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Abstract: Adipocyte lipid binding protein (ALBP) is a small 131 residue protein with a simple architecture that
consists of two orthogonal planes ffsheet secondary structure. This protein binds a variety of fatty acids in a
large cavity formed between the two sheets such that the bound ligands are completely enclosed within the protein.
In this paper, the synthesis of an ALBP conjugate (ALBP-PX) containing a pyridoxamine cofactor attached to a
thiol within the protein interior is described. The conjugate was characterized by mass spectrometry, UV/vis
spectroscopy, and gel filtration chromatography. ALBP-PX reductively aminates a number of alkyl, aryl, and side
chain functionalizedx-keto acids tox-amino acids with enantioselectivities as high as 946

Introduction

of achiral catalysts; additionally, ALBP (and related proteins)
has been the focus of numerous mutagenesis and protein folding

Catalytic enantioselective reactions are of great importance g4,dies which suggests that the protein cavity is amenable to

in modern synthetic chemisty.One strategy that can be used

to design selective reaction catalysts is to incorporate nonspecific

achiral catalytic molecules into chiral cavities. A number of

cavities ranging from cyclodextrins to spherands have been

exploited for this purpose.Although successful in many cases,
an important limitation of such systems is the difficulty involved

modification?

Pyridoxal and pyridoxamine are nonphosphorylated deriva-
tives of cofactors that are involved in a number of important
biological reactions including transaminations, racemizations,
decarboxylations, and eliminatiohsSince the reactions of these
cofactors are well characterized and have been examined in a

in making incremental changes in the cavity size and shape. . ; &
Small changes in cavity structure frequently involve major NuUmber of proteinaceous and non-proteinaceous systés
synthetic efforts. With the development of recombinant DNA decided to study their reactivity and selectivity in the ALBP
technology and the concomitant capabilities it affords for protein CaVity. In this paper, the synthesis of an ALBP conjugate
manipulation, polypeptide based cavities offer tremendous cOntaining a pyridoxamine cofactor, attached to a thiol within
potential. Several investigators have studied proteins derivitized the protein interior, and the reductive amination of sexéteto

with catalytic groups; however, most of the “semisynthetic acids to amino acids by this construct are described. The study
enzymes” constructed to date have involved modifications on here focuses on enantioselectivity since the attainment of such

the surface or in clefts of the target protefnstich systems do
not allow the potential selectivity afforded by completely
encapsulating the catalyst to be examined.

Adipocyte lipid binding protein (ALBP) is a small 131 residue

protein with a simple architecture that consists of two orthogonal

planes of3-sheet secondary structureA variety of fatty acids
ranging from palmitate to arachidonate bind in a large (680 A
cavity formed between the two sheét#n interesting feature
of ALBP is that the bound ligands are completely enclose
within the protein; a space filling representation of the ALBP
structure masks all atoms of the bound lipidThus, ALBP

possesses a true protein cavity and is a good system for

evaluating the ability of protein cavities to affect the selectivity

® Abstract published i\dvance ACS Abstract€ctober 1, 1996.

(1) Seebach, DAngew. Chem., Int. Ed. Endl99Q 29, 1320.

(2) (@) Dugas, HBioorganic Chemistry Springer-Verlag New York,
Inc.: New York, 1996. (b) Breslow, RAcc. Chem. Red.995 28, 146—
153.

(3) (a) Kaiser, E. T.; Lawrence, D. Sciencel984 226, 505-511. (b)
Levine, H. L.; Nakagawa, Y.; Kaiser, E. Biochem. Biophys. Res. Comm.
1977, 76, 64—70. (c) Corey, D. R.; Schultz, P. Gciencel 987, 238 1401—
1403.

(4) Xu, Z.; Bernlohr, D. A.; Banaszak, L. Biochemistry1992 31,
3484-3492.

(5) LaLonde, J. M.; Bernlohr, D. A.; Banaszak, L Blochemistryl994
33, 4885-4895.

(6) Banaszak, L. J.; Winter, N.; Xu, Z.; Bernlohr, D. A.; Cowan, S.;
Jones, T. AAdv. Protein Chem1994 45, 89—151.

S0002-7863(95)04271-5 CCC: $12.00

selectivity remains one of the major challenges in modern
synthetic chemistry.

