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Abstract—During aerobic autolysis and in commercial curing, the bulk proteins of tobacco leaves become coupled

with quinic acid, presumably in consequence of coupling of chlorogenic acid congeners with lysine e-NH, groups.
Quinic acid derivatives, prepared from acid hydrolysates of such altered proteins, were identified by GC-MS. Such
proteins were also hydrogenated over Rh/AL,O, with a view to stabilizing the hypothetical linkages. Difficulties in
removing contaminant Al had to be overcome. Evidence was then obtained (by GLC of derivatives) for several
components, in acid hydrolysates of hydrogenated altered proteins, which were neither normal hydrogenation
products of the common amino acids nor derivatives of quinic acid. Details of the chromatograms and mass spectra
of quinic acid derivatives are provided in a supplementary publicationf.

INTRODUCTION

There is now a considerable accumulation of evidence
that nutritionallv important amino acid residues in
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proteins may undergo deleterious modification in the
presence of oxidizing polyphenols [1-4]. In particular,

such reactions mav diminish the availabilitv of lveine in
such reaciions may ciminish {ne avauasuity of lysine in

the products of ‘green-crop fractionation’ [5]. In an
earlier paper from this laboratory [ 6], model experiments

were Anenruhnr‘ ‘ll"\lf‘"\ cnnnacfnﬂ that nohﬂvhn hudrn -
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tion may prove a useful technique for chemically stabi-
lizing, and thus identifying, the alteration products from
lysine residues. A more recent paper [3] gave evidence,
mainly based on a colour reaction, for the coupling of
chlorogenic acid congeners with leaf proteins there was
simultaneous diminution of their ‘total’ and yui‘:i‘ﬁicau_y
available’ lysine contents. These effects were particularly
strong in tobacco leaves (N icotiana tabacum L) under-
EUllls acr UUIL dulUlyblb lll l.llC pleCllL papc1 we qubllUC
the techniques which we have developed for isolating
some of the various hydrolysis products from such
hydrogenated proteins, and for assessing the extent of
hydrogenation of the normal protein constituents. We
have also, by GC-MS of derivatives, obtained more

direct evidence that quinic acid (presumably as a moiety
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of chlorogenic acid congeners) becomes bound to
tobacco-leaf proteins during aerobic autolysis.

RESULTS AND DISCUSSION
Do nifinatiom of minn acide and thaiv Adorivatinoee aftor
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hydrogenation of proteins
The hydrogenation conditions which had been found
aquﬁ\,tGl_y' LUJ involved the use of rhodium metal
(deposited on aluminium oxide) suspended in 709, (v/v)
aqueous acetic acid, which has proved a good solvent for
bulk pldul prmems LU, I_| In the course of reactiou,
substantial dissolution of the aluminium oxide occurred.
Dissolved Al®* was well retained on catlon—exchange
resin columns, and did not interfere with amino acid ana-
lyses of acid hydrolysates under Moore and Stein’s con-
ditions. However, some of the substances for which we
were searching could not be ex pected to leave the column
under these conditions. We did not explore elution with
buffers of higher pH. However attempted desalting by
absorbing the amino acids of a hydrolysate onto H {*-resin
and subsequently eluting them with aqueous ammonia
led to substantial simultaneous elution of aluminium, and
therefore was not pursued further. An attempt to desalt
the hydrogenated protein before hydrolysis, by chromato-
graphy on G-25 Sephadex in 709 (v/v) aqueous acetic
acid, gave substantiai, but stiil incompiete removai of
aluminium. This (presumably by ‘mordanting’ effects)
interfered with zone-electrophoretic separations on filter
paper, when these were attempted on the protein
hydrolysate. An attempt to remove Al cations by
electrodialysis of the hydrogenated protein in a 3-
compartment ceil (with cellophan membranes) in 70%
acetic acid was likewise unsuccessful. Perhaps these
troubles could have been avoided by using rhodium
deposited on carbon for the hydrogenations.
We eventually got satisfactory results by hydrolysing
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the protein in the presence of the aluminium salt and
then converting the amino acids of the hydrolysate to
their heptafluorobutyrylated n-propyl esters [8]. These
were then dissolved in chloroform for successive washing
with weakly alkaline and acidic aqueous phases, which
removed the aluminium compounds. The derivatives
remaining in the chloroform phase could then be studied
by GLC [8]. Such derivatives show, on electron-impact
MS, substantially more complex fragmentation patterns
than those given by acetylated amino acid methyl esters
[9, 10]; this hinders deduction of structures, at least until
more experience with MS of this group has been gained.
We accordingly tried to free acetylated methyl esters of
amino acids from aluminium by the above procedure.
Substantial losses of these derivatives into the aqueous
phases were incurred. Later, by model experiments, we
found that free amino acids can be regenerated in good
yield by acid hydrolysis of their heptafluorobutyrylated
n-propyl esters, making them available for rederivatiza-
tion with whatever groups seem most suitable [10].
Derivatization and GLC of acid hydrolysates of bulk
leaf-protein preparations gave several zones not attribu-
table to amino acids. We took these to originate from
fatty [11] and aromatic [12] acids bound to the leaf
proteins and, occasionally, from plasticizers present as
contaminants of our apparatus, reagents or solvents.
With acid hydrolysates of fresh tobacco-leaf bulk protein,
carefully prepared under nitrogen [7], extraction of the
hydrolysate with chloroform removed all these zones,
and only zones attributable to the common amino acids
were seen [8]. Such initial chloroform extraction was
therefore always done routinely, before derivatization.

