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Recently we reported a great increase (ca. 2300-fold) of the
transamination rate for the pyridoxamirgyruvic acid system when
we covalently attached pyridoxamine to polyethylenimine (PEI)
carrying some attached lauryl group&Ve suggested that the
excellent general acitbase catalysis exerted by the polymeric

acid 8 vs 9), which overcomes the weaker binding of relatively
non-hydrophobic pyruvic acid bg.

Apparentlyk; is increased by the lowered local dielectric constant
which results from the presence of nonpolar lauryl groujssthe
more polar unmethylated PEI laurylation has a lesser effect on the

partially protonated amines is one of the reasons for the large raterate for pyruvic acid transaminatio® {s 7).

enhancemerit? We also found that the rate enhancement of the
polymer over that of simple pyridoxamirfewas a steep function

of the length of the alkyl chains added in polymer with roughly

the same percentage of alkylation and pyridoxamine attachinent.

Strikingly, for the phenylpyruvic acid case we see an impressive
increase of rate, laurylation causing th#y, value to jump 190-
fold for PEI-Methylated 8 vs 9), much more than the 12-fold
increase seen for pyruvic acid. The 190-fold increase is due to both

We suggested that the hydrophobic chains create regions in whichan increase ok, by 28 times, slightly smaller than tHe effect
the transamination can take place in a less than fully aqueouswith pyruvic acid, and an increased binding strength reflected in a

environment.

decrease oKy by 7 times. We believe that the increased binding

We have now explored this system further and discovered a strength reflects hydrophobic interaction of the lauryl chains with

number of important features. First of all, we find that the amination
reaction of pyruvic acid with simple pyridoxamine is buffer-

the phenyl group of the substrate. For PEI-Unmethylaéeds(7)
laurylation increases the transamination rate by 9 times for

catalyzed but the reaction with our polymer-linked pyridoxamine phenylpyruvic acid and 2 times for pyruvic acid, a less impressive
shows no catalysis by external buffers. This supports the argumentdemonstration of the hydrophobic effect. We then determined the
that the acid and base groups of the polymer are performing the effect of laurylation on the transamination rates for other hydro-

catalytic proton transfers in the transamination process. Extrapolat-

ing [buffer] to zero, the PEtpyridoxamine system is actually
10000-fold faster than is simple pyridoxamine with pyruvic acid.
Furthermore, we find that the polymer system shows saturation
effects when titrated with substrates, Michaelidenten kinetics.
We report thek, and Ky, values of different substratgolymer
reaction pairs in Table 1 (see footnote b). As the entries show,
there are two striking effects of the added C-12 chains in the
pyridoxamine-PEI hybrid. Thek, constants are modified, and the

phobic substrates. (Table 2). The results show that the acthgity (
Km) of glyoxylic acid in transamination is similar to that of pyruvic
acid. 4-Methyl-2-oxopentanoic acid, the precursor of leucine, shows
only slightly higher reactivity as the loweKy from some
hydrophobic binding is compensated by a lower-Ketoglutaric
acid shows a 5-fold increase /Ky, compared to glyoxylic acid
and pyruvic acid, due primarily to stronger binding indicated in a
smallerKy. This likely reflects a carboxylate-ammonium salt bridge
interaction. Haring and Distefahbave described a protein-based

substrate binding constants are modified as well. This latter effect transaminase mimic with &, of 4.8 x 103 min=! for the
shows up strongly with substrates that are themselves hydrophobica-ketoglutaric acid substrate andka of 1.8 mM. The resulting

such as the keto acids corresponding to phenylalanine and tryp-

tophan.

We have also prepared a transaminase miiby linking
pyridoxamine to polyallylamine (PAA) and leaving the nitrogens
unmethylated. As the data in Table 1 shovs shows a slightly
smaller rate of transamination of pyruvic ackd &ndk,/Ky) than
is seen with the analogow& derived from PEI. PAA is linear,
while PEI is highly branchefi.Complete methylationdecreased
the k, of PEl-supported pyridoxamine with pyruvic acid and
phenylpyruvic acid substrate$ ¢s 8), while having only small
effects onKy. Bulky phenylpyruvic acid shows slightly lesser
reactivity than pyruvic acid wittb, 6, and8.

Another mode of modifying PEI is alkylation with long
hydrocarbon chains.We have reported that partial (ca. 10%)
laurylation of PEI-Methylated increases the transamination rate for
pyruvic acid substrate by ca. 14-foldVe now see that the effect
of laurylation is due to a considerable increasekirfor pyruvic
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ko/Ky of 2.7 mimt M~1 can be compared with the 16 minM 1
ko/Kn value for our polymer system.