Results

Design Considerations. Our design for the desired ALBP
conjugate originated with the observation that the thiol group
from Cysi7is located in the interior of the protein cavity; this

d unique cysteine residue has previously been modified with a

variety of thiol-specific reagentd. These studies indicate that
large, nonfatty acid molecules can be accomodated in the cavity
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Figure 1. Stereoview of a model for the conjugate ALPB-PX showing pyridoxamine attached to a site in the protein interior. The overall fold of
ALBP is shown in a ribbon representation with Gysand the pyridoxamine shown in ball and stick format.
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and that modification of Cys; does not result in large 14+
perturbations of the protein structure. Based on this knowlege,
a model for an ALBP pyridoxamine conjugate (Figure 1) was
constructed using the crystal structure of the ALBP/oleic acid

complex.
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Preparation and Characterization of ALBP-PX. To +9
prepare the desired ALBP conjugaleyas first synthesized in
five steps from pyridoxamine and purified by reversed-phase
HPLC. ALBP was purified from an overproducing. coli
strain, JIM105/pMON4 and was then reacted with compadlnd
to generate the conjugate ALBP-PX)( Thiol titration of the

protein before and after reaction withrevealed the loss of

)
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. S e Figure 2. Electrospray mass spectrum of ALBP-PX. The charges of
0.73 thiols per ALBP and indicated that the modification had the peaks used to calculate the mass of ALBP-PX are noted on the

occurred at Cyigz. Analysis of ALBP-PX by electrospray mass  pjot,
spectrometry (Figure 2) indicated the presence of a new species
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with molecular mass 14 722.14-2.94) that compares well with
the predicted value of 14 723.56 calculated for the conjugate.
Spectrophotometric analysis of ALBP-PX after chromatography
to remove unincorporatedl revealed the presence of a new
absorption band at 320 nm characteristic of pyridoxamine Figure 3. UV/vis spectra of ALBP-PX under native and denaturing
(spectrum A, Figure 3). While the extinction coefficient for conditions. (A) Spectrum of ALBP-PX (4@M) under native conditions.
this absorption band appeared low in the native conjugate, it (B) Spectrum of ALBP-PX (46:M) under denaturing conditions. (C)
increased significantly upon denaturation of ALBP-PX (spec- SPectrum of 3%M pyridoxamine (85% of 4G:M).

trum B, Figure 3). Clearly, the microenvironment within the

ALBP cavity perturbs the pyridoxamine chromophore and/or under the same conditions) with the total protein concentration
alters its protonation state. Comparison of the pyridoxamine in a sample of ALBP-PX (determined by protein assay) indicated
concentration in ALBP-PX under denaturing conditions (cal- that the modification reaction was 85% complete. This

and suggested that the desired conjugate had been prepared.

Gel filtration chromatography (Figure 4) of ALBP and ALBP-
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(11) Modification of this residue with bulky reagents blocks the binding

of fatty acids: (a) Buelt, M. K.; Bernlohr, D. ABiochemistry199Q 29,
7408-7413. (b) Buelt, M. K.; Xu, Z.; Banaszak, L. J.; Bernlohr, D. A.
Biochemistry1992 3, 3493-3499. Alkylation of thiols positioned in the
cavity with fluorophores generates highly fluorescent derivatives: (c)
Frieden, C.; Jiang, N.; Cistola, D. Biochemistry1995 34, 2724-2730.
Both of these observations are consistent with modifications within the
cavity.

PX under native conditions gave identical retention times
suggesting that ALBP-PX maintains the folded structure present
in the unmodified protein.

