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Abstract
The dominant role of long range electrostatic interatomic interactions in NAD/NADP cofactor
recognition has been shown for enzymes of the short-chain oxidoreductase (SCOR) family. An
estimation of cofactor preference based only on the contribution of the electrostatic energy term to
the total energy of enzyme-cofactor interaction has been tested for ∼40 known 3D crystal complexes
and ∼330 SCOR enzymes with cofactor preference predicted by the presence of Asp or Arg
recognition residues at specific 3D positions in the β2α3 loop.1 The results obtained were found to
be consistent with ∼90% reliable cofactor assignments for those subsets. The procedure was then
applied to ∼170 SCOR enzymes with completely uncertain NAD/NADP dependence due to the lack
of Asp and Arg marker residues. The proposed 3D electrostatic approach for cofactor assignment
(“3D_ ΔEel”) has been implemented in an automatic screening procedure) and together with the use
of marker residues proposed earlier1 increases the level of reliable predictions for the putative SCORs
from ∼70% to ∼90%. It is expected to be applicable for any NAD/NADP dependent enzyme subset
having at least 25-30% sequence identity with at least one enzyme of known 3D crystal structure.
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INTRODUCTION
The short-chain oxidoreductase (SCOR) family of NAD/NADP dependent enzymes2 includes
over 10,000 members identified in sequenced genomes. Of these enzymes, less than 5% have
been characterized biochemically, and the three-dimensional crystal structures of ∼40 have
been reported. These enzymes catalyze oxidation, reduction, epimerization, and synthase
reactions with different substrates in a large variety of species. There is only one fully conserved
residue (the catalytic Tyr) in the entire SCOR family, and the overall average sequence
homology is below 15%2. In the first paper in this series, 1 we described the detection of a
group of ∼40 sequence positions exhibiting 70% or greater conservation that define the fold
fingerprint. Of these residues, 12 to 15 make hydrogen-bond contacts with the cofactor. In
current databases, the majority of proteins with SCOR fingerprint sequence patterns are
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identified as putative, hypothetical, or probable oxidoreductases/dehydrogenases without
defined function or simply as open reading frame products of unknown function.

We have shown that NAD or NADP cofactor preferences can be reliably predicted for ∼70%
of the SCORs by the presence of Asp or Arg recognition residues, respectively, in specific
adjacent sequence positions in the β2α3 turn near the N-terminus1. In this paper, we describe
a general procedure (“3D_ ΔEel”) which takes into consideration the extended 3D
“electrostatic” environment of the bound cofactor and can be used to predict cofactor
preference for that ∼30% of the SCOR enzymes that lack a characteristic Asp or Arg residue.

METHODS AND SOFTWARE
The automated procedure for estimation of enzyme preference for a NAD or NADP cofactor
included the following four steps:

1. A subgroup of target sequences that have at least 25-30% identity with the sequence
of an enzyme with a known 3D crystal structure was generated from the SWISS-
PROT and TrEMBL3 databases using the Homology-Derived Secondary Structure
of Proteins (HSSP) program4.

2. The sequence of each target was aligned with the sequence of the parent enzyme using
program CLUSTALW5.

3. According to pairwise alignment the target protein sequence was threaded onto the
3D skeleton of the binary complex of the parent enzyme with a cofactor using program
MODELLER6. A sequence identity threshold of 25-30% provides assurance that all
members of this subgroup will have a similar fold and permit correct threading.1

