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Retinoylserine and Retinoylalanine, Natural Products of the Moth
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Insect cells convert vitamin A into a number of retinoids that are evolutionarily conserved with those of
mammalian cells. However, insect cells also produce additional natural retinoids. Namely, two retinoic
acid peptides, N-trans-retinoylserine (1) and N-trans-retinoylalanine (2), have been isolated from a cell
line of the common cabbage looper, Trichoplusia ni. These are the first examples of naturally occurring
retinoic acid linked to amino acids through an amide bond; the amino acid moieties are depicted in the
more common L-configuration, although the absolute configuration was not determined due to the

minuscule sample amount.

In this report, we describe the characterization and
synthesis of N-trans-retinoylserine (1) and N-trans-retin-
oylalanine (2) isolated from insect cells (Figure 1). Vitamin
A is used in higher animals as a precursor for retinalde-
hyde, the universal visual pigment, and for retinoic acid
(3), which serves as an important transcriptional activator
in development and homeostasis. Furthermore, hydroxy-
lated forms of vitamin A, and indeed vitamin A itself, play
a broad role in signal transduction. Insect cells convert
vitamin A into a similar, evolutionarily conserved spectrum
of retinoids. However, the usage of vitamin A or all-trans-
retinol (4) in insects is an underexplored area. With the
exception of retinal, which represents the universal pig-
ment of all eyes! for both invertebrates and vertebrates,
the importance of retinol for insects is not known. Yet
indirect signs of systemic vitamin A usage have been noted.
These include observations that retinoids have profound
effects on the development of invertebrates and vertebrates
alike.? Since the RAR (retinoic acid receptor) and RXR
(retinoid X receptor) classes of retinoid receptors3* do not
make an appearance in evolution until the vertebrate
boundary, mechanisms other than retinoic acid-mediated
gene regulation are implicated for invertebrates.? In fact,
biochemical evidence in flies and moths shows that vitamin
A is consistently metabolized to hydroxylated forms: 14-
hydroxy-retro-retinol (5) (14-HRR, enantiomeric mixture)
and 13,14-dihydroxyretinol (6) (DHR, configuration un-
known).%7 Additionally, the rare metabolite anhydroretinol
(7) (AR), first encountered in mammals,® was found in
Drosophila cell lines, while the enzyme retinol dehydratase,
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used in AR biogenesis, was isolated and characterized from
Spodoptera frugiperda cells.? Finally, retinol-binding sites
on the conserved zinc-finger fold of the Drosophila kinases,
cRaf (serine/threonine Raf kinase family member C) and
PKC (protein kinase C), have been identified.1%1! Although
perhaps no more than fossil footprints, they hint at a
primordial function of vitamin A in signal transduction.
These observations suggest a picture of widespread vitamin
A metabolism and usage in insects.
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While surveying the natural vitamin derivatives of a cell
line derived from the moth Trichoplusia ni (Walker, 1858),
we encountered retinoyl amides of the amino acids serine
and alanine. Although retinoyl esters of a number of
mammalian proteins were reported,!?!3 amino acid deriva-
tives of retinoic acid as natural products have not been
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Figure 1. Contour plot chromatogram, C1s HPLC, of Trichoplusia ni Hi-5 retinoids. Cells were grown for 24 h in the presence of (A) retinoic acid
(8) or (B) all-trans-retinol (4); inset C shows UV spectra in MeOH. HPLC peaks denote the following: peak 1, N-trans-retinoylserine (1), Amax 350
nm (broken line in inset C); peak 2, N-trans-retinoylalanine (2), Am.x 336 nm (dashed line in inset C); peak 3, all-trans-retinoic acid (3), Amax 336
nm (solid line in inset C); peak 4, butylated hydroxytoluene; peak 5, 14-HRR (5); peak 6, 13-cis-retinol (8); peak 7, all-trans-retinol (4). The shifts
in UVpax of 1, 2, and 3 cannot be fully rationalized at this stage. The OH group in 1 could be contributing to the 14 nm red shift relative to 2 and
3. It is possible that H-bonding partially reduces the bond order of the amide carbonyl, thereby increasing polyene conjugation with the amide

nitrogen.