Reactions Performed by ALBP-PX. To examine the effect
of the protein cavity on reaction selectivity, the reductive
amination reactions shown below were studied. First, the initial
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Figure 4. Gel filtration chromatography of ALBP-PX using a Superose
12 column. Inset: elution volume versus LN (molecular mass) of

standard proteins used for the molecular mass determination of ALBP-

PX. (l) Standards.A) ALBP. (V) ALBP-PX.
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Figure 5. Initial rate data for the formation of pyridoxal from ALBP-
PX or PX in the presence of pyruvat€)(Rate data for the formation
of pyridoxal from ALBP-PX. () Rate data for the formation of
pyridoxal from pyridoxamine.

rates of reactions between pyruvada@)(and PX @) or ALBP-
PX (2) were determined and are shown in Figur€& 5The rate
of pyridoxal Gb) formation in the PX reaction was 1:0 107
M-min~1, while the ALBP-PX reaction yielded the correspond-

NH, 0
- \OH © . A\ OH  NH,
| + OH —— | + OH
P> R N/ R
N o [¢]
2R'=ALBP-SS 4aR=CH, 5a R'= ALBP-SS 6a R=CH;
3R =0H 4b R = (CH,),CH 5b R'=OH 6b R = (CHy),CH

6¢ R = (CHg),CHCH,
6d R = CHy(CH,),
66 R = CH3(CHy)s

6f R = HOCgH,CH,
6g R = HO,C(CH,),

4c R = (CHy),CHCH,
4d R = CHy(CH,),
4e R = CHy(CHy)s

4f R=HOCgHCH,
4g R = HO,C(CH,),

ing aldehyde product5@) at a rate of 5.7x 1078 M-min=1,
This 1.8-fold rate difference suggests that positioning the
pyridoxamine catalyst in the ALBP cavity does not substantially
affect the rate of the reaction.

The production of alanine6g) in these two systems was
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Figure 6. HPLC analysis of a reaction of ALBP-PX with pyruvate.
Inset: calibration curve for the quantitationmfandL-alanine showing
that the fluorescence intensities for the two diastereomeric derviatives
differ by 7.6%.

Table 1. Conversion and Enantioselectivities of ALBP-PX
Reductive Amination Reactions

product % conversidh major enantiomer % ee
alanine 6a) 18+ 3.6 D 42+ 5.1
valine @b) 28+ 1.9 L 94+ 0.2
leucine 6¢) 39+1.2 L 54+ 0.8
norvaline 6d) 214+ 0.6 b b
aminocaprylatee) 13+1.3 b b
tyrosine 6f) 42+ 1.5 L 67+ 7.3
glutamate §q) 46+ 5.6 L 84+ 2.2

aConversion after 24 . No eeobserved.

reaction is shown in Figure 6. Greater selectivity was obtained
in reactions using a bulkier substrateketo isovalerate4b),
which produced valinegp). In this case, a 77%efor L-valine
was obtained (24 h, 49% conversion). While performing the
experiments withdb it was noticed that a small amount of
precipitate had formed suggesting that ALBP-PX was aggregat-
ing or denaturing under the reaction conditions. To eliminate
this problem, the ALBP-PX concentration was decreased from
156 to 50uM, and NaCl was added (20 mM, final concentra-
tion). Under these new conditior® was produced frordb

in 94%ee(24 h, 28% conversion). Keto acilt, ay branched
substrate gave leucinéqg) in 54%ee (24 h, 39% conversion).
Unbranched keto acid substratéd (Cs) and 4e (Cg) gave
comparable levels of conversion to their respective amino acid
products,6d and 6e but without any selectivity. A keto acid
containing a phenolic side chaidf, produced.-tyrosine 6f)

in 67% ee (24 h, 42% conversion). A keto acid posessing a
carboxylic acid side chairg, produced.-glutamate §g) in
84%ee (24 h, 46% conversion). Conversions and selectivites
for all the substrates studied are sumarized in Table 1.

As a prelude to catalytic studies, the extent of product release
in ALBP-PX mediated reactions was examined. Reactions
between ALBP-PX anddb were performed, subjected to
ultrafiltration, and analyzed by HPLC. The ultrafiltration step

examined next. The enantiomeric excess of amino acid productsallowed the concentrations of fréb andéb bound to ALBP-
in the reactions was determined by forming diastereomeric PX to be determined. As sumarized in Table 2, no significant
fluorescent derivatives and separating and quantitating theseamount of boundb was observed.

derivatives by reversed-phase HPLEC Reactions performed
with PX produced no enantiomeric excessmélanine. In
contrast, ALBP-PX produced a 42%e of p-alanine after
reacting for 24 h (18% conversion); a HPLC trace for this

(12) Banks, B. E. C.; Diamantis, A. A.; Vernon, C. A. Chem. Soc.
1961, 4135-4247.