4. The total potential energy of the 3D structural target model of the enzyme-NAD/
NADP complex was minimized by molecular mechanics/dynamics methods using
the program XPLOR_3.17. Total energy optimization using CHARMM7,8
parameterization and Lennard-Jones and Coulomb potential functions for nonbonded
and electrostatic interactions, respectively, was applied to each 3D target structure to
increase the discriminative signal favoring one or the other possible cofactor. The
energy optimization was executed within a 12Å shell around the cofactor with a cutoff
distance of 7Å for nonbonded atomic interactions and a dielectric constant of 10. It
included 150 initial cycles of molecular mechanics positional refinement, 500 steps
(timestep=0.001ps, temp=100K) of short term molecular dynamics followed by 500
cycles of positional refinement. The coordinates of protein Cα and cofactor atoms
were restrained to initial positions with a force constant of 1.0 Kcal/mol. The positions
of the other atoms, including those of the protein side chains, were not restrained. The
difference of the electrostatic nature of the (NAD)-O′H and (NADP)-O′PO3 groups
at the adenine ribose C2′ atom was modeled by adding an extra cumulative charge
difference of −0.5 to the O2′ atom that is common to both cofactors. During the last
cycle of total energy minimization, the energy contribution (Eel) from the electrostatic
interactions between both cofactors and the enzyme was estimated, and the
electrostatic energy difference ΔEel = [Eel(NADP) − Eel(NAD)] was computed as a
predictor of cofactor preference. The value of ΔEel reflects the preference of an
enzyme for the presence or absence of an extra negative charge at the O2′ position.
Positive and negative ΔEel values are indicative of NAD and NADP preference,
respectively.

Supplemental utility programs in Fortran as well as Perl and shell scripts were written to
automate the procedure for cofactor preference assignment for an unlimited number of target
enzymes.
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RESULTS AND DISCUSSION
Testing the Procedure

Thirty-eight unique 3D crystal structures of functionally assigned short-chain dehydrogenases
in complexes with NAD or NADP cofactors (Table I) were used to test the accuracy of cofactor
preference assignment (Table II). All 38 structures have quite homologous cofactor-binding
pockets (Fig. 1) occurring in similar Rossmann-fold domains. For this subset, the first three
steps in the procedure described above were not required. Only the energy minimization step
was used, and it was applied separately to the crystallographic coordinates of each enzyme
complexed with NAD as well as NADP. After minimization, the root-mean-square deviations
(RMSDs) between the Cα coordinates of the energy-minimized structure and the corresponding
crystallographically observed positions were less 0.5Å.

The data in Table II show that the electrostatic field of the enzyme shell around the cofactor
is sensitive to the difference in the electronic nature of the NAD and NADP cofactors, and it
is likely to play a decisive role in cofactor recognition. The enhanced population of positively
charged Arg and Lys residues around the adenine ribose in the NADP-dependent enzymes,
relative to NAD-dependent ones, favors binding of the NADP because of its negatively charged
phosphate substituent at the O2′ adenine atom (Fig. 1). The average ΔEel values of +0.9 and
−2.7 Kcal/mol for the NAD and NADP subsets, respectively, reflect the strength of the
discriminative signal. The cofactor preference signal for NADP-dependent enzymes, which
are mostly reductases, is generally strong. The less consistent result for the NAD-dependent
enzymes is probably due to the fact that they involve both oxidases (NAD+ dependent) and
reductases (NADH dependent). Our attempts to increase the NAD preference signal by taking
into consideration charge differences between NAD+ and NADH were unsuccessful. The
effect may be masked by the cumulative error from sequence alignment, 3D skeleton threading,
and computational parameterization. No consistent correlation has been found so far between
the resolution of the X-ray data (Table I) and the apparent accuracy of the computational
prediction (Table II).

The computational results for some functionally similar enzymes from different species
indicate different magnitudes of preference for the same cofactor. Examples include NAD-
dependent uridine diphosphogalactose-4-epimerase {PDB_AC:1A9Z (E. coli) and 1EK5
(human)} as well as NADP-dependent β-ketoacyl-[acyl carrier protein] reductase {1EDO
(Brassica napus) and 1I01 (E. coli)}. Examination of the pairwise sequence alignments and
the 3D superimposed structures for the first pair revealed ∼30% amino acid differences in a
7Å s hell (significant for electrostatic interactions) around the adenine of the NAD cofactor.
Some of the differences (C34H, K37F, R60L, N61D, D98R and N99V using 1A9Z numbering)
dominate the local electrostatic field. The reduction of the cumulative positive charge
surrounding the adenine in 1EK5 relative to that in 1A9Z probably is the major source for its
relatively enhanced preference for NAD. The second pair, 1EDO and 1I01, displays a 40%
amino acid difference in the adenine area (Y48T, R50T, A51E, K52N, K78D and L125T using
1EDO numbering), and this difference alters the local electrostatic field. A more positive
electrostatic field accompanied by noticeable conformational differences in fragments 49-55
and 102-105 in 1EDO relative to 1I01 accounts for the relatively larger NADP preference of
1EDO.

