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Abstract. Amide tautomer imidic acid were exit, which proved by NMR spectra
characterization. The protein BSA was test by 1H NMR in different pH values solutions,
to show the different amide/imidic acid structures exit in BSA. The amide/imidic-acid
unit with H proton communication might be the biological protein based information
active structures. This paper might to conclude that amide/imidic acid units consist of
based information functional active structure units of protein, which will be significant
in biological and chemical researches, and will open new times in protein biology.

Introduction

Amide was base group in organic chemistry [1] and biological chemistry [2].
Especially the amide was peptide bond formed protein to be the based units in
biological living body, and carry out livings actions. So the amides biological actions
were cared and researched since it was found in peptide and protein. Protein was based
livings macromolecules, which acting in cells and tissues to carry biological function
and to take the biological actions, such as blood red protein, enzyme, muscle protein,
serum albumin, and so on.

Protein take very important actions in biological bodies, which have four levels
structures based on peptide bond amide connected groups. For example, the bovine
serum albumin (BSA) is the important protein in the circulatory system. BSA has 582
amine acid surface groups. serum albumin have lots of physiological function such as
maintain the osmotic pressure and pH of blood [3], and transport a wide variety of
endogenous and exogenous compounds including fatty acids, metal, amino acids,
steroids and drugs [4]. These extraordinary characteristics of albumins have gained
extensive biomedical and chemical applications, which cause the research interest. The
human serum albumin (HSA) crystal structure has been determined [5]. Although the
conformation of BSA is thought to be similar to HSA due to 76% of amino acid
sequence homology, the three-dimensional structure of BSA has not be characterized.
The biological function of a protein depends on its conformation. The most informative
method X-ray, NMR, and MS have been used to research BSA. So the peptide bond or
amides in BSA in/external body should be characterized by NMR spectra to value the
amide actions in protein.

It was should be notified that amide has tautomer, which was imidic acid structure
(Scheme 1). The amide resonance structure of imidic acid (HO-C=N) has been studied
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during previous experiments [6], and quantum chemical studies [7]. Note that amide
and imidic acid are tautomers of each other, and the tautomeric ratios [8] depend on
conditions such as the temperature, solvent, and pH. The imidic acid structures have
been proved in Polyamidoamine (PAMAM) by 15N NMR, 1H NMR, 13C NMR, and
IR spectra [9]. The imidic acid was invested for connecting with the intrinsic
fluorescence of polymer PAMAM [10]. The related works show the amide/imidic acid
tautomers were transferred at different pH conditions, which might be connected with H
proton actions. The H proton transport in peptide and protein have invested by Quantum
Chemical Theory method [11], which to predict that H proton might be conducted in
pertide chains to carry some information in protein actions.

This paper used NMR spectra to prove the amide/imidic acid tautomers exited in
N-methylacetamide molecule and in protein macromolecule. Based on these pH
dependent NMR, it was tried to deduce that amide/imidic acid tautomers related to
biological protein actions.

Results and Discussion

Materials and Methods

N-methylacetamide, NaOD, P,Os was purchased from Aladdin Agent Inc. Bovine
Serum Albumin (BSA) was purchased from Biotss Biotech Inc. Nuclear Magnetic
Resonance (NMR) data were test by 600M BRUCKER NMR spectrometer. The pure
N-methylacetamide liquid sample were took NMR firstly. There in D,O by adding
NaOD or P,0s, which aimed to modified the pH values of NMR samples. The adding of
NaOD kept base condition, and P,0s reacted with D,0O to give D3PO, for acid condition.
The BSA samples in D,0O kept as base, neutral, acid conditions were prepared and to
take NMR spectra.

X X

JCH

HaC” N7 2 Hye™ SO
H

M-methylacetamide N-methylacetimidic acid

Scheme 1 structure of molecules N-methylacetamide and N-methylacetimidic acid to show the tautomer
of amide/imidic-acid.

NMR Structure Characterizations

N-methylacetamide is secondary amide. The amine acids formed peptide bonds in
protein, which are most secondary amide. Therefore using N-methylacetamide to take
NMR test can help for protein amide researches.

The 1H NMR spectrum of pure N-methylacetamide liquid gave in Fig. 1. The NMR
peak 8.55 ppm was attributed to amide H connected with N atom, which was traditional
amide H peak. The multi peaks 2.12 to 2.37 and 2.87 to 3.36 ppm were attributed to two
methyl peak. It should be noted the peaks 4.87 ppm, which used to be regarded as water
before. The Fig. 1 NMR spectrum was pure liquid sample without increase any solvents,
so there was no water in sample. Consider the reference 12, the 4.87 peak should be
attributed to hydroxyl structure which might be imidic acid, which H was connected
with O as HO-C=N peaks.