(13) (a) Lindroth, P.; Mopper, KAnal. Chem1979 51, 1667-1674.
(b) Nimura, N.; Kinoshita, TJ. Chromatogr1986 352 169-177. (c) Buck,
R. H.; Krummen, K.J. Chromatogr.1987, 387, 255-265.

Discussion

The experiments described here suggest that the ALBP cavity
can impart selectivity to reactions between pyridoxamine and
a number obi-keto acids with selectivities ranging from modest
to excellent. The loveeobserved with alanine is likely due to
the small size of its side chain and its limited ability to serve as
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Table 2. Ultrafiltration Analysis of Valine Product from ALBP-PX Reactions

reaction 1 reaction 2
[valine] (uM) volume (L) ee (%) [valine] M) volume (L) ee (%)
before filtration 12.2 93.8 18.7 96.1
after filtration, top layer 14.0 20.1 94.5 16.9 17.6 96.2
after filtration, bottom layer 14.6 60.6 94.3 16.3 64.9 95.9

a directing group while the selectivity for the enantiomer Experimental Section

probably reflects a structural feature of the ketimine intermedi- o )

ate. If the largest substituent on tle carbon controls the purification of ALBP.  Large scale cultures d. coli JML05/
conformation about the imine linkage of the intermediate, then pMON4. Were grown in LB Media to an O.kko of 0.8 and !r_1duced
the stereochemical results obtained harédf alanine,L for with nalidixic acid. The cells were then grown for an additional 4 h,

i | . . d al Id It f harvested by centrifugation, frozen in, {l), and stored at-80 °C.
valine, leucine, tyrosine and glutamate) could result from g oein purification, 20 g of wet cell paste was resuspended in 50

preferential protonation from the same face in all cases; the m of buffer A (25 mM imidazole-HCI, pH 7.0, 50 mM NaCl, 1 mM
results with alanine would simply reflect the unusual situation 2-mercaptoethanol, 5 mM EDTA, and 0.1 mM PMSF) and sonicated
in which the amino acid side chain is smaller than the carboxyl at 0°C for 5 min. The resulting cell extract was then clarified by
group as shown below. The results observed with the alkyl centrifugation, treated with 5 mL of 5% protamine sulfate in buffer A
(w/v), and centrifuged to remove the precipitated nucleic acids. The
supernatant was titrated to pH 5.0 with 2.0 M NaOAc, stirred overnight
at 4°C, centrifuged to remove precipitated proteins, and concentrated
by ultrafiltration using a YMS3 filter (Amicon). The solution of partially
purified protein was then fractionated by chromatography on a Sephadex
G-75 Superfine column (5 cnmx 100 cm) equilibrated in buffer
containing 12.5 mM HEPES, pH 7.5, and 0.25 M NaCl. The fractions
were analyzed by SDS PAGE, and the pure fractions pooled and
concentrated by ultrafiltration. Approximately 75 mg of pure protein
was obtained. The purified protein was shown to be competent for
high affinity fatty acid binding in titration experiments with fluorescent
ALBP-PX+4a ALBP-PX+4b fatty acid analog$?

. ) o Synthesis of 5-(2-Pyridyldithio)pyridoxamine (1). Compoundl
Subsututed’.'keto aC|dS fO||0W a trend Where the Se|eCtIVIty IS was prepared by the reaction of 5_thi0pyridoxamine dihydrobromide
greatest when there is aIkyI branching proximal to the develop- (synthesized in four steps from pyridoxamine dihydrochloﬂ-ﬁjw)th
ing chiral center. Valine b), with a g-methyl branch is 2,2-dithiopyridine. A round bottom flask under & Mtmosphere was
produced in highee whereas leucine6€) with its y-methyl charged with 2,2dithiopyridine (661 mg, 3.0 mmol) dissolved in 15
branch is generated in much loweg the nonbranched amino ML of degassed MeOH. To this flask was added 5-thiopyridoxamine
acids6d and6e are produced with no enantioselectivity. The dihydrobromide (100 mg, 300mol) dissolved in 5.7 mL of degassed
ALBP-PX system appears to be quite general; a number of alkyl MEOH, dropwise over 1 h. The solvent was remowedacuq and

) ; ; ; ; ; the yellow solid was washed three times with 10 mL of Ckiand
and aryla-keto acids as well as side chain functionalipeleto then dissolved in 2 mL of BO/CF,CN (1/1, viv) containing 0.2% TFA.