The cofactor preference predicted by the value of ΔEel is consistent with the experimental
biochemical evidence and crystallographic observations for 32 of the 38 test crystal structures.
Two apparently incorrect assignments (1BDB and 1DOH) and four questionable ones (1G1A,
1ZID, 1D8A, 1KEP) provide a measure of reliability of the procedure and identify an
uncertainty zone, (+0.5 > ΔEel > −0.5), characterized by weak preference for “nad” and “nadp”
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at positive and negative ΔEel values, respectively. Outside this zone, the cofactor preference
assignment may be considered highly probable.

The procedure has also been tested on several enzymes for which cofactor specificity has been
inverted by experimental site-specific mutations (Table III). In these examples,12-16 most
mutations are in the area around the adenine ribose. The predicted cofactor preferences for the
wild type and mutated enzymes show good agreement with experimental data. The results
indicate that increasing or decreasing the positive electrostatic field in the vicinity of the
adenine ribose shifts enzyme preference to NADP or NAD, respectively.

As mentioned above, only step 4 of the procedure described in “METHODS AND
SOFTWARE” was applied to the test structures. The validity of steps 2 and 3 was also checked
independently. The sequence of the NAD-dependent crystal structure 1FMC was threaded on
the skeleton of the NADP-dependent crystal structure 1CYD with which it shares 32%
sequence identity and has a RMSD value of 0.8Å for C α atoms within an ∼10Å envelope
around the cofactor . After energy optimization (step 4), the calculated value of ΔEel=+2.1kcal/
mol appeared to be quite close to that of +1.9kcal/mol for 1FMC based on step 4 alone (Table
II).

Applications
The HSSP program4 was used to identify a subgroup of 534 full-length enzymes from the
combined SWISS-PROT and TrEMBL databases that have at least 30% sequence identity with
the crystal structure of mouse carbonyl reductase (1CYD), and the cofactor preference
prediction procedure was applied to this subgroup. The 1CYD structure was chosen because
it is one of the SCOR crystal structures having high resolution, good refinement statistics (Table
I), and stereochemically correct geometry essential for correct threading of the target
sequences. Of the enzymes in this subgroup (most of which are putative), 333 or ∼62% have
Asp or Arg cofactor residues specifying NAD and NADP preference1 at 3D positions
corresponding to #38 and #39 in the β2α3 loop of the parent 1CYD crystal structure. The “D38”
and “R39” subsets contain 118 and 215 structures, respectively. The 29 cases (∼5%) that have
both Asp38 and Arg39 present compose the “D38_R39” subset. In the “D38” subset, position
#39 is occupied by Ile and Leu residues in ∼65% of the structures; in the “R39” subset, position
#38 is filled by Gly, Ala, Ser and Tyr in ∼90% of the structures.

D & R subsets—The automatic “3D_ΔEel” procedure applied to both the “D38” and the
“R39” subsets showed over 95% consistency in the cofactor preference predictions compared
to those based on Asp or Arg presence alone.1 For the “D38” subset, 111 enzymes were
identified as NAD dependent and 7 (probably erroneously) as NADP dependent (Fig. 2a). For
the “R39” subset, 206 enzymes were predicted to be NADP dependent, and 9 were predicted
to be NAD dependent (Fig. 2b). Among those nine cases, four enzymes (seq_AC: Q8ZK23,
Q8ZGK4, Q92MP6, Q9A7A9) have a Glu residue at position #38.