identified previously. Synthetic N-retinoyl amino acids
were previously tested, though, for efficacy in controlling
differentiation of epithelial cell lines.!415

Cultured cells are normally supplied with vitamin A by
fetal bovine serum. To create defined culture conditions,
the Hi-5 insect cells were grown in the presence of 10 uM
retinol. The retinoids produced by metabolic conversion of
vitamin A were extracted with BuOH and separated by
HPLC on a C;g column, using a HoO/MeOH/CHC]l; gradi-
ent. A contour plot chromatogram of Hi-5 retinol metabo-
lites revealed, in addition to peaks 1 and 2, the following
known retinoids: peak 3 (RA, all-frans-retinoic acid, 3),
peak 5 (14-HRR, 5), peak 6 (13-cis-retinol, 8), and peak 7
(trans-retinol, 4) (Figure 1A). These were identified by their
UV absorption spectra and comparison of HPLC retention
times with reference standards.® DHR (6) was also observed
in some instances.” The peak eluting at 18 min represents
the antioxidant butylated-hydroxytoluene (BHT).

Peaks 1 and 2 represented two unknown compounds (1
and 2) with UV absorption maxima at 350 and 336 nm
(Figure 1C) and retention times of 14.9 and 16.0 min,
respectively. While retention times differed between HPLC
runs, the retention time relative to the reference RA (3)
was reproducible. Compound 1 preceded RA (3) (peak 3)
by 2.2 min. Whether incubated with retinol for 3 or 24 h,
the composition did not change qualitatively, but the
amount of the hitherto unknown retinoids, notably 1 and

2, increased prominently over 24 h. The fact that RA (3)
also increased in quantity with extended incubation at the
expense of retinol suggested the genesis of a derivative of
RA (3). This was confirmed by substituting RA (3) for
retinol in the cell culture medium, upon which no com-
pound other than RA (3) and the two unknown retinoids 1
and 2 emerged in the extract (Figure 1B). Incubation of
control cell lines with retinol, including a large number of
mammalian lymphoblast and fibroblast cells lines as well
as Drosophila S2M3 cells, yielded neither compound 1 nor
2,8 indicating that the two do not represent chemical
artifacts but are specific for Hi-5 cells and are produced
by biochemical conversions. Although insects are known
to metabolize vitamin A, it was not known whether the
bioconversion products include compounds 1 and 2.

Upon scaling up the incubation and purifying the retinoic
acid derivatives to homogeneity, protonated molecular ions
were obtained at m/z 388 for compound 1 and m/z 372 for
compound 2 by ESIMS. These protonated molecular ions
were observed whether the incubations were carried out
with retinol (4) or RA (3) as the substrate. The molecular
ion m/z 387.2410 observed by HRFABMS corresponded to
a molecular formula of Co3H3304N (caled 387.2409). The
UV of compound 1 (Figure 1C) suggested that the retinoid
contained the full polyene chain of RA (8) and that the
remaining mass was likely to be due to the presence of the
amino acid serine. As the compound was resistant to alkali
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Figure 2. Synthesis of N-trans-retinoylserine (1) by condensation of retinoic acid (3) with resin-bound trityl L-serine.
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Figure 3. Protonated molecular ion ESIMS/MS spectra of natural (A) and synthetic (B) N-trans-retinoylserine (1).

treatment, attachment of serine to RA (3) was presumed
to be through an amide, as opposed to an anhydride or ester
bond.

Thus, N-trans-retinoylserine (1) was synthesized by
condensation of RA (3) with trityl-protected, resin-bound
2-chlorotritylserine (9), as shown in Figure 2. The ESIMS/
MS spectrum of both the natural product and synthetic
N-retinoylserine showed the same fragmentation pattern
(Figure 3).