The compound was purified by preparative reversed phase HPLC using

NH
hiHe OH z OH e OH a Rainin Dynamax Microsorb fgcolumn (2.14x 25 cm with a 5 cm
W /\/kn/ guard column). Chromatography was performed by injecting a 200
(o] o]

ALBP-PX ALBP-PX

o uL sample and eluting with a flow rate of 10 mL/min and an elution
6b 6c 6d profile consisting of isocratic elution with solvent A {8 containing
iso-propyl iso-butyl n-propyl 5% CHCN and 0.2% TFA) for 10 min followed by a 50 min linear

94% e 54% ee 0% ee gradient from 0% to 40% solvent B (GEIN containing 0.2% TFA).

. L. . .. Using this system] eluted with a retention time of 32 min. Following
acids are accepted. This is in contrast to results obtained with chromatography, the fractions containigvere pooled and concen-

Cyclode_xtrin based systems where only large substrates bi_nd iNtratedin vacuoto give 44 mg (48% yield) of a tan solid that darkened
the cavity?®® ALBP-PX does not accelerate the rate of amino upon storage. Compouridstored at-20°C is stable for several weeks
acid production relative to free pyridoxamine in contrast to other but was found to be largely decomposed after 3 montt$.NMR
cyclodextrin- and protein-based systems where Z00-fold rate (200 MHz, D0) 6 8.25 (ddd, 1H) =5.4, 1.8, 0.8), 7.93 (s, 1H), 7.87
accelerations have been obserd®#.This is probably due to ~ (ddd, 1H,J=8.2, 7.6, 1.8), 7.61 (ddd, 1H, 8.2, 1.1, 1.1), 7.35 (ddd,
both the lack of specific interactions between the substrate andH, J = 7.4, 5.5, 1.1), 4.26 (s, 2H), 4.14 (s, 2H), 2.35 (s, 3HE
conjugate, and the absence of rate-accelerating functional groupé\"‘/IR (50.32 MHz, QO) 0 1574, 156.1, 146.6, 146.5, 144.7, 138.6,

e . - s 136.6, 135.3, 127.4, 126.4, 38.3, 37.1, 17.2; HR-CI MS calcd for
within the cavity. The low affinity exhibited by ALBP-PX for N

. L . . Ci3H16N3OS, [M + H]*, 294.0734, found 294.0728.

substrates appears to be mirrored in its product interactions. Svnthesis of ALBP-PX. ALBP (13 920 0 in 32 mL of
Ultrafiltration experiments indicate that amino acid products are YW €sIS 0 T (1 r:g"m nmol) in 32 m |°
dominantly free (unbound) and suggest that product releasez-00 mM HEPES, pH 7.5, was mixed with (2.7 mg, 9.2umol)
pre . . . dissolved in HO (65uL). The reaction was followed by monitoring
is not a problem in this system and that catalytic turnover should e production of 2-thiopyridone spectrophotometrically at 342 nm and
be possmle. Additional experiments tha_lt examine the stru_ctural was complete after 30 min. It was then concentrated to 3 mL by
basis for the observed enantioselectivity via mutagenesis anduitrafiltration with a Centriprep 10 cartridge, applied to a BioGel P6-
crystallography and the ability to accomplish catalytic turnover DG column (2.5x 16 cm), and eluted with 200 mM HEPES, pH 7.5,
are in progress. We conclude that protein cavities can be usefulto remove unreactetl and 2-thiopyridone. The fractions containing
for the design of enantioselective catalysts and are using thisALBP-PX were then concentrated by ultrafiltration and the protein

approach for the design of other catalytic systéfns.

