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Tetracycline (TC) is a low molecular weight, broad-
spectrum antibiotic that inhibits protein synthesis by
preventmg the bmdmg of amlnoacyl tRNA to the A site

of ri 'y is of direct i
to prior phomafﬁmty labeling studies of this group aimed
at identifying the site of TC binding to the Escherichia coli
ribosorne.? We found that even in the presence of -
mercaptoethanol, the addition of which affords the most
site-specific photoincorporation of TC, a TC photoproduct
was formed that labels the ribosome in a nonspecific
manner. This report describes the irolation and identi-
fication of 5a,6-anhydrotetracycline (AHTC) as the major
product formed on photolysis of TC under the conditions
of our photoaffinity labeling experiment. The formation
of AHTC accounts not only for our prior results but also
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Figure 1. Time course of UV-vis spectrum of TC (94 uM) in
TMK buffer (Tris- HCI, 50 mM, pR 7.6; MgCly, 10 mM; KCJ, 50
mM) containing 0.1% v/v of g mewaptoethanal, nuhjectad to
photolysis at 4 °C. Spectra were taken for (a)
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Figure 3 HPLC profile of a mixture of peak A and aut
AHTC. P 2) was collected with aut
AHTC, and the resulting solution was subject to HPLC ap
as in Figure 2, except that the mobile phase was 27% Cl

in deionized water containing 0.1% CF;CO,H and the fio
was 1.3 mL/min. Note that peak A and AHTC, when ch

& i () 30 e () 60 mim: () 90 st (e) 120 mins (9 150 ‘min;
(g) 180 min. The initial Agg value was 2.84.
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Figure 2. HPLC profile of TC pHotolysis mixture. Samples of

a solution of TC in buffer (as described in the legend to Figure

1) both before (heavy line) and after (n:zr‘r:w line) phntolyms (1 5
h)

injected into & uBondapak (Waters) R-PCig siica el columan (10

M silica gel, 100-A pare size). Tho mobile phm ‘was a solution

parts of d 82 parts of an

saueous solution of oxalié acid (75 mM) and EDTA (Ereo acid,

20 mM), brought to pH 6.4 with triethylamine. The flow rate
was 1.4 mL/min.

each gave a peak with the same rete
time as that depicted.

Results and Discussion

ion of TC in the p of §-

(0.1%) with 3500-A lemps leads to a marked change i
UV-vis spectrum, characterized hy a loss in peak inte
at 373 nm and the formation of a new peak at 43!
(Figare 1), Inthe experiment shown, the half-life for
initial process is 40-45 min; more prolonged photo
leads to destruction of the new chromophore at 438
On the basis of these results, photolysis conditions
chosen to maximize absorption at 438 nm.  High
formance liquid chromatography (HPLC) of the reac
mixture before and after photolysis (Figure 2) shows
presence of a major product peak A, tg 15.0 min,
resolved from residual TC (ty 7.8 min), and two o
minor new peaks, peak B, ¢ 11.7 min, and peak C, 4
min, Purified peak A, when frozen, is stable to sto
indefinitely (as shown by HPLC analysis). Homver,
stored at room temperature for =~ 1 h it gives rise toli
aniounts of peak B.

That peak A is the major photoproduct of TC is sh
not only by the HPLC analysis but also by the fact
its electronic ahsorptlon spectmm ()‘m 270 and 4ﬂ4
is virtually id of the
mixture. We have identified peak A as AHTC undll
B a8 4-epi-anhydrotetracycline (E-AHTC) as deserl
below. The structure corresponding to the minor prot
C has not yet been determined.

suggests a mechanism for the h icity of
TGS
o N’c\ o A (Figure 3).
g o
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The i of peaks A and B is based on
following evidence. (i) AHTC cochromatographs with?
Furthermore, when AHTC is incubs
under conditions known to give rise to 4-epi-anby
tetracycline (E-AHTC) and the resulting mixture is4
lyzed by HPLC, the E-AHTC peak comigrates with P
B. (ii) The UV-vis spectra of AHTC, E-AHTC, pea
and peak B are all essentially ldentlcal (iii) A. sal!ll’I
peak A, prepared for spectral analysis from a ph
reaction mixture by HPLC separation (using the
phase described in the legend to Figure 3 which is §
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volatile and easily removed by lyophilization), h!:i
NMR spectrum in pyndme—ds that is essentially
with that of AHTC, as described below (3 values in

to note the chemical shift of the Cg-methyl group.
at 2.4 ppm is 0.6 ppm further downfield than thats




