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Dear Participants, #& % %

e In this test, you have been given the following task:
o hHAIepEHY > RS Fw FTIAHP
Task 1: A: Study of B-lactamase activity and its inhibition (35 points)
St~ A B -lactam E@Eﬁliﬁf?&?ﬁﬂﬁjm (35 77)
B: Correlating B-lactamase expression to resistance (4 points)

%EJ B - lactam TEFYAIFEEHAE (4 57)
C: Correlating K;values of pesticides to bacterial growth (4 points)

C : ZBAHIY Ki [SHEHY S 2 pURyE (4 57)

e You have to write down your results and answers in the ANSWER SHEET.

Answers written in the Question Paper will not be evaluated.
o IS I T A RS b o YU BN E (R TR

¢ Please make sure that you have received all the materials and equipment listed

for the task. In case any of these items is missing, please raise the yellow card.

o TR B PVTLREEEE o P FIH A RS R PRI E R = A
' T N | |
[F,J » Y[IE ﬂ\ F’fﬁ&,j\ EL > ﬁ%@?ﬁﬁj 0

e At the end of the test, put the Answer Sheet and Question Paper in the envelope.

The supervisor will collect this envelope.
o [ENHEE MFEEFY B FHE - FE DO FH -
Good Luck!! Rl I
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Task 1 ZfE -

PART A (35 points) 37— ﬁ[ﬁ;’} (35 57)

Study of B-lactamase activity and its inhibition

B - lactam z‘@ﬁﬁiﬁ[@%mﬁjﬁmﬁ
9y Sﬁﬂﬁ‘ :

Materials and equipment

PR

1.

10.

Colorimeter, with a set of seven cuvettes

B B A (0 8) ET

. Test tubes

Test tube stand

Micropipette (10 — 100 ul capacity)
rﬁ%p&g‘((ﬁﬁi 10 — 100 pl)
Micropipette (100 — 1000 ul capacity)
%?PE*E?(“[’EI 100 — 1000 pl)
Micropipette tips (10 — 100 ul capacity)
rﬁ%pkgﬁpbgg (”’Fﬁii 10 — 100 pl)
Micropipette tips (100 — 1000 pl capacity)
fﬁ%pﬁmﬁgﬁ (”'Fﬁﬁ% 100 — 1000 pl)
Photographs of Petri plates

BRI A

Permanent marker

=y

Tissue paper roll

i 5%

Quantity

HrEl

13

20 fiL

20

13



11.Wash bottle containing distilled water
A Ryl

12. Container for wash and discard
B PrEkk ﬁ%ﬁ'

13.Graph paper
] s

Reagents (please see the next page)

W (5l )

1

1

139=

Label | Reagent Container

() | () (%)

A B — Lactamase enzyme (1.85 mg/ml) Vial
B — lactam i r%“(fg'dﬁgﬁf

B Inhibitor (100 mM) Vial
e R

C Penicillin G (0.54 mM) Blue-stoppered tube
AT G Frd Esj{g%q??

D Sodium phosphate buffer, pH 7.0 (10 mM) Blue-stoppered tube
LS R [ SRS

E CuSO4-Neocuproine reagent Blue-stoppered tube
TS — Pra “‘éﬁi}%ﬂ Freim e

F HCI (2 M) White-stoppered tube
IS Freng = PRS- Fy




Handling of micropipette:

OB R

Display
(LT )

Tip-holder(f® pifg * /)

Figure 1 (q%1'~

Adjustment method

ﬁﬂéﬁ 13

Turn the plunger (Figure 1) to set the value to the desired volume, which can be
seen in the display.
It He w;h%%}%; (plunger) Fﬁg@ﬂﬁ?ﬁ@pﬁg%ﬁg@o Fi T O B )

(Display) °

Remember that each micropipette has a fixed range of volumes as indicated
on the pipette. DO NOT CROSS THE LIMITS OF THIS RANGE.

F?ﬁj—ﬁl@?l/ f‘:"(ﬁi]ﬁf&'fﬁfﬁﬂ_‘[ﬂ fil &' [ ?%j%L[r‘f;[ R



Usage method

PUE 3k

Secure the pipette tip to the tip _holder (Figure 1). Gently push down the plunger to
the first stop, hold, and dip the tip into the solution vertically to a depth of 2 - 4 mm.
Release the plunger slowly and make it return to the original position. Remove the
pipette from the liquid and transfer the contents to the desired tube. Make sure that
the tip is close to the inner wall of the tube. Push the plunger to the first stop and
then push further to discharge the solution completely from the tip. Remove the
pipette from the tube. Eject the used tip into the discard container by pressing the tip-
ejector.

A i —FIEI"I B jﬁ pkz@pjﬁ E ﬂ‘ { (tip holder) - ﬁj\?‘:} 7+ (plunger) Z[z1— F > F=
5 T I Sl ST -dﬁ RPN AT 2 - 4 mm SRR o (R I

i ME[  PEIRR R R o IR oS @ﬁ%@ IR o R
BT BE N SR (plunger)EIMIHITY- B + 8IS PR 2 e
[ U HET o SR BRI B FE ] ™ I [ g (tip-eJector) M BRI PR R
==tk FLI anfll e
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Operating Instructions for the colorimeter:
e i
Figure 2 (q%ﬂ: )

-

Wavelength selector 4= &

[N

Cuvette holder F=< g‘fﬁﬂ "“:'f?'"

