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/ Scientific Abstract &

By using protein crystallography and X-ray diffraction, structures of bacterial
enzymes were solved to gain a better understanding of how enzymatic modification
acts as an antibacterial resistance mechanism. Aminoglycoside phosphotransferases
(APHSs) are one of three aminoglycoside modifying enzymes that confer resistance to
the aminoglycoside antibiotics via enzymatic modification, rendering many drugs
obsolete. Specifically, the APH(2”) family vary in their substrate specificities and also
in their preference for the phosphate donor (ADP versus GDP). By solving the
structures of members of the APH(2") family of enzymes, we can see how domain
movements are important to their substrate specificity. Our structure of the ternary
complex of APH(2”)-llla with GDP and kanamycin, when compared to the known
structures of APH(2”)-1Va, reveals that there are real physical differences between
these two enzymes, a structural finding that explains why the two enzymes differ in
their preferences for certain aminoglycosides. Another important group of bacterial
resistance enzymes are the Class D [3-lactamases. Oxacillinase carbapenemases
(OXAs) are part of this enzyme class and have begun to confer resistance to ‘last
resort’ drugs, most notably carbapenems. Our structure of OXA-143 shows that the
conformational flexibility of a conserved hydrophobic residue in the active site
(Val130) serves to control the entry of a transient water molecule responsible for a
key step in the enzyme’s mechanism. Our results provide insight into the structural

kmechanisms of these two different enzymes. /




Bacterial Superbugs <L

MRSA

Where do superbugs come from?

Traditionally bacteria Bac_teria
are not resistant multiply by
to antibiotics the billions

Some of these mutations Antibiotic resistant
make the bacterium bacteria multiply
resistant to antibiotics and thrive
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bacteria will survive

U.S. antibiotic resustant mfectlons are responsible for:

*20 BILLION | *3o BILLION

INn excess healthcare costs | n societal cos
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Practices that foster resistance Help Your
; Antibiotics

taking antibiotics for non-bacterial
iliness

not taking all of antibiotic
non-human use of antibiotics

* Take as directed
* Finish the full
prescription even
if you are feeling better
* Help prevent antibiotic
resistance




/Antibiotic Resistance Mechanisms
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Diminished cell entry
Active efflux
Target Alteration

« Enzymatic modification of drug
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B-lactams and aminoglycosides
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/ B-lactamases

4 Classes: A, B,C,and D
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Class D B-lactamase enzymes - oxacillinases
(OXA)
« Deactivate a wide range of antibiotics
« Carbapenems—’"last resort” drugs

Common host species:
Acinetobacter baumannii

Microscope (left), petri dish
(right)

Carbapenem resistance has increased due to the spread of OXA-type 3-

Qctamase /




@inoglycoside Modifying Enzymes (AMES)QSL

AMEs cause high levels of resistance to aminoglycoside antibiotics

v

 Promiscuous substrate
profiles

 Can be used to treat
endocarditis & genetic
disorders

3 Families of AMEs:
acetyltransferases, nucleotidyltransferases@hotransferases (APHSs)
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@inoglycoside Modifying Enzymes (AMEs) <"
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AME

Gentamicin

3 Fe

g’ -I(-:IHJ -%CH These sites all open to attack from aminoglycoside modifying enzymes
acel | ™ ’ PHSs)
k Modified from Antimicrob Agents Chemother 1999;43:727-37 /
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Nomenclature of APHs
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Site of hydroxyl group in
phosphorylation

Enzyme’s amino acid
composition, distinguish
genetic sequences

APH(2")lla;

Enzyme’s substrate specificity

2” Family: la, lla, llla, IVa

/
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APH(2”) Family &
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* Previously considered to
solely use ATP for antibiotic
modification/phosphate source

« APH(2")-la and APH(2")-llla:
GTP preference

« APH(2")-lla and APH(2")-IVa:
equal GTP and ATP
preference

Why do these enzymes have
these specific preferences?

Must look at structure of

enzymes
Gatekeeper residues
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/My Project: APH(2”)-llla and OXA-143 <F

Steps of a Protein Crystallography Experiment

4. Process data, XDS consistently gave the best results for each structure

and its data set
5. Molecular replacement: method used to solve structure by used a similar

structure as a model, use program MOLREP

For OXA-143: OXA-24 (87.6% similarity)
For APH(2")-1lla: used wild type with kanamycin and GDP

6. Analyze structures
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/ Enzyme Mechanism &
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Reaction is occurring characteristic to all beta lactamases:
(1) Acylation Step: Acyl-enzyme intermediate

E+S — E-S

(2) Deacylation Step: Breakdown of acyl-enzyme intermediate

H,0
E-S — E+S*

S’ = active substrate
* = deactivated substrate

OXA-143 structure found to have similar structure to other known OXA enzymes
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Results: OXA-143 P
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* A1: deacylating
water
Ser81: (1), initial
covalent bond
Lys84: activates
A1
Ser128,Lys218:
H bond
connecting

domains, at base
of active site

Ser219, Arg261:
in conjunction,
substrate locked
in

Trp167: stabilizes
Lys84

Val130: A1
occupancy
control




/ Results: OXA-143 &

Deacylating Water

* In active site near Valine 130
» Val130 exists in 2 conformations
« Water transiently present depending on the conformation of Val130




4 APH(2”)-llla Structure &

N terminal

GDP




4 Results: APH(2”)-llla <P\

SSAL

« With and without kanamycin—> no helical movement, same known about |Va
from previous work
« Real position differences between llla (yellow) and APH(2")-1Va (green)
« Kanamycin moved toward active site/helical domain away from the
Aspartate in APH(2")-1lla
« Supports known differences in substrate profiles/specificity

A\

APH(2")-1lla v.

2’)-
APH(2”)-IVa/




/ Summary &

OXA-143
« Sidechain conformation of Val130 is controlling:
* Access of water
« Reaction rate of enzyme through deacylation process step 2
 Different control mechanism than other OXAs
« Drugs have to account for such differences among the
OXAs—> pose more difficulty in creating unique inhibitors

APH(2")-llla
« Each APH(2") is named differently because of their different
substrate profiles
« Supported by real structural differences observed

\_ /




Acknowledgements

SSRL 1l A h
Clyde Smith Jl—l-\\'

University of Notre Dame

Sergei Vakulenko




-

" 33AL

Bibliography

Amyes, S.G.B., Evans, B.A., 2014. OXA B-Lactamases. Clinical Microbiology
Reviews, 241-263.
Bonomo, R.A., Leonard, D.A., Powers, R.A., 2013. Class D 3-lactamases: a
reappraisal after five decades. Accounts of Chemical Research, 2407-2415.
Byrnes, L.J., Frase, H., Smith, C.A., Toth, M., Vakulenko, S.B., 2012.
Aminoglycoside 2"-phosphotransferase llla (APH(2")-1lla) prefers GTP over
ATP. J. Biol. Chem. 12893-12903.
Chow, J.W., Mobashery, S., Toth, M., Vakulenko, S.B., 2009. Source of phosphate in
the enzymic reaction as a point of distinction among aminoglycoside 2”
phosphotransferases. J. Biol. Chem. 6690-6696.
De Pascale, G., Wright, G.D., 2010. Antibiotic resistance by enzyme inactivation:
from mechanisms to solutions. ChemBioChem 1325-1334.

Ramirez, M.S., Tolmasky, M.E., 2010. Aminoglycoside modifying enzymes. Elsevier
Ltd. 151-153, 162-165.

\_

/




	Page 1 of PPT.pdf
	�Bacterial Enzymes and �Antibiotic Resistance