Identification of quinic acid derivatives

When ‘aerobically autolysed’ tobacco-leaf bulk pro-
tein or cigar-tobacco protein was worked up, several
new GLC zones were encountered (Fig 1c). In view of
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Fig. 1. Segments of gas-liquid chromatogram profiles relevant

to quinic acid from derivatized materials [8]: (a) quinic acid

subjected to protein-hydrolysis treatment; (b) co-chromatogram

of (a) with (c); (c) hydrolysate of cigar-tobacco protein. Zones

A-G are discussed in text. For more complete treatment, see
Supplementary Publication.
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previous evidence for binding of chlorogenic acid to the
protein [3], 2 model experiment was done in which
quinic acid was subjected: (a) to derivatization, washing
and GLC (Annex 1): (b) to acid hydrolysis, as for protein,
followed by the entire routine analytical procedure (Fig.
1a). Co-chromatography (Fig. 1b) of this last mixture
with the mixture of Fig. ¢ showed that all the unknown
zones therein could be explained as derived from
quinic acid. Presumably these various zones are deriva-
tives of products of epimerization [13, 14], lactonization
(quinides) [13, 14] and/or dehydration (shikimic acid
and its epimers) [15]. The novel zones (Fig. 1c) from
cigar-tobacco protein gave MS closely similar to those
from the letter-marked zones (Fig. la) derived from
quinic acid (Annex 2). Experiments by partition chrom-
atography on cellulose [16] designed to detect hydro-
quinone and p-hydroxybenzoic acid (reported on heating
quinic acid in HCI at much higher temperatures [17])
gave negative results. It was further shown, by their non-
retention on a cation-exchange resin, that the substances
yielding the GLC zones supposed to be derived from
quinic acid (Fig. 1) were devoid of basic groups (see
Experimental). These were the only GLC zones found
after the ion-exchange treatment. It thus seems that
quinic acid congeners are the only water-soluble,
chloroform-insoluble acidic or neutral compounds which
are released from the aerobically-autolysed protein
fractions on acid hydrolysis and give, on derivatization,
GLC zones having retentions in the range under study.

Extent of hydrogenation of the ‘protein’ amino acids

The GLC technique, as thus developed, gave a good
measure of the conversion of methionine to 2-amino-
butyric acid (Annex 1). However, the main hydrogenation
product of phenylalanine and tyrosine, 3-cyclohexyl-
alanine, gave a zone coinciding in position with that from
phenylalanine [8]. Minor hydrogenation products from
tyrosine, possibly hydroxycyclohexylalanines, were sug-
gested by GLC; model experiments showed other new
zones to coincide with diastereoisomers of octahydro-
tryptophan (Annex 1). The extent of conversion of
phenylalanine and tyrosine to 3-cyclohexylalanine deriv-
atives was therefore better ascertained by ion-exchange
chromatography, 60-859%, conversion being usually
encountered [6]. These were the only changes noted on
hydrogenation of ‘fresh’® tobacco-leaf bulk protein
(Annex 1).