The HRFABMS elemental composition of compound 2
was determined as Cg3H3303N (obsd 371.2464, caled
371.2461), corresponding to the molecular ion of N-trans-
retinoylalanine, which was then synthesized by condensa-
tion of RA (38) with L-alanine methyl ester, followed by ester
hydrolysis (Figure 4).

The identical ESIMS/MS spectra of natural and syn-
thetic products established the structure of compound 2
as N-retinoylalanine (Figure 5). The absolute configuration
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Figure 4. Synthesis of N-trans-retinoylalanine (2) by condensation of retinoic acid (3) with L-alanine methyl ester.
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Figure 5. Protonated molecular ion ESIMS/MS spectra of natural (A) and synthetic (B) N-trans-retinoylalanine (2).

of the amino acid moieties could not be determined due to
the miniscule amounts of the natural products isolated, but
they are depicted with the more common L-configurations.
While the biological roles of N-trans-retinoylserine (1)
and N-trans-retinoylalanine (2) are not known, as is indeed
the case for most other retinoids found in insect cells, these
may represent the prototypes of retinoyl peptides. In any
event, the occurrence of these vitamin A derivatives, along
with retinaldehyde, RA (3), 14-HRR (5), DHR (6), and AR
(7),679 bears witness to the richness of retinoid metabolism
in invertebrates. The biochemistry of these metabolites
represents a largely unexplored area of research that will
yield important information regarding the unconventional,
non-nuclear functions of vitamin A in the mammalian
species!® since invertebrates are likely to have vitamin A
pathways that are conserved in higher organisms.

Experimental Section

General Experimental Procedures. HPLC was per-
formed using an ODS column (Vydac, Hesperia CA, Cis 0.46
mm x 250 mm) and Waters Model 600E HPLC equipped with
a Model 996 UV photodiode array detector. LR- and HR-
FABMS were measured on a JEOL HX110A/110A tandem
mass spectrometer using m-nitrobenzyl alcohol (NBA) as the
matrix. EST and ESIMS/MS were measured on a Micromass
Q-TOF equipped with a Waters 2690 HPLC. Needle voltage
was 3000 V, and the collision energy for MS/MS was 30 V.

The collision gas was He. The 'H NMR spectra were recorded
on a Bruker 400 MHz NMR spectrometer.

Isolation of N-trans-Retinoylamino Acids. The Trichop-
lusia ni cell line Hi-5 (Granados, R.R. US 5 300 435, 1994) was
purchased from Invitrogen (Carlsbad, CA) and grown as
suspension culture in serum-free Express Five medium at 27
°C to a density of 2 million cells per mL. All-trans-retinol (4),
or alternatively RA (3), was added at a final concentration of
10 uM, and culturing was continued from 3 to 24 h. Control
cultures of Hi-5 cells without added retinol yielded no discern-
ible retinol metabolites. Cells were harvested, washed repeat-
edly with phosphate buffered saline, and extracted with
n-BuOH in the presence of added BHT by the method of
McClean et al.'” Retinoids were resolved on a Cis column by
HPLC using a HyO/MeOH/CHC]I; gradient as described.® A
photodiode array UV detector was used to identify eluted
retinoids. The Cis column was calibrated with authentic
retinoids RA (8), all-trans-retinol (4), 14-HRR (5), and DHR
(6) as standards. The molecular formulas of compound 1 and
2 were determined to be Co3Hj3304N (387.2419, calced 387.2409)
and Co3H3303N (371.2464, caled 371.2461), respectively, by
HRFABMS.