DR subset—In 24 out of 29 cases, NAD binding was predicted for the “D38_R39” subset
(Table IV). The corresponding average value (<ΔEel> = +1.5 kcal/mol), compared to the +0.9
kcal/mol value for the NAD-dependent test group (mostly “D” subset, Table II), reflects the
specificity of the NAD electrostatic environment of the “DR” subset. The only available crystal
structure of a SCOR enzyme with this characteristic “DR” pair in the β2α3 loop (1A4U; Table
II) revealed the dominant role of the Asp in determining NAD binding, and the ΔEel value of
+1.4 kcal/mol is similar to that of the “DR” subset. Among the five indications of NADP
preference, two (Q8YJQ6 and Q8YY83) are identified as 3-ketoacyl-[acyl carrier protein]
reductases, and in most cases such reductases are NADP dependent.
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No D & no R subset—The “3D_ΔEel” procedure was of greatest potential value when
applied to the remaining 172 (32%) SCOR enzymes that lack characteristic Asp and Arg
residues in the β2α3 loop. The majority of these proteins are putative enzymes with uncertain
NAD/NADP dependence. The corresponding data are presented in Table V. Of these 172
predictions, 28 (16.3%) fall within the uncertainty zone of ±0.5kcal/mol , and the corresponding
assignments have to be viewed with caution. Among 16 cases (9.3%) with biochemically
known cofactor preference, two enzymes (Seq_AC: Q8YJ18 and Q05528) were incorrectly
assigned as NADP dependent. It is important to note that the four residues (Gly, Ala, Ser and
Tyr) that typically precede Arg39 in the “R39” subset (∼90%) also occur frequently (∼82%)
at the same position in 136 enzymes predicted to be NADP dependent in the “no D38 & no
R39” subset. Among these residues, Tyr38 has the highest population (∼55%), and it could be
considered as an additional single-residue indicator of NADP preference. The limited number
of predictions for NAD dependence among enzymes from the “no D38 & no R39” subset does
not allow us to draw reliable conclusions. Based on biochemical assignments for 16 structures
from this subset (Table V) as well as for 38 crystal structures from the test subset (Table II),
the expected error in cofactor prediction is less than 20%.

Dual specificity—Cases in which wild type enzyme has been found to have both NAD and
NADP dependence are particularly interesting. For example, in many organisms glucose 6-
phosphate dehydrogenase (G6PD) is strictly NADP dependent. However, L. mesenteroides
G6PD exhibits dual cofactor specificity17. The existence of two crystal structures of this
enzyme18 in complexes with both NAD (1H94) and NADP (1H9A) allowed us to compute
separately for each complex the value of the electrostatic energy from the interactions between
the enzyme and the corresponding bound cofactor. The calculated difference between the two
values, −2.4 kcal/mol, indicates a preference for NADP that is in general agreement with the
biochemical kinetic study ( kcat/Km for NADP is 10 fold higher than for NAD).18

The explanation for the apparent dual specificity may lie in differences in the crystallization
conditions involving ionic strength and pH.18 NAD selectivity was achieved using a protein
solution containing CaCl2 at final pH 7.5. In contrast, NADP selectivity was achieved using a
solution containing NH4SO4 at a lower pH (5.8) thereby increasing the protonation state of
several residues, in particular Asp, Glu and His. Such variations, accompanied by local changes
in enzyme conformation, undoubtedly produce corresponding variation in the charge
environment of the cofactor. Variations in pH and ionic strength in the media (in vivo or in
vitro) may result in significant alterations in charge distribution at the cofactor-binding site
leading to altered cofactor preference. Such external influences on cofactor charge environment
are not addressed in the calculation of ΔEel presented here. It is also possible that some of the
enzymes for which the calculated value of ΔEel falls within the zone of uncertainty (−0.5 to
+0.5 kcal/mol) may have dual cofactor specificity. We plan to test this possibility
experimentally.