The Fig. 2 shows the 13C NMR of pure N-methylacetamide liquid sample. The peak
171 ppm was attributed to the amide carbon. The peaks 22.15 and 25.72 ppm were the
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two methyl carbons of N-methylacetamide. The small peak 173.97 ppm should be
attributed to carbon of imidic acid, and in respondent to the two methyl carbons peaks
of N-methylacetimidic acid that at 19.72 and 29.30 ppm. The 1H NMR and 13C NMR
of N-methylacetamide can confirm that there exits N-methylacetimidic acid structure in
sample. It can be say that amide and imidic acid tautomers co-exit. The ratio of
amide/imidic-acid in N-methylacetamide was about 10:1, which got from the H NMR
integral areas in Fig. 1.
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Fig 1. The 1H NMR spectra of pure N-methylacetamide liquid.
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Fig 2. The 13C NMR spectra of pure N-methylacetamide liquid.

1H NMR of BSA Protein in Different pH Values

The NMR method was used to detect the amide structure in BSA protein. NMR can
detect not only surface groups, but also the internal H structures information of protein.
Fig.3 show the 1H NMR spectra of BSA in D,0, which pH was about 7. There were
many multi peaks in Fig. 3, which were display biological information that were
unknown and undetermined. The peaks range 6.72 to 7.32 should be attributed to amide
H on N atom. It were noted that wide peaks 3.83 ppm, which should be attributed to
imidic acid H on O atom. The integral areas amide/ imidic-acid ratio was about 2.93 :
3.20. The BSA has amide groups and imidic acid groups ration near 1:1.
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Fig 3. The 1H NMR spectra of BSA in neutral condition D20.

Fig 4. Show the 1H NMR spectra of BSA in D,0 by increased base NaOD, which pH
was > 7. After increased base, the BSA NMR gave sharp peaks; many wide peaks have
been disappeared, which mean the biological actions of BSA have been destroyed by
strong base NaOD. To compare with the neutral pH Fig. 3, the Fig. 4 at range 6.35 to
7.20 show many sharp peaks, which were attributed to amide groups, and the integral
areas were 4.09+1.38+1.11. It was noted in Fig. 4, the peaks range from 3.8 to 4.2
disappear near to zero line with integral area near 1.0, which mean the imidic acid group
have been destroyed and transfer to amide type groups. The Fig. 4 might be concluded
that imidic acid take many biological actions information that have been destroyed by
base NaOD, and imidic acid change into amide type groups. The amide/imidic-acid
integral areas might be 6.58/1.0.
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Fig 4. The 1H NMR spectra of BSA in base condition D20 increased with NaOD.

The Fig 5. Showed the 1 H NMR spectra of BSA in D,0 by increased P,0s to take as
D3PQO4, which pH < 7. The peaks in Fig. 5 kept as some wide peaks, which might mean
the D3PO, took little destroyed on BSA. The amide peaks 7.26 ppm with integral areas
6.46. The 4.04 wide peaks were the imidic acid peaks, which integral areas 11.96. So
the ratio of amide/imidic-acid was about 1 : 2 in acid pH conditions.

The Fig. 3, 4, 5 show BSA 1H NMR in different pH conditions, which show the pH
values effect on amide/ imidic-acid ratios. Base increased amide type groups, acid
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increased imidic-acid type groups. It could be concluded that H proton act on the ratios
of amide/imidic-acid, and H connected with the BSA biological information, by
modified the ratios of amide/imidic-acid to effect on the biological actions of BSA. So
the H proton information based on amide/imidic-acid ratios and positions of amide or
imidic acid, which formed the BSA protein information edited code units, changed by H
proton conditions.

Exchange H proton conditions, internal protein D exchange HO-C=N proton ,that
were proton information communication channel, D must go through proton channel
and then will take proton exchange with HO-C=N, under neutrol and acid condition, D
did not gone inti protein and without exchange the H in HO-C=N. While in base
condition, the internal protein HO-C=N transfer to amide, to not take HO-C=N proton
peaks.
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Fig. 5 the 1H NMR spectra of BSA in acid condition D20 increased with P205.

Biological Meaning

Protein was the base biological macromolecules, and take lot of kinds of biological
actions. Until now, many protein action mechanisms were still unknown. The protein
has four levels structure, which were amine acid form peptide by amide bonds. The
amide takes very important actions in protein, while the amide action structure and
mechanism were at initial stages. The chemistry method research amide have taken long
time, such as the IR spectra of amide take | band, I band, 11l band character absorption
peaks [12] . The IR and NMR can help to release the amide structure to invest the
proteins functional active units.

The NMR of N-methylacetamide and BSA protein under different pH can determine
that amide has tautomer imidic acid structure, which transition was connected with H
proton conductions. So the H proton conduct can change the amide/imidic-acid
tautomer ratio, which may be connected with protein active function.

Conclusion

NMR spectra determined the amide/imidic-acid tautomer exits in N-methylacet-

amide. The amide/imidic-acid tautomer transition by H proton transferred and
conducted. The 1H NMR of BSA proteins show the amide and imidic acid transition
under different pH. In one words, H proton communication modified the protein
information based on amide/imidic-acid tautomer code structure units. This deduction
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might help to explain the protein active function and mechanism. This result that H
proton communication based on amide/imidic-acid tautomer unit will open a new time
in protein biology.
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