Synthesis of N-trans-Retinoylserine (1) (Figure 2).
N-trans-Retinoylserine (1) was synthesized by the scheme
shown in Figure 2: 0.25 mmol of L-Ser(Trt)-2-CI-Trt resin (9)
(AnaSpec, San Jose, CA) was swollen in 10 mL of CHyCl; for
10 min, drained, and reacted with 1 mmol of RA (8) dissolved
in 4 mL of DMF in the presence of 1 mL of DIC (V,N-
diisopropylcarbodiimide, Acros, Pittsburgh, PA), 20 mg of
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DMAP ((dimethylamino)pyridine), and 135 mg of N-hydroxy-
benzotriazole hydrate (HOBt) (Novabiochem, San Diego, CA).
A coupling efficiency close to 100% was achieved after 18 h.
The resin was washed with DMF, and the reaction product
(10) was cleaved from the resin by 1:2:7 mixtures of HOAc,
2,2,2-trifluoroethanol, and CH3Cly for 90 min at room tem-
perature. Product 1 (161 mg of crude peptide; 43% yield) was
purified by HPLC on a C4 column (Vydac, Hesperia, CA), using
a 0.1% TFA in H,O/MeCN gradient.

H NMR (400 MHz, CDCl;) 6 6.95 (1H, dd, J = 11 Hz, 15
Hz, 11-H), 6.71 (1H, br s, NH), 6.29—6.14 (4H, m, H-7, H-12,
H-8, and H-10), 5.75 (1H, s, H-14), 4.67 (1H, m, H-a), 4.17 (1H,
d,J =9 Hz, -CH,—0OH), 3.82 (1H, d, J = 9 Hz, —CH>,—0H),
2.36 (3H, s, H-20), 2.06 (2H, m, H-4), 1.99 (3H, s, H-19), 1.74
(3H, s, H-18), 1.61 (2H, m, H-3), 1.48 (2H, m, H-2), 1.03 (6H,
s, H-16 and H-17); HRFABMS m/z M* 387.2413 (caled for
C21Hs304N, 387.2409).

Synthesis of N-trans-Retinoylalanine (2) (Figure 4). RA
(3) (20 mg, 0.066 mmol), EDC-HCI (37.8 mg, 0.198 mmol), and
the free base of L-alanine methyl ester (6.8 mg, 0.066 mmol)
were dissolved in 3 mL of dry CH3Clz and stirred for 20 min
at room temperature and then treated with DMAP (1.6 mg,
0.0132 mmol). The reaction was stirred for 4 h and then
quenched with saturated aqueous NH4Cl. The organic layer
was washed once with saturated aqueous NaHCO; and once
with HyO and then dried over NaxSO4 and concentrated in
vacuo. The residue was purified by flash column chromatog-
raphy (SiOs, 4:1 hexanes—EtOAc). The isolated N-trans-
retinoylalanine methyl ester (11) was redissolved in 4 mL of
absolute EtOH and treated with 50 mg of KOH for 3 h. The
mixture was diluted with H2O, the aqueous solution was
acidified to pH 3 with 6 N HCI, and the precipitate was
extracted with ether (3 x 10 mL). The ether layer was washed
with brine and then dried over NaySOs. The solvent was
removed in vacuo, and the yellow solid was purified by flash
column chromatography (SiOg, 10:1 CHCls—MeOH) to give
10.3 mg of N-trans-retinoylalanine (2) (42% yield) as yellow
crystals: 'H NMR (400 MHz, CDCl3) 6 6.98 (1H, dd, J = 11,
15 Hz, H-11), 6.32 (1H, m, H-7), 6.25 (1H, m, H-12), 6.18 (3H,

Notes

br m, H-8, H-10, NH), 5.78 (1H, s, H-14), 4.66 (1H, m, alanine
Co-H), 2.42 (3H, s, H-20), 2.10 (2H, m, H-4), 2.08 (3H, s, H-19),
1.78 (3H, s, H-18), 1.69 (2H, m, H-3), 1.55 (5H, m, H-2 and
alanine CHj3), 1.11 (6H, s, H-16 and H-17); HRFABMS m/z M*
371.2465 (caled for Co3Hs303N, 371.2461).
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