CONCLUSIONS
The role of long-range electrostatic interatomic interactions for NAD/NADP cofactor
recognition has been illustrated. A 3D “electrostatic” approach for cofactor preference
estimation has been implemented in an automatic screening procedure and successfully applied
to a representative subset of 534 functionally known and putative short-chain oxidoreductase
(SCOR) family members. This approach has an expected error level ≤ 20%. When used together
with the Asp/NAD and Arg/NADP correlation previously described,1 it increases the level of
reliable cofactor assignments for putative SCOR enzymes from ∼70% to ∼90%. The proposed
approach is expected to be applicable for any NAD/NADP-dependent enzyme subset sharing
at least 25-30% sequence identity with one parent enzyme of known 3D crystal structure.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
LIGPLOT schematics illustrating the hydrogen bond ( ≤3.35Å) net work around (a) the NAD
cofactor in 7α-hydroxysteroid dehydrogenase (1FMC) and (b) the NADP cofactor in mouse
carbonyl reductase (1CYD). The names (one letter code) of the residues making identical,
similar and distinctly different contacts are shown in black, green and red respectively. The
major differences (indicated by red) are mostly located around the adenine part of the cofactor.
The conserved water molecules are marked by W symbols.
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Fig. 2.
The histogram of the cofactor preference assignment for the enzymes from (a) “D38” and (b)
“R39” subsets with indicated numbers of predictions for each ΔEel energy shell.
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TABLE I
SCOR Enzymes9 with Known Three-Dimensional X-Ray Structures

Noa Protein name Source Cofactor PDB ACb Res (Å)
c

Rstand
(Rfree)

d

1 Dihydropteridine reductase Human NAD 1HDR 2.5 0.17
2 Rat NAD 1DHR 2.3 0.15
3 3-hydroxyacyl-

CoA dehydrogenase Rat NAD 1E6W 1.7
0.18 (0.23)

4 7-α-hydroxysteroid dehydrogenase E. coli NAD 1FMC 1.8 0.21 (0.25)
5 3/17 β-

hydroxysteroid dehydrogenase Comamonas testosteroni NAD 1HXH 1.2
0.15 (0.18)

6 dTDP-6-deoxy-L-lyxo -4-
hexulose reductase Salmonella enterica NAD 1KBZ 2.2

0.19 (0.26)

7 3-α-hydroxysteroid dehydrogenase Comamonas testosteroni NAD 1FK8 2.0 0.19 (0.22)
8 Alcohol dehydrogenase Fruit fly NAD 1A4U 1.9 0.21 (0.24)
9 UDP-galactose 4-epimerase Human NAD 1EK5 1.8 0.19
10 E. coli NAD 1A9Z 1.9 0.19
11 meso-2,3-

butanediol dehydrogenase Klebsiella pneumoniae NAD 1GEG 1.7
0.19 (0.21)

12 Sulfolipid biosynthesis protein Thale cress NAD 1QRR 1.6 0.17 (0.19)
13 3-α,20-β-

hydroxysteroid dehydrogenase Streptomyces hydrogenans NAD 2HSD 2.6
0.19

14 Negative transcriptional regulator Aspergillus nidulans NAD 1K6X 1.5 0.19 (0.22)
15 dTDP-glucose 4,6-dehydratase E. coli NAD 1BXK 1.9 0.19
16 Salmonella enterica NAD 1G1A 2.5 0.20 (0.25)
17 Streptococcus suis NAD 1KEP 1.8 0.14 (0.17)
18 Enoyl-[acyl carrier protein]

reductase
Oil seed rape NAD 1D7O 1.9 0.16 (0.23)

19 Mycobacterium tuberculosis NAD 1ZID 2.7 0.20 (0.30)
20 E. coli NAD 1D8A 2.2 0.22 (0.29)
21 Glucose dehydrogenase Bacillus megaterium NAD 1GCO 1.7 0.18 0.19
22 Cis-biphenyl-2,3-dihydrodiol-2,3-

dehydrogenase Pseudomonas sp. NAD 1BDB 2.0
0.18 (0.23)

