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Figure 1 The formation of peptides and nucleic acids mediated by N-
phosphoryl amino acids. N-dialkyloxyphosphoryl amino acids (NDA-
PAA) could be self-activated to form circular intermediates (Ps-CAPAL)
which can react with nucleosides or amino acids to generate
dinucleotides or dipeptides, respectively. The reaction of P;m with
amino acid can produce cyclic amino acid-phosphoric anhydride
intermediate (CAPA). CAPA can react with alcohol to give Ps-CAPA2
through ring opening and ring closing, and can further react with amino
acid to synthesize dipeptide. The reaction can be extended to produce
oligonucleic acids and polypeptides.
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Figure 2 Phosphotransfer Types mediated by N-phosphoryl amino
acids. Path a: high-energy P-X bond transfers to P-N bond; path b:
transfer from P-N bond to P-O bond via transesterification; path c:
transfer from P-N bond to P-O bond by N—O transposition; path d:
transfer from P-N bond to P-OCO bond through ring open. path e:
transfer from P-N bond to P-OCO bond by reaction with carboxylic
acid. A: acidic group; B: basic group (color online).
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Figure 3 Types of phosphorylation on proteins. (a) O-phosphoryla-
tion, occurring on the side chain hydroxyl groups of serine, threonine,
and tyrosine; (b) N-phosphorylation, occurring on the side chain
imidazolyl group of histidine, amino group of lysine, and guanidine
group of arginine; (c) acyl-phosphorylation, occurring on the side chain
carboxyl groups of aspartic acid and glutamic acid; (d) S-phosphoryla-
tion, occurring on the side chain sulthydryl group of cysteine (color
online).
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Figure 4 (a) Typical TCS phosphorelay pattern: phosphate group is
transferred directly from HK to RR; (b) cascade phosphotransfer

pattern: phosphate group is transferred from HK to RR with relay (s) by
RR, HK or HPt (color online).
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Figure 5 Phosphotransfer between histidine kinase (HK) and regula-
tory protein (RR) in a two-component system. Under the activation of
aspartic acid, the histidine in the catalytic center of HK can attack the y-
phosphate group of ATP and be phosphorylated. The phosphate group
can be further transferred to the aspartic acid of RR, and the phosphate
on aspartic acid can also be transferred to the histidine on HK or HPt. A:
acidic group; B: basic group (color online).
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Figure 6 Substrate phosphorylation catalyzed by nucleoside dipho-
sphokinase (NDPK). NDPK first transfers the y-phosphate group of
ATP to its own histidine, which can then be delivered to the histidine of
the substrate protein or small molecule nucleoside diphosphate. A:
acidic group; B: basic group (color online).
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Figure 7 Local diagram of phosphotransfer action mode catalyzed by
guanidine kinase. The two arginines of the kinase interact with the y-
phosphate group of ATP and the two glutamic acids interact with the
guanidine group of substrate molecule to achieve charge neutralization
and precise alignment. A: acidic group; B: basic group (color online).
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Figure 8 Phosphotransfer transition state of Ping-Pong model. After
aspartic acid accepts the hydroxyl proton hydrogen of the substrate, the
oxygen anion attacks the y-phosphate group of ATP to form a penta-
coordinated transition state. Lysine neutralizes the negative charge of
phosphate. A: acidic group; B: basic group (color online).
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the involvement of acid amino acids. B: basic group (color online).
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(color online).
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Abstract: Multiple phosphotransfer reactions can occur on N-phosphoryl a-amino acids, and only a-amino acids can be
activated by phosphorylation. In today’s living systems, the transfer of phosphorus still plays a dominant role in the
information transmission. In prokaryotes, two-component system (TCS) is the most important signaling system for
bacteria to sense and response the complex external environment. The molecular basis is that the phosphates delivered
from histidine of histidine kinase (P—N bond) to aspartate of regulatory proteins (P-OCO bond). In higher organisms, y-
phosphate of ATP is transferred to the hydroxyl group of the substrate protein (P—O bond) via a kinase with highly
conserved acidic and basic amino acids in its catalytic center. If N-phosphoryl amino acids are miniature models of TCS,
do kinases of higher organisms utilize a phosphotransfer mechanism similar to TCS? This review summarizes the
phosphotransfer processes mediated by N-phosphoryl a-amino acids and kinases, discussing the possibility of the N-
phosphoryl amino acid model as a “molecular fossil” of today’s phosphotransfer system, and hopes to provide new
insights for the kinase catalytic mechanism and kinase development based on new drugs.
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