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Hydration process in the product releasing of the enzymatic cycle of

Adenylate Kinase

Kong Jianyang”, i Wenfei, Wang Wei
(School of Physics, Nanjing University, Nanjing, 210093, China)

Abstract: Adenylate kinase (AdK) is a multisubstrate enzyme catalyzing the reversible phosphoryl transfer reaction ATP-Mg® ' +
AMP=ADP-Mg”" + ADP and maintaining the energy balance of the body. The rate-limiting step of the whole AdK catalytic cycle is
the product ADP releasing which is coupled with conformational change and hydration process. Recent research reveals that the substrate
ATP and product ADP cobound state tends to facilitate the rate-limiting product releasing. In this work, by using all-atom molecular
dynamics simulations with hamiltonian replica exchange and umbrella sampling, we simulated the hydration process of the Mg”"

phosphate groups of the products/substrates and the key residues in the binding sites during the disassociation of product ADP. The
results show that the oxygen atoms of the phosphate groups coordinated with Mg®™ can be gradually replaced by water molecules during
the releaing process of the product ADP, demonstrating a coordination exchange process. Meanwhile, the results show that the
coordination exchange is more prominent in the substrate-product cobound state than that in the two-product bound state. In addition, the
radial distribution function of water molecules around the Mg® " reveals that more water molecules enter into the fist cooridnation shell in
the substrate-product cobound state. We also analyzed the detailed hydration process of the product ADP and the key residues in the
binding sites. As the hydration process can affect the product releasing, our work provides insight into the detailed molecular mechanism

of the product release of the enzymatic cycle of AdK.
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Enzyme

LID domain is colored in red, NMP domain is colored in blue and core domain is colored in green.
Bl (a) AdK#REHRESMRE LM (PDB code: IAKE ™); (b) AdK # R 3T TR 45 10 R 445 45 ¥ (PDB code: 4AKE™)
(c, d) AdK T T AT BE B0 fE L B IR BE 12, IR R (N W R IR ATP 574 ADP £ F R &S (ATP-ADP 77 37),
B1Z()ZE B ATP-ADP £ EH
Fig. 1 (a) Crystal structure of the AdK at the closed state (PDB code: 1AKE), (b) crystal structure of the AdK at the open state

(PDB code: 4AKE), (c, d) two possible pathways of the enzymatic cycle

In the pathway (c), the new substrates bind to the enzyme after the fully release of the products, whereas in the pathway (d),

the new substrate ATP binds to the enzyme before the release of the product ADP in the NMP domain, forming
the substrate-product cobound state (ATP-ADP).
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F1) 388 87 6 TR 69 S 7] B B 1 24 keal-mol ™A 78 i ik
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Number of coordination

DD&close DD&open TD&close TD&open

AdK state

2 SRR

2.1 RFHEFASENFATH M KELER

FE TP A K G R AR T Y T A R A R A, X
BT Y RE A A 8] = X HBEWAEN . B
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(b)) Mg B & R=E, AL AL AT ATKEXADDEHNHUEAS. DDENMEFE. IDSHUEASTUR
TD SN EFE Mg HELT BNKET

Fig.2 (a) Average number of H,0 coordinating with Mg** in DD and TD states at the closed and open states (error bar indicates

the standard error of the number of H,O in the corresponding state), (b) representative structures showing the coordination

between Mg” and H,0 in DD and TD states at the closed and open state
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(@) (b)
5 10— phosphate O 5 10 —=— phosphate O
"('“' — HQO "5 —— Hzo
._g 8 | —— phosphate O and H,0 % 81— phosphate O and H,O
] p— o Tiriass g 6 FHE A
S 4t S 4}
5 | A gaiuee 3
g 27 g 27
Z 5710 15 20 25 30 Z 5 10 15 20 25 30
Substrate-AdK distance(A) Substrate-AdK distance(i)
(c) N=3
. W4
(d)

3 DD#(a).TD#(b) N NMP #4935 7= ADP B i 32 fh Mg™ BL AL 8 =1L ;
DD #5(c) . TD #5(d) T NMP & #3874 ADP BT B Mg* B £ T REE
Fig.3 Number of coordination of Mg** during the disassociation of NMP product ADP in the chemical states of DD (a)
and TD (b),representative structures showing the coordination of Mg** during the disassociation of NMP product ADP
in the chemical states of DD (c¢) and TD (d)

(@ (b)
6l —— Substrate-AdK 7A 61l —— Substrate-AdK 7A
—— Substrate-AdK 9A —— Substrate-AdK 9A
Substrate-AdK 11A Substrate-AdK 11A
L 4t Substrate-AdK 13A TN 4t —— Substrate-AdK 13A
E — Substrate-AdK 154 g —— Substrate-AdK 154
2t 2t h Q
0 - . . 0 . : .
5 10 15 5 10 15
Distance (A) Distance (A)

4 DDZ5(a).TDZ(b) T ,NMP =4 ADP B KU R AR B B Mg” BB k5 FHIEE 5 &
Fig. 4 Radial distribution function (RDF) of H,O around the Mg** during the disassociation of NMP product ADP in the
chemical state of DD(a) and TD(b)
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WIS FEEHKS FEHE ;(e,f) DDAF TD Z T, LID - core 45 #915 5 1 BE 55 (€)1 NMP-core Z #4380 BE B (DL .
Fig. 5 Number of H,O coordinating with binding sites in the chemical state of DD (a) and TD (b) state, number of H,O coordi-

nating with substrate/product in the chemical state of DD (c) and TD (d) state, LID-core distance (e) and NMP-core distance(f)
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