23 Mannitol dehydrogenase Mushroom NADP 1H5Q 1.5 0.19 (0.21)
24 Biliverdin IX β reductase Human NADP 1HDO 1.2 0.12 (0.16)
25 17β-

hydroxysteroid dehydrogenase Human NADP 1FDT 2.2
0.19 (0.24)

26 Sepiapterin reductase Mouse NADP 1OAA 1.3 0.20 (0.22)
27 20β-

hydroxysteroid dehydrogenase Pig NADP 1N5D 2.3
0.19 (0.25)

28 β-ketoacyl-[acyl carrier protein]
reductase

Oil seed rape NADP 1EDO 2.3 0.19 (0.24)
29 E. coli NADP 1I01 2.6 0.23 (0.25)
30 1,3,6,8-

tetrahydroxynaphthalene reductase Rice blast fungus NADP 1JA9 1.5
0.19 (0.22)

31 Dihydropteridine reductase Leishmania major NADP 1E7W 1.8 0.20 (0.24)
32 GDP-mannose 4,6-dehydratase E. coli NADP 1DB3 2.3 0.20 (0.23)
33 Carbonyl reductase Mouse NADP 1CYD 1.8 0.15 (0.20)
34 GDP-fucose synthetase E. coli NADP 1BSV 2.2 0.17
35 ADP-L-glycero-D-

mannoheptose 6-epimerase E. coli NADP 1EQ2 2.0
0.21 (0.26)

36 Tropinone reductase Jimsonweed I NADP 1AE1 2.4 0.16 (0.25)
37 Jimsonweed II NADP 2AE2 1.9 0.17 (0.21)
38 1,3,8-

trihydroxynaphtalene reductase Rice blast fungus NADP 1DOH 2.1
0.21 (0.26)

a
Arabic numbering corresponds to that in Table II.

b
Protein Data Bank accession codes.10

c
Resolution of the crystallographic data in Angstroms.

d
Crystallographic R factors (Rstandard and Rfree).
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TABLE II
“Electrostatic” Estimation of the Crystal Structure Subset with Known NAD/NADP Cofactor Preference

NAD Dependent NADP Dependent
No

PDB_ACa ΔEel
c (kcal/

mol)
Charged Residuesb No

PDB_ACa ΔEel
c (kcal/

mol)
Charged Residuesb

 1. 1HDR +3.0 D40, R18 23. 1H5Q −5.1 R21, R43
 2. 1DHR +2.6 D37, R15 24. 1HDO −5.0 R35, R39, R78
 3. 1E6W +2.4 D41 25. 1FDT −4.8 R37, K40
 4. 1FMC +1.9 D42 26. 1OAA −4.8 R18, R43
 5. 1HXH +1.8 D37 27. 1N5D −4.4 K14, R37, R41
 6. 1KBZ +1.6 D30 28. 1EDO −4.1 R27, R50
 7. 1FK8 +1.5 D32, R34 29. 1I01 −1.3 R15
 8. 1A4U +1.4 D37, R38 30. 1JA9 −3.1 R39
 9. 1EK5 +1.3 D33 31. 1E7W −2.7 K16, R39
10. 1A9Z +0.5 D31 32. 1DB3 −2.6 K32, R33
11. 1GEG +1.2 D33 33. 1CYD −2.3 K17, R39
12. 1QRR +0.8 D32, R36, R37 34. 1BSV −1.8 R12, R36
13. 2HSD +0.7 D37, R16 35. 1EQ2 −1.4 K34, K38, K53
14. 1K6X +0.6 36. 1AE1 −1.4 K31, R53, E57
15. 1BXK +0.5 D33, K34 37. 2AE2 −1.0 R19, R41
16. 1G1A 0.0 D32, K33 38. 1DOH +2.4 R39
17. 1KEP −0.4 D37, K38
18. 1D7O +0.1
19. 1ZID −0.2
20. 1D8A −0.3
21. 1GCO +0.1 R39, K41
22. 1BDB −1.7 D36, K37, R41
<(ΔEel)>

c +0.9 <(ΔEel)>
c −2.7

a
Protein Data Bank (PDB) accession code.

