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The biosynthesis of the potent antitumor agent, paclitaxel
(Taxol), from the bark of Pacific Yehinvolves the assembly of
two separate building blocks. One is the diterpene, baccatin-Il,
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nylalanine which corresponds in its configuration to the phenyl-
isoserine moiety of paclitaxe(as well as the Winterstein's acid
moiety of other taxanéd. This finding was important since we
had observed that-phenylalanine extracted frof. brevifolia
tissue was a mixture of thR andSisomers, with the unnatural
isomer usually predominatirig. Thus,T. brevifolia must contain

an enzyme(s) which can epimeriiephenylalanine.

To gain some insight into the mechanism of the aminomutase
reaction, we synthesized)¢[2-1°N, ring-Hs]-, (253R)-[ring,
3-?Hg]-, and (Z539-[ring,2,3?H;]phenylalanine (98% e.e.,
98+% enriched) by appropriate modifications of the procedure
of Fryzuk and Bosnich? These samples were incubated with
brevifolia cell-free extract, the resulting-phenylalanine samples
were derivatized to thil-benzoyl methyl esters and analyzed by

which is generated from geranylgeranyl diphosphate via the GC—MS. The molecular ionr{yz 283) was very weak, but

hydrocarbon, taxa-4(5),11(12)-diehehich is subject to extensive
further functionalizatior,and the other is the phenylisoserine side
chain which arises from phenylalanihethe two components
are linked late in the pathwéyo give rise to taxanes exhibiting

fragment ions atm/z 210 (loss of CHCOOCH;, C-1, and C-2)

andm/z 178 (base peak, loss of benzoate) (Scheme 1) allowed
quantitative analysis of the isotope enrichment and distribution,
and lesser fragment ions served to confirm the data. The

antitumor activity. Feeding experiments have shown that the incubation with §)-[2-1°N, ring-?Hs]phenylalanine gave product
elaboration of the side chain from phenylalanine proceeds via displaying, in addition to unlabeled background, onlyB peaks

B-phenylalanine rather than cinnamic aéidkey step thus must
be a mutase reaction convertiaginto S-phenylalanine. In this
communication we report the detection of a phenylalanine
aminomutase in cell-free extracts ©éxus breifolia tissue and
some characteristics of the reaction it catalyzes.

Cell-free extracts ofl. brevifolia were prepared from stems
of young saplings as described by Koepp et &ix milliliters
of extract in HEPES extraction buffer, pH 7.5, representing 1.2
g of tissue, was incubated for 12 h at 30 with (§-[U-C]-
phenylalanine (0.11umol, 50 uCi, NEN) and 5 mg ofS
adenosylmethionine (AdoMet).Carrier §-phenylalanine (5.5
mg) and R,9-S-phenylalanine (6 mg) were then added; the
phenylalanines were isolated as thgibenzoyl methyl esters and
separated by successive HPLC on PRP-1{tMH,0, 45:55)
and amino/cyano columns (EtOAc:hexane, 40:60). Bhehe-
nylalanine fraction was further diluted with carrier material and
recrystallized from different solvents to constant specific radio-
activity, which was confirmed by another flash chromatography
purification (0.085%:Ci, min. 0.17% conversion). Control experi-

ments showed that the substrate contained no detectible radioacmigration is at least partly intermolecular.

tive S-phenylalanine and that no product was formed with boiled
enzyme.

The configuration of the enzymatically formed product was
established a® by a similar incubation with %Ci of (S-[U-
14Clphenylalanine and conversion to th&t€amphanate methyl
ester. The purified radioactive product cleanly cochromato-
graphed with authentic N-[(1'S)-camphanoyl]-(&)--phenyla-
lanine methyl esterR = 10.4 min), not the "B 3Sisomer R =
8.2 min). Thus, the enzyme produces the enantiomé-mlie-
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(48%) but no significant P+ 5 peaks. This indicates that the
nitrogen migrates quantitatively without exchange fromdhie
the 5 carbon. Repetition of the experiment with a 1:1 mixture
of unlabeled andg)-[2-15N, ring-“Hs]phenylalanine gave the same
result, only P+ 6 (29%) but no detectible B 5 peaks, except
that the amount of unlabelef-phenylalanine was increased.
Hence the migration of the nitrogen is strictly intramolecular.

The incubation with (33R)-[ring, 3°H¢]phenylalanine gave
product carrying six atoms of deuterium in both th& 178 (P,
45%; P+ 6, 55%; P+ 5 and P+ 7, both 0%) and thevz 210
fragment (P, 44%; P+ 6, 56%), indicating that the side-chain
deuterium is located at C-3. In contrast, fhphenylalanine from
the incubation with (839-[ring, 2,3%H;]phenylalanine contained
virtually no deuterium at C-3nf/z 210: P, 41%; P+ 5, 59%; P
+ 6, <5%), and the labeling pattern at C-2 was complexz(
178: P, 32%; P+ 5, 12%; P+ 6, 37%; P+ 7, 19%). These
data indicate that, in the aminomutase reaction, the o-3
hydrogen of §)-phenylalanine migrates to C-2 fphenylalanine,
whereas the proR hydrogen remains at C-3, and that this
In addition the
substrate must undergo some hydrogen exchange at C-2, presum-
ably catalyzed by an-amino acid racemase. From the configu-
rations of substrate and product it also follows that the departing
pro-3S hydrogen is replaced by the migrating nitrogen with
retention of configuration at C-3 and, because the nitrogen
migration is intramolecular, that the substrate must be bound to
the enzyme in a syn conformation (Scheme 2).

The enzyme activity reported here seems to be the first example
of an aminomutase from a higher plant and the first example of
a phenylalanine aminomutase from any source. Several amino-
mutases have been reported from microorganisms which use
different cofactors and seem to operate by different mechartiisms;
among these, the lysine-2,3-aminomutase fi@lostridium has
been studied in most detdfl. No statements can be made at this
point about the cofactor requirement of the phenylalanine ami-
nomutase fromT. brevifolia,” although B, catalysis seems
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aminomutasé® arginine-2,3-aminomutaséand leucine-2,3-aminomutase,
which all employ cobalamin as a cofactor; and tyrosine-2,3-aminomtitase,
which uses ATP but does not contain PLP.
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Scheme 1.Mass Spectral Fragmentation of
N-Benzoyl$-phenylalanine Methyl Ester
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Scheme 2. Steric Course of the Reaction Catalyzed by
Phenylalanine Aminomutase fromaxus breifolia
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Communications to the Editor

The stereochemical preference of the phenylalanine aminomu-
tase fromT. brevifolia, i.e., retention of the proRBand migration
of the pro-3 hydrogen of phenylalanine, contrasts with a report
by Haslam and co-workei%on the incorporation of stereospe-
cifically tritiated phenylalanines into the Winterstein’s acid moiety
of taxine inTaxus baccata On the basis of the ¥C ratio of
the elimination product, cinnamic acid, they reported 91% loss
of the pro-R and 33% loss of the proS8hydrogen in the
transformation. This observation led them to suggest, correctly
as it turns out, that the formation of Winterstein’s acid cannot
proceed via cinnamic acid, since the phenylalanine ammonia-
lyase (PAL) reaction proceeds with loss of the opposite hydrogen.
Itis, of course, possible that the aminomutase functioning in the
formation of Winterstein’s acid ifT. baccataoperates with a
different stereochemistry than the one studied here, but more likely
the results of Haslam's grogfreflect the difficulty of analyzing
a subtle stereochemical feature of an enzyme reaction in a complex
in vivo systent!
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