Phenylpyruvic acid shows a 10-fold increase in reactivi¢y (
Kwm) over pyruvic acid, primarily due to a 5-fold decreaséin as
a result of hydrophobic interactions between the lauryl groups on
the PEI and the phenyl group on the ketoacid substrate. An even
greater hydrophobic effect is seen in the case of indole-3-pyruvic
acid, for which the hydrophobic interactions between the indole
group and lauryl groups causes a 22-fold decreadgjimnd 24-
fold increase irko/Ky when compared with the pyruvic acid case.
Since amination of pyruvic acid by compouficghowed a 10000-
fold acceleration relative to pyridoxamine at [buffer]0 and since
we had earlier found that the amination of pyruvic acid and of
indolepyruvic acid by pyridoxamine had the same tathjs means
that our hybrid9 accelerates the amination of indolepyruvic acid
to tryptophan by ca. 240000-fold relative to pyridoxamine.

These substantial contributions of hydrophobic effect to the
substrate selectivity of the polymeric transaminase mimic were
confirmed by competition reactions with HPLC product analyses.
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Table 1: Michaelis Constants (k; x 1000 (min~1), Ky (mM)) of the Polymeric Pyridoxamine Reagents?
pyruvic acid phenylpyruvic acid

reagent k, K KoKy ky Kw KalKy
PAA-Unmethylated5 20+1 15+1 13 21+ 4 43+ 8 0.49
PEI-Unmethylated6 55+1 171 3.2 49+ 5 21+5 2.3
PEl-lauryl-Unmethylated? 70+ 3 11+ 0 6.4 50+ 5 2.4+ 0.6 21
PEI-Methylated8 7.2+0.7 12+ 2 0.60 13+1 27+3 0.48
PEl-lauryl-Methylated9 290+ 60 42+ 6 6.9 370+ 30 4.0+ 0.6 92

a All constants reported are averaged measurements from two trials and data analysis withHbéstiee and Haneswolff8 kinetic approximations.
Five or six distinct substrate concentrations were used to define the kinetic curve for each polymer/substrate pair. Pyridoxamine congeri@tions i

polymer were determined by UV measurements (pyridoxaniire 324 nm), ca.

1.< 1074 M, T = 40°C, pH= 7.5. Find details in Supporting Information.

bk, is the rate constant for the reaction of an intermediate going to pragiudias its usual meaningk(+ k-1)/k;, wherek; andk-, refer to the reversible

formation of the reaction intermediate.
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Table 2. Michaelis Constants (k2 x 1000(min~?1), Ky (mM)) of the
PEIl-lauryl-Methylated Transaminase Mimic, 92

substrate ko Ky KolKy
glyoxylic acid 92+ 6 30+5 31
pyruvic acid 100+ 0 28+ 1 3.6
4-methyl-2-oxo-pentanoic acid 564 13+ 3 4.2
o-ketoglutaric acid 12a&0 7.4+0.9 16
phenylpyruvic acid 201 5.5+ 0.6 36
indole-3-pyruvic acid 11& 2 1.3+ 0.2 85

a Reported constants have been determined from UV measurefent,
30°C, pH= 7.5. All constants reported are averaged measurements from
two trials and data analysis with Eadielofstree and HanesWolff8 kinetic
approximations. Five or six distinct substrate concentrations were used to
define the kinetic curve for each reagent/substrate pair. See footnote b of
Table 1.

Competition reactions were run with 20:20:1 (pyruvic acid:
phenylpyruvic acid:pyridoxamine unit, or pyruvic acid:indole-3-
pyruvic acid:pyridoxamine unit) ratios at 2&, pH 7.5, for 1 h.
Amino acid product ratios determined from HPLC analysis were
1:8.5, for the alaninephenylalanine case and 1:20 for the alarine
tryptophan case, consistent with the results from the kinetic studies
in Table 2 under slightly different conditions.

Thus, we have shown that these polyamine-supported pyridox-
amine transaminase mimics demonstrate Michadélienten kinet-
ics and substrate selectivity. Laurylation of the polymers both
increase; by producing a less aqueous reaction environment and
selectively binds the more hydrophobic substrates, decreksing

The result is high rate acceleration for all substrates, and particularly
high acceleration for hydrophobic substrates.
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