b
Charged residues in the contact shell of the O′H/O′PO3 group of the NAD/NADP cofactor

c
ΔEel = [Eel(NADP) − Eel(NAD)] is the energy difference of the electrostatic interactions between the enzyme and the NADP and NAD cofactors,

respectively. <( ΔEel )> = averaged ΔEel.
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TABLE III
NAD/NADP Preference Prediction for the Enzyme Subset with Mutation-Inverted Cofactor Specificity

No. Enzyme (Seq_AC)
a

PDB_AC (seq_id
%)bc Mutation Sites

Wild Type Mutant
ΔEel

dSpecificity ΔEel
d

1. 15_PGDH (P15428)
e 1IY8 (28%) Q15K,D36A,W37R NAD +1.9 −3.6

2. CRf 1CYD (100%) T38D NADP −2.3 +0.7
3. LeuDH (Q60030)g 1C1X (36%) D203A,I204R,D210R NAD +2.2 −2.4

4. SceFDHh
(NP_01503311) 2NAD (43%) D196A,Y197R NAD +2.5 −1.4

5. dhLADH (P00391)i 1LVL (37%) G185A,G189A,E203V, M204R,F205K,D206H,P210R NAD +1.6 −2.3
a
Accession code to SWISS-PROT3 and NCBI11 sequence databases

b
Protein Data Bank accession code

c
Alignment sequence identity between the target protein and the PDB crystal structure (indicated by PDB_AC) used as a host skeleton for sequence

threading

d
ΔEel = [Eel(NADP) − Eel(NAD)]

e
15-Hydroxyprostaglandin dehydrogenase type I (human)12

f
Carbonyl reductase (mouse)13

g
Leucine dehydrogenase (Thermoactinomyces intermedius)14

h
Formate dehydrogenase (Saccharomyces cerevisiae)15

i
Dihydrolipoamide dehydrogenase (Escherichia coli)16
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TABLE IV
NAD/NADP Cofactor Preference Prediction for the Putative “D38_R39” Subset*

No. Seq_ACa ΔEel
b (kcal/

mol)
No. Seq_ACa ΔEel

b (kcal/
mol)

No. Seq_ACa ΔEel
b (kcal/

mol)
1. Q9W4U2 +4.1 11. Q9ZBX8 +1.3 21. P73991 +0.8
2. Q8U673 +2.5 12. Q56841 +1.3 22. Q8UA44 +0.8
3. Q8YDU5 +2.3 13. Q98EN0 +1.3 23. Q92PX8 +0.7
4. Q93FY3 +2.2 14. Q8Z8K9 +1.2 24. Q930L3 +0.3
5. Q986G2 +2.1 15. Q92NF8 +1.2 25. Q9L7Y2 −0.3
6. Q9PCQ2 +1.8 16. Q8VLS3 +1.2 26. Q8UB53 −0.4
7. Q9RJU5 +1.7 17. Q9EX28 +1.1 27. Q8YJQ6 −0.9
8. Q8UE64 +1.6 18. Q8ZR30 +1.1 28. Q8YY83 −1.7
9. Q92MQ9 +1.4 19. Q8YD94 +1.1 29. Q8UKE2 −2.1
10. Q988J7 +1.3 20. Q9VNF4 +0.8
*
Subset that includes enzymes with both of the specific Asp and Arg residues at the cofactor recognition positions 38 and 39.

a
Accession code to combined SWISS-PROT/TrEMBL sequence database3.

b
ΔEel = [Eel(NADP) − Eel(NAD)]
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