer
settings were: spectral band width 3 cm™, scan speed 2 cm/sec
and pen period 1 sec.

intensity ratios compare very favorably with those for
trams-f-carotene which are v, = 1523, »;, = 1157 and
v, = 1006 cm~1 (Figure ¢), and are similar to the resonance
Raman spectra of other carotenoid species? 3.

Since carotenoid protein binding might influence the
observed spectra, extraction and fractionation experi-
ments were carried out’. Human blood plasma was de-
natured with methanol and the resultant suspension ex-
tracted with petroleum ether. The Raman spectrum of the
concentrated petroleum phase (Figure b) showed the ex-
pected intensifications of the three carotenoid bands
which occurred at frequencies identical to those of un-
treated blood plasma (Figure a). .

Fractionation experiments were carried out to deter-
mine the contribution of specific carotenoids to the total
Raman spectra. Three colored bands were obtained by
a chromatographic method employing eluants of increas-
ing polarity?. .

The resonance Raman and visible absorption spectra
of the first fraction compared favorably to published
spectra of f-carotene® 3¢ and were found to be identical
to an authentic sample recorded in this laboratory (Table
and Figure c¢). The resonance Raman spectrum of the
second fraction was identical to the published spectrum
of lycopene, and its visible absorption spectrum compared
favorably to literature values® 3 6 (Table). Similarly, the
third fraction was in agreement with the resonance
Raman and visible absorption data for the xantho-
phylls3-7 (Table).

As indicated above, the current method for the detec-
tion and quantification of carotenes involves a time con-
suming procedure to extract the carotenoids from blood
plasma. The carotene level cannot be directly detected in
blood plasma using visible absorption measurements be-
cause of interference by other colored components, e.g.
bilirubin, which absorb in the same region. Thus, the
Raman spectrum (Figure a) showing the small but distinct
carotenoid bands of blood plasma is the first demonstra-
tion of direct detection by any method.

The original work of Larsson and HELLGREN! indi-
cated that the intensity of the bands as well as the fluo-
rescence background in blood plasma change drastically

1 K. Larsson and L. HELLGREN, Experientia 30, 481 (1974).

2 L. Rimar, R. G. KirpoNeN and D. Girr, J. Am. chem. Soc. 92, 3824
(1970).

3 D. Giri, R. G. Kirponex and L. Rimar, Nature, Lond. 227, 743
(1970).

4 C. Lona, Biochemistry Handbook (Van Nostrand, New York 1961),
p. 865.

5 D. H. BLANKENHORN, J. biol. Chem. 227, 963 (1951).

8 T. W. GooowiN, Chemistry and Biochemistry of Plant Pigments
{Academic Press, London 1965}, p. 88.

7 P. G. STECHER, Merck Index, 8th edn. (Merck, Rahway 1968),
p. 1120.
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in relation to the state of health of the individual. It is
well known? ? that carotenoid and vitamin A levels in
blood are directly related to diseases which affect the sites
of carotene metabolism such as the small intestines and
liver. It may become possible, therefore, to both detect
and investigate very specific disease states by examina-
tion of blood plasma using the rather unusual technique
of resonance Raman spectroscopy. Preliminary investiga-
tions of Rhesus monkey plasma in our laboratory gave
spectra similar to the resonance Raman spectra of human
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blood plasma. That subject and the relationship of Raman
spectra to further studies in human and animal health
will be the topic of future communications. We thank
Dr. D. Carro, P. KN1skeERN and J. Jacksox for providing
the Rhesus monkey blood.

8 L. Covacev and G. SaLomong, Ann. Ist. Carlo Forlanini 26, 349
(1966).
%Y. Yamamoro and S. TaNoka, Gann 58, 147 (1967).

Preparation of a Specific Ligand for the Purification of Arylsulfatases by Affinity Chromatography

C. DErapPPE and G. Durois!?

I.N.S.E.RM. U. 98, 17, yvue du Fer & Moulin, F-75008 Paris (France); and Labovatoive de Neuwvochimie C.N.R.S.
E.R.A. 421, Hépital de la Salpétrieve, 47, Bld. de ' Hopital, F-75634 Paris Cédex 13 (France), 23 Mavch 1976.

