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Abstract-A major metabolite of naphthalene l-acetic acid (NAA) is rapidly accumulated by tobacco mesophyll 
protoplasts induced to divide by this growth regulator. A comparison of the natural product with various chemically 
synthesized NAA-amino acid conjugates was performed. The metabolite was identdied as NAA-aspartate amide by 
negative CIMS. The biological activity of NAA-aspartate on protoplasts was further studied. The significance of the 
accumulation of this metabolite in dividing protoplasts is discussed. 

INTRODUCTION 

The physiology of plant protoplast division is still far 
from understood. Whilst protoplasts from a limited 
number of plant species (Nicotiana, Datum, Pefunin . . .) 
are able to divide those from other species are resistant to 
the induction of proliferation by various growth regu- 
lators. A comparison of the metabolism of growth 
regulator in dividing and non-dividing protoplasts should 
help to explain this difference. Tobacco mesophyll proto- 
plasts can be reproducibly induced to divide with a high 
efficiency [l]. Division 1s stringently dependent of the 
presence of auxm and cytokinin analogues such as 
naphthalene acetic acid (NAA) and benzyladenine in the 
culture medium. 

NAA is very rapidly taken up by cells (60-70x of the 
initial amount of NAA in the culture medium is taken up 
by protoplast cultures during the first day of incubation) 
and further metabolized [l]. The purpose of this work 
was to characterize the major metabolite being syn- 
thesized and accumulated in protoplasts, to prepare large 
amounts of the molecule and to study its eventual growth 
stimulating properties on protoplast preparations. 

RESULTS AND DISCUSSION 

Three metabohtes of NAA were detected m extracts of 
protoplast incubated m the presence of [14C]NAA. The 
major metabolite (Rf 0.40) accounted for approximately 
50 % of the NAA initially supplied to the cells [ 11. This 
metabohte was ether extractable from acidic aqueous 
solutions and was therefore thought to be an ammo acid 
conjugate of NAA since sugar conjugates are generally 
not ether extractable [2] and aspartate conjugates of IAA 
and NAA had been detected in different tissues of plants 
incubated m the presence of these auxins [3, 41. 

However, on negative CIMS analysis, the major metab- 
olite gave a diagnostic peak at m/z 255 which was 
mconslstent with it being an amino acid conjugate. Thus 

NAA-alanme amide would be expected to give a molecu- 
lar peak at m/z 257 and NAA-aspartlc amide would give a 
peak at mjz 301. A structure of the type NAA-putrescine 
monoamide would theoretically give a value of 256 M- 
or 255 [M - H] -. This last hypothesis was attractive since 
the involvement of phenylamines in ddl’erentlatlon pro- 
cesses has been described in several instances [5]. These 
various molecules were therefore synthesized. The struc- 
tures corresponding to the putrescine and alanme amide 
were rapidly eliminated without amblgulty on the basis of 
their R, values on TLC. 

The L-aspartic acid or L-glutamic acid conjugates of 
NAA were synthesized (Scheme 1) in order to do a detailed 
comparison of these molecules to the natural product 
extracted from protoplasts. The NAA amides were syn- 
thesized by reaction between the acid chloride and the 
t-butylesters of the amino acids in the presence of 
tnethylamme. The diacidamides 3 and 4 were obtained by 
the action of trlmethylsilyhodide on the f-butylesters 1 
and 2 in chloroform solution [7, 81. 

The physical data of the t-butylesters intermediates and 
of the fmal conjugates are gwen m the Expenmental. The 
mass spectra of the dlacid amides 3and 4 were performed by 
Negative Chemical Ionisatlon [9, lo]. The spectra were 
sometimes characterized by weak quasi molecular ions at 
m/z 301 and 315 respectively, the intensity of these ions 
depending upon the experimental conditions. The most 
prominent peaks were at m/z 255 and 269 respectively 
which corresponded to [301- (CO2 + HZ)]- and [315 
- (CO2 + HZ)]- ions where 2H represents the acidic 
protons. Monoaclds like NAA and NAA-alanine were not 
characterized by these diagnostic ions. Then spectra 
showed intense peaks at m/z 185 and 256 respectwely, 
representative of [M - H] - ions. 