(15) Xu, Z.; Buelt, M. K.; Banaszak, L. J.; Bernlohr, D. A.Biol. Chem.
(14) We have also prepared a conjugate of ALBP containing a Cu(ll) 1991 266, 14367 14370.

phenanthroline moiety within the cavity. This protein catalyzes the (16) Breslow, R.; Czarnik, A. W.; Lauer, M.; Leppkes, R.; Winkler, J.;

enantioselective hydrolysis of amino acid esters. Zimmerman, SJ. Am. Chem. Sod.986 108 1969-1979.
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concentration determined by the method of Bradférdhe final yield
of the conjugate was 11 mg (84%). The extent of conjugation of ALBP
by 1 was determined by thiol titration with 58ithiobis(2-nitrobenzoic
acid) in 5.2 M guanidinium hydrochloride as described by Riddles et
al.*® and also by UV/vis spectrophotometry as described below.
Electrospray Mass Spectrometry. Samples for mass spectrometry
were obtained by extensive dialysis of solutions of ALBP-PX in 200
mM HEPES (1 mL, 1.1 mg/mL) against,B/MeOH/HOAc (89/10/1,
vIivlv), (2 x 1 L). Spectra were obtained using a PE SCIEX API llI
MS/MS instrument, and the mass of ALBP-PX was determined by
analysis of the intensity versus/z data using HyperMass software.
Gel Filtration Chromatography. Gel filtration chromatography

Kuang et al.

and eluting with a flow rate of 0.75 mL/min using a gradient of solvent
A (80 mM sodium citrate and 20 mM sodium phosphate, pH 6.8) and
solvent B (MeOH). Detection of the isoindole derivatives was achieved
using a Beckman 6300A fluorescence detector (356 nm excitation filter
and 450 nm emission filter) and integration was performed with a HP
3393A integrator or System Gold software. Response factors for the
diastereomeric derivatives were obtained from calibration curves
generated by derivatization and analysis of standard solutions of racemic
amino acids. For alanin®g), an elution profile consisting of isocratic
elution with 80% solvent A for 5 min followed by a 10 min linear
gradient from 20% to 40% solvent B and further elution with 60%
solvent A was employed. Using this system, the retention times for

was performed using an FPLC system (Pharmacia) and a Superose 12hep- andL-alanine derivatives were 22.1 and 23.2 min, respectively.

HR 30 column. Samples (1Qd.) were eluted with 25 mM HEPES,
pH 7.5, and 150 mM NaCl at a flow rate of 0.5 mL/min at@. The

For valine gb), an elution profile consisting of isocratic elution with
60% solvent A for 5 min followed by a 10 min linear gradient from

columns were calibrated using bovine lung aprotinin (6500 g/mol), horse 40% to 45% solvent B and further isocratic elution with 55% solvent

heart cytochrome c (12400 g/mol), bovine erythrocyte carbonic

anhydrase (29 000 g/mol) and bovine serum albumin (66 000 g/mol).

UV/vis Spectroscopy. UV/vis spectra of ALBP-PX under native
conditions were obtained using 481 ALBP-PX as determined by a
Bradford protein assay in 200 mM HEPES, pH 7.5. Spectra of ALBP-
PX under denaturing conditions contained 48 ALBP-PX, as
determined above, and 4.8 M guanidinium hydrochloride in 200 mM
HEPES, pH 7.5. Spectra of pyridoxamine were obtained atI&9
(85% of 46 uM) in 200 mM HEPES, pH 7.5. The extinction
coefficients €32, for pyridoxamine in 200 mM HEPES, pH 7.5, and
in the same buffer containing 4.8 M guanidinium hydrochloride were
determined to be 7000 and 6100-Mcm™2, respectively.

Pyridoxal Formation Kinetics. Reactions with the protein conju-
gate were performed using 15M ALBP-PX and 300 mM pyruvate
in 200 MM HEPES, pH 7.5, in a final volume of 250 at 23°C. At
1 hintervals, 4%:L samples were withdrawn from the reaction mixture
and quenched with 4bL of 50% aqueous ethanolamine (v/v) and 10
uL of 10% SDS (w/v). The amount of pyridoxal formed in the reaction