Summary. The reduction of p-nitrocatechol sulfate, the artificial substrate of arylsulfatases followed by a condensation
of a succinic anhydride, gives a ligand for the purification of the enzyme by affinity chromatography.

To purify arylsulfatases (EC 3.1.6.1.), several methods
were reported, using acetone precipitation?, C.M. Se-
phadex, G200 Sephadex, etc. Unfortunately, they in-
volved numerous steps, and active enzyme was generally
obtained in poor yield.

Affinity chromatography seemed to be an attractive
method to purify arylsulfatases from small quantities of
tissues. It was first tried by SLoAN et al.3 using psycho-
sine sulphate as ligand, but during this step the enzyme
was purified twice only. Moreover, psychosine sulphate
is not readily available because the sulfate group is very
sensitive to the acidic medium required for the cleavage
of the fatty acid4.

We have preferred to use the artificial substrate of the

enzyme, p-nitrocatechol sulfate (I) (p-NCS). This com-
pound cannot be used as a ligand as such because it has
no amino or carboxyl group to bind to the Sepharose 4B
CNBr activated matrix; the reduction of the nitro group
allowed to reach the required amino group (p-amino-
catechol sulfate: p-ACS). The well-known instability of
such aminocatechols to oxydation led us to protect it by
forming an amido group. This is the reason why we have
condensed a succinyl chain on the p-ACS. The resultant
amide should be much less oxidizable than the starting
amine. The two steps of this synthesis are shown in the
Formulae.

NO, NH, NH-CO—CH;~CH;-COOH
—r —
(|)(~V (ljt‘l ?(—I
O(-) 80(3') O(-) SO%") 0(-) SO‘g’
I I I

The instability of the starting product limited the
choice of the methods used for the reduction of the nitro
group. In acidic medium, sulfate group is hydrolyzeds3,
while in basic medium this aminophenol is quickly oxi-
dized; any increase in temperature favours this oxidi-
zation. The insolubility of the starting material in most
of the organic solvents excluded the reduction in anhy-
drous medium: the use of mixed metal hydrids seemed

hazardous. Hydrogenation over 5%, Pd/C at 50°C and
50 bars in aqueous ethanol 50: 50 (v:v) gives tars. Finally
we used 989, hydrazine hydrate over Raney Nickel in
aqueous solution?, which lead to the amino compound.
The condensation of the succinyl chain on the p-ACS pre-
vented effectively the oxydation of the ligand which must
be kept dry. Indeed, a slow darkening was observed after
several days in aqueous solution, corresponding to an
hydrolysis of the sulfate group (as seen by IR).

Expevimental. General procedure. p-nitrocatechol sul-
fate dipotassium salt was supplied from Sigma Co. UV-
spectra (water) were recorded on a Varian 635 M Spectro-
photometer. IR-spectra were performed as KBr pellets
using a Perkin Elmer 457 Spectrophotometer and NMR-
spectra on a Jeol C 60 HL apparatus using T.M.S. as an
internal standard.

p-Aminocatechol sulfate. 989, hydrazine hydrate (0.9
ml) and Raney Nickel (Merck) (1 g) were added to an
aqueous solution (20 ml) of p-nitrocatechol sulfate (500
mg). The mixture was stirred during 5 min until complete
decolouration. After filtration, lyophilization gave a grey
residue (II). UV (water): 245 nm; IR: 3380-3300 (NH),
1600 (aromatic C=C), 1245 and 1050 (sulfate group), 810
(aromatic C—H) cm~*.

p-Succinylaminocatechol sulfate. N-ethyl, N’-(3-di-
methylaminopropyl)-carbodiimide hydrochloride (400 mg)
and succinyl anhydride (300 mg) were added to an aqueous
solution (20 ml) of the preceding crude p-aminocatechol
sulfate. The mixture was stirred for 2 h at room tem-
perature and lyophilized. The residue was washed with
diethylether (4 x 20 ml) and dried with a stream of ni-
trogen. This compound (III} presented the following ab-
sorptions: UV (H,0) Amaz: 235 nm. IR: 3500 (OH), 3480
(NH), 1725 (acid), 1675 (amid), 1245 and 1050 (sulfate
group), 810 (aromatic C-H) cm~*. NMR (D.M.S5.0.d6):
62,1 (m,4H CH2),6,5(m,3H aromatic H).
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