.

methyl group in TC, consistent with the aromatization
ofring C. Similar spectra for peak A and AHTC were also

AT
239 (s, 3 H), 2.59 (5, 6 H), 3.15 (m, 1 H
859 (m, 1 H), 363(b,11-1),373 4, 1H

pesk A
240 (s, 3 H), 2.59 (s, 6 H),
3.12 (m, 1 H), 3.62 (b, 2 H), 3.7 (d, 1 H)

' observed in MeOH-d,. Typical yields of AHTC by HPLC
' pecovered from the photolysis mixture ranged from 40%
‘ 45%.

‘ w[n previous studies of TC photochemistry, three dif-
ferent photoproducts have been reported,*® although in
oo case has the identification been unequivocal. Thus, (a)
Hhvkﬂ and Bitha! found that lrradlatmn of TC in MeOH

and concluded that they
ad photoreductively deaminated TC at the 4 position, (b)

Davies et al.® isolated a red product formed on irradiation

of an air-saturated solution of TC at pH 9 and concluded

on the basis of its chemical properties that it was a quinone

formed on oxidation of photodeaminated TC at the 4

position, and (c) Sanniez and Pilpel® photolyzed TC in.an

oil-water mixture and identified AHTC as one of the
principal products formed on the basis of TLC and UV
spectroscopy, although little detail was provided. Given
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has known cutaneous phototoxicity,® could account for
TC-induced h ici

Experimental Section

HPZLC gnalysis was performed an a Wa*2rs Associates chro-
matograph consisting of 6000A and M-45 pumps, a 660 pro-
grammer, and & UBK Universal injector. The detection system
was 2 Waters extended wavelength module (214 nm) and a Mode}
440 absorbance detector connected in series. 1/V-vis spectra were
recorded on a Beckman D-8 spectrophotometer. NMR spectra
were obtained on either an IBM-200 FT-NMR or a Bruker
250-MHz FT NMR. Photolysis experiments were carried out in
100-mL round-hottomed Pyrex flasks with either Rayonet RPR
3500-A lamps or with a UV Products, Inc., PCQ 008L lamp as-
sembly having a maxirmal output between 3400 and 3800 A.

Tetracycline was obtained from Lederle Laboratories and was
298% pure. It was used w‘ltbout further purification. AHTC
was prepared by acid: of TC.® Py
solvents were ohmned fmm Aldnch Chemical Company; both
the methanol and pyridine used in the study had 99.9 atom %
D. Al other chemicals were of the highest grade of purity
available.
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this rather complex background we thought it i

to determine the TC photoproduct formed under the

ditions of our pk ity labeli i ur

results present the first well-documented proof for the

formation of AHTC on phomlysls of TC \mder mildly
This

photodehydration is undoubted.[y driven by the aromati-
mtion of ring C. Such reactions are otherwise rather rare,
sithough it is worth noting that ethylene glycol has been
shown to photodehydrate to acetaldehyde in a reaction
that, iike the one described in this paper, requires the
presence of SH compounds.”

Elsewhere we have shown that the identities of products
poduced on. TC photolysis are strongly influenced by
redox i (0, s N, at or ab-
sence of B- 1).2 We are seeking
bdetermine whether the products formed in the absence
o -mercaptoethanol correspond te those put forward by
sarlier workers, as descnbed above If the smglet oxygen

it is on ph solu-
thns of TC? is a reactant in the formahon of these prod-
wtg, then it is possible that S-mercaptoethanol exerts its
sarked effect on product formation by preventing the
&cumulation of singlet oxygen in solution. Such an ex-
thanation would also provide a rationale for the difference
nthe results obtained by Davies et al.® and by Sanniez
&d Pilpel® since in.the latter study photolysis proceeds
B the oil phase, away from the oxygen dissolved in the
Mueous phase.

The formation of AHTC on TC photolysis is quite
@nsigtent with the phomsfﬁmty labeling studies alluded
foabove, since AHTC is only a poor inhibitor of ribosomal

jon? and would not be expected to show strong site-
Wecific binding. In addition, formation of AHTC, which
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