A gave retention times for the andp-valine derivatives of 18.9 and
21.8 min, respectively. For tyrosinéf§, an elution profile consisting

of isocratic elution with 70% solvent A for 5 min followed/fa 5 min
linear gradient from 30% to 35% solvent B and further isocratic elution
with 65% solvent A giving retention times for the and p-tyrosine
derivatives of 21.2 and 25.1 min, respectively. The amino acid
derivatives discussed below were separated with a modified set of
solvents consisting of solvent A (80 mM sodium citrate and 20 mM
sodium phosphate, pH 6.8, containing MeOH, 10:1, v/v) and solvent
B (MeOH). For leucine&c), an elution profile consisting of isocratic
elution with 60% solvent A for 5 min followedyba 5 min linear
gradient from 40% to 50% solvent B and further isocratic elution with
50% solvent A gave retention times for theandp-leucine derivatives

of 22.3 and 23.6 min, respectively. For norvalirgd), an elution
profile consisting of isocratic elution with 70% solvent A for 5 min
followed by a 5 min linear gradient from 30% to 45% solvent B and
further isocratic elution with 55% solvent A gave retention times for
the norvaline derivatives of 25.2 and 26.1 min; respectively. For

was determined by spectrophotometric quantitation of its ethanolamine aminocaprylatee), an elution profile consisting of isocratic elution

Schiff base adductegs; = 6740 Mt cm™?) using a 10QuL ultrami-
crocuvette (Hellma) as described by Snell and Met#ethe addition

with 70% solvent A for 5 min followed Y a 5 min linear gradient
from 30% to 40% solvent B and further isocratic elution with 60%

of SDS was used to denature the ALBP-PX and was necessary to obtainsolvent A gave retention times for the aminocaprylate derivatives of
an accurate absorbance value for the Schiff base adduct. Under the29.2 and 30.5 min, respectively. For glutamdig)(the samples were
conditions of the experiment, the SDS added altered the extinction eluted isocratically with 100% solvent A. Retention times for the
coefficient for the Schiff base adduct by less than 5%. Reactions with andp-glutamate derivatives were 15.6 and 17.1 min, respectively.

pyridoxamine were performed using the concentrations described above  Ultrafiltration Experiments.

in a 10 mL total volume. A1 h intervals, 40uL samples were
withdrawn from the reaction mixture and quenched with 4@00f

Two 100uL solutions containing
ALBP-PX (50uM), a-ketoisovaleric acid4b, (0.3 M) and NaCl (20
mM) in HEPES (0.2 M, pH 7.5) were allowed to react for 24 h.

50% aqueous ethanolamine (v/v), and the pyridoxal product quantitated Samples (1Q:L) were withdrawn from each reaction and analyzed to

as described above.

Reductive Amination Reactions All reactions were performed at
37 °C, terminated by flash freezing in:Nl), and stored at-80 °C
prior to HPLC analysis. Reactions between pyruvége (0.3 M) and
ALBP-PX (1604M) or PX were performed in 200 mM HEPES, pH
7.5, in atotal volume of 7@L. Reactions between-keto isovalerate,
4b, (0.3 M) and ALBP-PX (16Q:M) were first performed in 200 mM
HEPES, pH 7.5, in a total volume of 70L. After observing a
precipitate in the reactions containib, the protein concentration was
reduced to 5tM and NaCl was added to a final concentration of 20

determine the total valine concentration. The remaining sample from
each reaction was then subjected to ultrafiltration with a Ultrafree-MC
PLGC (Millipore) filter unit (10 000 nominal molecular mass limit for
passage). The samples were centrifuged at 50@0for 10 min, and

the volume of liquid in each layer was measured. Samples(30
from the liquid above (top layer) and below (bottom layer) the filter
along with the original 1Q:L samples were then analyzed by HPLC
(as described above) to determine the valine concentration. Similar
experiments were performed with Ultrafree-MC PLCC (Millipore) and
Centricon 3 (Amicon) filtration units that have 5000 and 3000 nominal

mM. The concentrations of the other components were as describedmolecular mass limits for passage, respectively.

above. Reactions between substrateshrough4g were performed
with keto acid (50 mM) and ALBP-PX (5@M) in 200 mM HEPES
(pH 7.5) with 20 mM NaCl in a total volume of 106L.

Derivatization. Immediately before analysis, reaction samples were
thawed and derivatized with 1l of a reagent consisting df-acetyl-
L-cysteine dissolved in “IncompletePhthaldialdehyde Reagent Solu-
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