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Abstract: Urease decomposes urea to ammonia, and has application potential in agriculture and medical treatment. Urease
proteins include structural proteins (UreA, UreB and UreC) and accessory proteins (UreD/UreH, UreE, UreF and UreG), each
of them has its own unique role in urease maturation. The structural proteins form the active center of urease, and the
accessory proteins are responsible for the delivery of nickel. We review here the structure and function of bacterial urease
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complexes, and how each protein interacts to complete the activation process. We hope to provide theoretical basis for the
regulation of urease activity and the development of urease inhibitors.
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Fig. 1 Organization of representative urease gene clusters'?. Genes encoding urease subunits are shown in blue, the
ureE gene encoding a metallochaperone is green, other urease accessory genes are purple, genes encoding proteins
involved in nickel uptake are orange, those encoding proteins related to urea transport are red, and unknown genes are
white. The sizes of the arrows do not accurately reflect the sizes of the genes, and the number below the arrow indicates
the number of amino acid residues contained in the protein encoded by the gene.
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Fig. 2 Urease structural protein of K. aerogenes and H. pylori'*?. (A) K. aerogenes urease (PDB code: 1fwj) with
UreA depicted in blue, UreB in white, and UreC in red, together forming a (UreABC);structure. (B) H. pylori urease
(1e9z) with UreA (corresponding to a fusion of the two small subunitsin the K. aerogenes enzyme) depicted in blue and
UreB (analogous to UreC in the K. aerogenes protein) shown in yellow for one (UreAB); unit, with three more
(UreAB); units shown in gray included in the biologically relevant [(UreAB)s], structure.
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Fig. 3 Schematic representation of the proposed mechanisms for urease activation. The urease activation mechanisms
proposed so far involve either the sequential binding of UreD, UreF and UreG to apourease (mode 1)™ or the direct
interaction of a preformed UreDFG protein complex (mode 2) to the inactive form of the enzyme, to build a
preactivation complex that prepares apourease for nickel binding. Ni(II') ions were suggested to be directly delivered by
UreE to apourease in the final step of the process™?. The mode 3 shows that UreE/Ni is first combined with UreG to
form UreG,UreE,/Ni to transfer Ni to UreG, then UreG/Ni is separated from UreG,UreE,/Ni and combined with
UreD:UreF and apourease®”). GTP (red five-pointed star) plays an important role in the activation of urease, which
hydrolyzes to GDP (blue five-pointed star).
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Fig. 4 Crystal structure of H. pylori urease accessory
protein UreF/H/G complex (PDB code: 4H10)*¥. Shown
are two views of the (UreH:UreF:UreG), complex from
H. pylori (UreH, UreF, and UreG in shades of yellow,
gray, and magenta, respectively). A GDP molecule (cyan)
islocated in each UreG.
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5 HAIEAFE UreE,/Ni Y5900

Fig. 5 Crysta structure of Helicobacter pylori UreE bound to Ni**(PDB code: 3TJ8)*. Blue and red are one

monomer of UreE,, and green is nickel ion.
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IR W AE LT JUAS T TSR A 5T -

1) ASLge=E N B IRR RV 24,
AL HERE B IR 2 A0 R RS0 o3 88 S 8% L IR
il 700 B 1 DA K 3ol v 3 1 U i T
o ) JOR T OO0 3403 A TR A 55 o A DR 3R 0l TR B A4 Sb
BRSO, FRATT ) DR AR TR A R s SR A A
AR, I B Wy B8 T MR SRR IR . A
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1537 MACF AT A A A8 R B, 3k 5 FhRER 4>
B T IR RERE Y, AR ES
XoF I il 41 80 79 £ T AR R 1 B R L AT Tk
b, YA R SRS SR T %™ B T
B IRE M. B FUH RN g R
PRGHAT TR KBS T, IREFN SR G R
3 S S B R AR 590, ) P e e 0 P B AR A
FEIRFE TR 16STRNA LRk, 78 798 B
PPR R I3 18 0 (BRI T )R- Pseudomonas, £ 3K T4
J& Qreptococcus. FEIMLFF# & Haemophilus, ZF4f
& Bacillus, %35 [GIH )& Neisseria, ki &
Actinomyces FIBE IR AR Succinivibrionaceae .

AL FRAT T 41 ) 550 4000 ) DR 2R S il o1 1 4 P i
HIEAIERE, IS 7 itk 254 ey . 43
S0 ' S IR I o3 A A, T 9 12 A R O I 199 3 A
2, AR I AR 0 IR B )R e et i T H
HUXTIRE ' h KRR 3 i B o A A AR 2
TR EER (ureC) S22 Hr & R RS vh Y IR 3R 03 ik
A bR A TE R BRI, R
WA . [EAHANE B RER AR, ] Miseq iF1 7
ureC ELPRIA4 S AN Y, ZREE kB, FRLER
#F} Methylococcaceae, 12 #} Clostridiaceae, 2%
ZF 8 #F I Bl Paenibacillaceae . 12 T 7 Bl
Helicobacteraceae #i1# H J& i £} Methylophilaceae
¥ ureC JE [N 3= i Bt

Wl E 2 L A i PRk e, g R R
AR S SO Re st T EEAF R L, BItE
3k 7 R DR A e AR RAT AR 35 Sk A O e R
FEIREER S HT WS R A R, K2
AR TG I 1] o it LAFRATT R A 2 6
20 P e ARG A5 BN A B R BedE A7 984% . Binning
(GrAEs AT . R R, 153 T 2%
P S R 7 5 22 w45 2 A A0 354 1 ureC )7 471
HEAT HORT, e ZARAG D0 S DR it 40 o Y S R .
U P R AR R g i) BE R TEAR AN ik, R
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IRl 4K PR 2 K 1 B T TS MR I i TS AR T
PITEPE, T — 2D 5T 2 A TR IR B 2 1 2B
BiN:ic

2) MBI IIRESE . CAVIRIEN, A
B UreG —RAKW LIS UreFH, ME5H & FIE %,
SAY, 3 H UreG Fl UreFH, 2 1] A B AE %)
FUREHE L X E L, R AR UreG 5K
AT 545 IR UreFoH, AHEAERIRY . JEE.
UreG m[ 1Y UreE JE UreE,G, E 54, %E S
Y UreG J& LA i 2 — R Ik g0
UreE, &5 Gt R M. HAET L E =X UreD/UreH
5 UreF B90T5E, AT7ESLEd frb & B UreD
55 UreF AR T~ HoAth 4 By 2 AR08 ME A AT 3 1 3445
2, 1fii UreD/UreH 5 UreF 2 IR A6 7 T it e
HBh#EE A, FrLd UreF 5 UreD/UreH 2 [a) Uil 46 %%
BT I 2 AR TSRS E R E A

3) JREEEI R L . Seil i B TE
IRt 26 11 S A R A TR AP S JE T 1C50 SR
P 18 B A TP R T R . 2 JE R T A
ik it P BRI S R ORI 5 A A T R BT
PO A S HE T RE SR 1, X R DR AT ) 700 %) TF &
NAHHEAEZERE X,
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