We conclude that NAA-aspartate is indeed the major 
metabolite derived from NAA in protoplast cultures on 
the basis of the Identity of mass spectra of the natural and 
synthetic product. This 1s further confirmed by then 
identical TLC properties and by an analysis of the amino 
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Scheme 1. Syntheses of NAA-L-aspartate and L-glutamate amrdes. 

acid content of the natural product after acid hydrolysis 
(results not shown). The brological activity of synthetic 
NAAaspartate amide was further studied. Concen- 
trations as high as 150pM were unable to induce the 
division of mesophyll protoplasts when the conjugate 
replaced NAA in the medmm. These observations there- 
fore suggest that NAA-aspartate amtde 1s not biologically 
active and cannot substitute for the free auxin, most 
probably because the amide bond is not rapidly cleaved in 
protoplast cultures. The biosynthesis of the amide in 
protoplast therefore appears as a process of inactivation 
of the auxin supplied to cells rather than a mediator of 
auxm action. 

EXPERIMENTAL 

Plant material. Tobacco mesophyll protoplasts (N. tabacum cv 
Xanthr) were prepared from haplotd plants as descrtbed pre- 
vrously [6] After overnight digestton by cellulase, protoplasts 
were washed twrce and mcubated m medtum T, at a denstty of 7 
x 10“ p/ml. Protoplasts were Incubated generally tn the presence 
of 15pM NAA and 5pM benzyladenme Ftrst mttoses were 
observed 3 days after platmg. Platmg effictencres were generally 
htgher than 80% 

Extraction of NAA metabohtes from protoplast derrted cells. 

The metabohtes of NAA were Identified by TLC of extracts from 
cells labelled wrth [“‘CINAA [l]. The purtficatton of large 
amounts of these metabolites was performed from lo8 proto- 
plasts Incubated for 4 days m the presence of 15 yM NAA Ceils 
were washed ( x 2) wtth sahne osmotrcum, and cell pellets were 
then extracted twtce with 90% EtOH. The extracts were coned 
under vacuum and subjected to TLC on sthca gel HF 254 
developed wtth CHCIs-EtOAc-HCO*H (5.4 1). Fluorescent 
spots were eluted wtth 90 y0 EtOH and used for further analysrs. 

Physicalmerhods Mass spectra were recorded ma VG ZAB.ZF 
mass spectrometer wrth a hrgh pressure source. Iomsatron by 
negattve charges OH - was made usmg a mtxture of N#-CH4 tn 
a ratto 1 10 to produce under 1 torr pressure the reagent rons 
OH- (filament current = 0.2 mA, tons acceleratton = 8 kV and 
source temperature = 160”) [ 111. 

Syntheses of mzermedlates and amtdes The ammo actds, the I- 
naphthylacetrc acrd and the dtfferent reagents used tn thts work 
were purchased from commerctal sources and were used without 
purrficatron. (a) Intermedrates. 4 x 10’ moles NAA (7 44 g) were 
dtssolved wtth sttrrmg under N2 m 50ml dry C,H6 and 25 ml dry 
Et,0 tn a vessel cooled by an tee bath Two drops pyrrdme were 
added to the soln, then 3.45 ml oxalylchlortde dtluted m 50 ml dry 
benzene were added dropwtse over a pertod of 1 hr wtth raped 
strrrmg The soln was left overmght to warm to room temp wtth 
contmuous sttrrmg. An IR spectrum showed the dtsappearance 
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of NAA absorptlons 3200 and 17lOcn-’ The acid chloride was 
characterized by carbonyl absorption at 1795cm-’ (CHC& 
soln). (b) Synthesrs ofamrdes t-butylesters 1 and 2. The synthesis 
of NAA-L-aspartate t-butylester amide is described as an exam- 
ple In a vessel cooled m an Ice bath, 1.84 x 10m2 moles of L- 
aspartate t-butylester (4.5Og) was dissolved mto 51 ml dry Et,0 
and 4.20ml dry EtBN. Under N2 the above soln of acid chloride 
was reduced m vacua to half vol and then added dropwlse with 
contmuous stlrrmg to the aspartate t-butylester soln under N2 
After 3 hr, the mixture was allowed to warm to room temp After 
neutrahzation of the soln by sohd NaHC03, followed by 
filtration, the mixture was washed ( x 2), dried over K2COo and 
the solvents removed m tacuo. The yellow 011 residue was 
chromatographed on s~hca gel H and eluted with mcreasmg 
amounts of Et,0 m hexane The colourless oil isolated showed 
only a smgle spot on TLC m hexane-Et*0 (2.3) after lrradlatlon 
with a UV lamp at 254 nm Yield after chromatography, 85-90 %. 
(c) Dtacld armdes 3 and 4. Among the methods we have tried, 
the best one 1s that descr&ed by Jung and Olah [7,8] m CHCll 
soln Other methods, hke acidic methods in various solvents do 
not give good results or poor yields of impure materials 