Hydrogenation products from ‘aerobically autolysed
tobacco-leaf bulk protein

After hydrogenation of ‘aerobically autolysed protein,
several ‘new’ zones were found in addition to those
already shown to be derived from quinic acid and dis-
cussed above. Zones in the same positions were found,
more prominently, with preparations from cigar. These
are being studied in more detail, in the hope that some
of them may prove to be derived from reaction products
of the e-NH, group of lysine residues. For this purpose,
it is proposed to conduct the GLC on a preparative
scale, with trapping [18] of zones of interest. Trapped
fractions can be hydrolysed to their parent amino acids,
whose derivatives may then be studied by MS after
methyl esterification, acetylations, permethylation, with
deuteriosubstitution as desired [10]. There was no sign,
on ion-exchange chromatograms of hydrolysates of
cigar protein (see Experimental), suggesting the presence



Tobacco-leaf bulk protein

of homocitrulline or 2-aminoadipic acid, reported from
tobacco protein by Weybrew and Long [19] and stated
by them to be ‘metabolites of lysine’. Perhaps there had
been foliar application of urea to the tobacco studied by
them, and not to our Cuban tobacco. Neither did we
find either amino acid by GLC ([8] and Annex 1) in the
protein from the aerobically-autolysed tobacco leaves
grown at this Institute.

EXPERIMENTAL

Materials. Tobacco-leaf protein (fresh’ and ‘after aerobic
autolysis’) and cigar protein were the ‘Bag contents’ fractions
described in ref. [3]. The hydrogenation catalyst was ‘rhodium
5% on alumina; catalyst grade’ (Koch-Light) [6]. DL.-Homo-
citrulline was prepared according to Kurtz [20]. Other chemi-
cals were obtained commercially.

Hydrogenation and hydrolysis. These were done as described
for ‘bulk protein of potato tuber’ [6]. Five or six additions of
catalyst, on successive days, were usually required before
hydrogen uptake diminished. Acid hydrolysis was usually done
under reflux, not in a sealed tube.

Removal of lipids etc., derivatization, removal of Al and GLC.
Acid hydrolysates of protein fractions etc. (whether hydrogen-
ated or not) were evapd to dryness in vacuo with repeated
additions of H,O until HOAc and HCI were largely removed.
To the residue was added 0.5M HCI (5ml) and the resulting
mixture was extracted x3 with redistiled CHCl, (B.P., 5ml
portions). The CHCI, extracts were discarded and the aq. phase
was made to vol. (10 ml) with water. Suitable aliquots of this
soln were subjected to derivatization [8] with the modifications
that: (i) for hydrogenated materials containing Al salt, the
treatment with propanolic-HCl was repeated once; (i) 2,6-di-
t-butyl-p-cresol (BHT) was omitted at the acylation stage, since
it gave its own substantial zone in an interesting region of the gas
chromatograms and since we were not concerned with quantita-
tive study of methionine and histidine. The oily residues, after
evapn of the acylation reagent with dry N,, were taken up in
'CHCI, (10 ml) and the CHCI; phase was extracted successively
with 0.1 M NaHCO, (5 ml), 0.1 M HCl (5 ml) and H,O (10 ml).
These aq. extracts were discarded and the washed CHCI, phase
was evapd to dryness at first in vacuo (with the flask in an ice-
H,0 bath) and finally in a desiccator over H,50,/NaOH at
room temp. and atmos. pres. The resulting residue was available
for GLC 8] experiments,

Hyadrolysis of derivatized amino acids: estimation of recovery
by ion-exchange chromatography. An acid hydrolysate of cigar

nrotein {ca 1 mo), which had been derivatized as qhnvp was then

protein (ca 1 mg), which had been derivatized as abo as then
subjected to hydrolysis by reiluxing for 24 hr in a mixture of
10M HCl (24 ml) and HOAc (1.6 ml). The hydrolysate was

nd in s 5 wi o additi of H O A
evapd to dryness in vacuo with repeated additions of H,O and

an aliquot of the residue was analysed for amino acids on a
Beckman 120C Amino Acid Analyzer [21]. Recovery of cystine
was 1490/ ~f tha atha:

Was 14 /g,

49, (lysine), based on the GLC [8] figures for the derivatized
mixture taken.
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An acid hydrolysate of hydrogenated cigar protein (ca 2 mg
was evapd to dryness the residue was taken up in H,O (1 ml)
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Richmond, Calif, U.S.A.). The bed was then washed with H,O
(5ml). The total aq. extract, on evapn and derivatization as
above, gave a GLC profile showing ali the zones (and only such
zones) at the positions seen in Fig, la.

Detection of 2-aminoadipic acid and homocitrulline by ion-
exchange chromatography. Mr. A. M. C. Davies writes: “Separa-
tion of these amino acids was achieved on a Technicon TSM
amino acid analyser equipped with a recently developed
microcomputer-controlled gradient-elution device [22]. Gradi-
ents of pH and sodium molarity were used to separate 2-amino-
adipic acid ahead of glycine and to elute homocitrulline between
cystine and valine. Neither amino acid was detected in the
cigar-protein hydrolysate but addition of the amino acids to the
sample produced peaks in the appropriate positions™.
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