In a vessel cooled m an Ice bath, 1.315 g ANA glutamate amide 
t-butylester was dissolved m 25 ml CHC13 (distilled over P,O,) 
Under N,, 1.25 ml of Me,%1 was added dropmse from a syringe 
with rapld magnetic stlrrmg. The flask was kept at 0” for 24 hr In 
the case of aspartate amide the reactIon was carried out at 0” and 
completed after 30 mm. The reactIon was worked up by 
quenching with a chilled 5 % NaOH soln (50ml) and extractmg 
the aq soln ( x 2) with 25 ml CHICII. The basic aq. soln was made 
acidic by adding cautiously a clulled 10 % HCI soln until the pH 
= 3 to 2. In most cases, the diacld was preclpltated The Isolated 
crystalline cake was washed with Hz0 untd neutral then with 
cold CHCl,. The yield (crystalhzed white material) was 73-85 %. 
The dlaclds were crystallized laboriously from EtOH or a 
mixture of C,Hs-MeOHCHCIa (x 3) before use Mps. com- 
pound 3,17&172” compound 4,188-191”. (d) Spectroscoplcand 
physIcal data of compounds 14. The IR spectra (neat) of the 
amide t-butylesters were characteenzed by absorption bands at 
3300, 1730, 1665, 1600 and 1100cm-’ ‘HNMR (60MHz, 
CDC13, TMS as mt. standard): NAA-L-aspartate amide 1. 
6 7 l-7.95 (7H, M, naphthyl rmg), 6 37 (lH, d, NgXH, J = 8 Hz), 
4.63 (lH, dt, NHCH, J = 8 Hz and 4 Hz), 4.00 (2H, s, naphthyl 
CH2), 2 65 (2H, I, CH-C&, J = 4 Hz), 1.30and 1 17 (9H and 9H, 
2s, 2COOCMe,) NAA-L-glutamate amide 2: 67.3ti.05 (7H, m, 

naphthyl ring),, 6.03 (lH, d, NEXH, J = 8 Hz), 4 50 (lH, m, 
NHCB, 4.03 (2H, s, naphthyl CI&), 2.00 and 1.80 (4H, m, 
CH,CH,), 1.35 and 1 10 (9H and 9H, 2s. 2 COOCMe3). 
13C NMR (20 MHz, Fourier transform mode, CDCIJ, TMS as 
mt. standard): 1: 6 170.4, 169 6, 169.5 (each C=O), 134.0-123.8 
(naphthyl ring), 82 (CH.COO.CMe,, 81 3 (<Hz COO CMe3), 
49.2 (NH-CH),41.5 (naphthyl-CH,), 37.4 (<H-C-H,-)and 27.8 
(-Cm,); 2: 6 171.9,170.6,170 5 (each C=O), 134&123 8 (naph- 
thy1 ring), 82.1 (-CHCOOC_Me& 80 5 (XH2COO-CMe,), 
52.2 (NHCH), 41 6 (naphthyl-CH,), 276 (CH-CH,-), 31 2 
(XHCH,CH2X), 28.0 and 27.8 (Cm3). ORD values 

589 578 546 436 nm 
I [ah = 

+42.6 +44.4 + 50.6 +875 
(c 2 435, CH&) 

The correspondmg values for 2 (c 2 816, CHQ), 3 (C 1 680, 
95 “/ EtOH) and 4 (c 2.095,95 7; EtOH) were - 6.9, - 7 2, - 8.2, 
-14.7, +104, +108, +12.1, +18 1; -73, -76, -86, -14.8 
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