Mode selector f8i=1 2 &

PN

Set zero knob 55 &%

b B

Power Switch F'#J]%%




1) Turn the power switch (Figure 2) of the colorimeter ON.
FPHIE=FHRHRE - (O P

2) Set the instrument to Absorbance mode (“ABS”) using the mode selector.
}{ﬁjﬁ?&iﬁ%ﬁ%ﬂ@:iﬂ ABS % (Absorbance mode)

3) Set the wavelength to 465 nm using the wavelength selector.

FIIP [ S5 U= 465 nm i

4) Put the blank solution in a cuvette. Clean the outside surface of the cuvette with

tissue paper and insert it into the cuvette holder. Gently push the cuvette all the

way down.
S IO P B T RN © R
,P“”F"T% - {‘i’fﬁ"%’ EEF{@/E{?‘J’L—LE’['@I{{‘@ 5{%%1 o

5) Rotate the ‘set zero’ knob to set the reading to zero. The instrument is now ready

for measuring the absorbance of the test solutions.

P S ] © 0« P i IR [ S



Introduction

By /7

Penicillins are antibiotics with a characteristic p-lactam ring in their structure. This
antibiotic kills bacteria by inhibiting the cell wall synthesis. However, these molecules
are rendered inactive by some bacteria, which synthesize an enzyme called (-
lactamase. These bacteria, which produce B-lactamases, are resistant to penicillins.
Due to this, penicillin treatment is ineffective in patients infected with such resistant
bacteria. One approach to overcome this problem is to develop effective B-lactamase
inhibitors.

BRI IFRRL TSI B - lactam SBERRFOMRE S o RS SRR R
[RIAF RS T B o E ntEl%I'ﬁ F",E‘/ B-lactam 7 > féﬁ Tﬁii%ﬁ%uﬁﬁfmﬁ‘[‘iﬁ ° “gﬁElEe'l
PELEY o33 Brlactam TSRS 2 BRI o {il O HFAL G R
PRAE R R DR LTS o Rl RIPFE I - P B-lactam T IfIAY Rk
SHEfIpu T (e

The effectiveness of a B-lactamase inhibitor can be evaluated by determining its ICsg
and K; values. The ICs of an inhibitor is defined as the concentration of the inhibitor

required to inhibit the enzyme activity by 50 percent. The K; of an inhibitor is a

measure of its binding affinity for the enzyme.
R B-lactam F’%ﬁfﬂﬁjwyu\’zﬁ f}ff%@fﬁ% > 1Cs0 2= K; fifi = ICs0 ?ﬁﬁﬂﬁjﬂ 50% [#¥
IR © K SRR AT B o

Principle of B-lactamase assay

B - lactam T} FRCE!

B-Lactamase inactivates penicillin by catalyzing the following reaction:
B-lactam Tl (= 0 Gl ol AR S ORI R R



(B-lactam T&)

O H O H
N s B-Lactamase N s
S ne B AN
N _ O~ _
o ) )
(0] (0]

o K
Penicillin G Penicilloic acid
("I 1 G) (8P IR

The penicilloic acid generated is complexed with CuSO4 in the presence of
neocuproine. The yellow-colored product formed can be monitored by measuring its
absorbance at 465 nm using a colorimeter.

T ErE [“#f (neocuproine) & N o ﬂ%uﬁ'lﬁ@ﬁiﬁ? CuSO4 #5Y (= F,%"’J ° 5 :'—Fti‘ STy

PORVE T 465 nm s FphiE e A o

-+

In this task, you will:

e determine the ICsy value of a given inhibitor by generating a dose-response curve,
and

e calculate the K; value for the inhibitor.

B SR S PE TR Iy A
o Pl IFNRE SO £ g Rl o GRS 1Cso =2 K fif -

A dose-response curve for the inhibitor is generated by measuring the activity of -

lactamase in the presence of varying concentrations of the inhibitor at a fixed

concentration of the substrate.
ﬁﬂﬁjﬂéf‘rﬂﬁ@i%@ R TETASSRLA R T [RIRE Elfiﬁﬂﬁjlﬁ?ﬂ [EH M E5 B-lactam @ﬁl@ﬁﬂt& tH
A

10



Q. 1.A.1. (18 points) (18 57)

Follow the protocol given below and enter the absorbance values in_Table 1.A.1. in

the Answer Sheet.

[ RS R I AR S P LA g

Prepare the following reaction mixtures:

i S T

Test tube | Sodium Inhibitor | B-lactamase Distilled

(;:—:r%g‘f) phosphate (100 mM) | enzyme water
buffer, pH 7.0
(ST s E) | (FIIHPRD) | (B — lactam ™) | (B8 T°)

1 1.48 mi - 20 -

2 1.46 ml 20 pl 20 pl -

3 1.44 mi 40 pl 20 pl -

4 1.42 mi 60 pl 20 -

5 1.40 ml 80 pl 20 pl -

6 1.38 ml 100 20 pl -

Blank

) 1.43 mi 50 pl - 20 pl
FET

I. Mix gently and incubate at room temperature for 5 minutes. You may use the

wall clock or your wrist watch to keep track of the incubation time.
SR G ffke TSR IRED S 3 o Pl H D O =GR
FHE -

[I. Add 1 ml of penicillin G (0.54 mM) to each tube and mix gently. Incubate at
room temperature for 10 minutes.
fiéé/;;‘}éfgﬁ]ﬁp S ml LR G (0.54 mM) > f‘:{‘:iifiﬁ , f?ﬁ?ﬁf’iﬁﬂfllﬁﬁ?f
10 7564 o

11



IV.  Add 1.5 ml of the CuSO4-neocuproine reagent to each tube and mix gently.
Incubate at room temperature for 5 minutes.
AR 1.5 ml RS — B (SR - S S 2
5 i o

V. Stop the color development by adding 100 ul of HCI to each tube and mix
gently.
RN 100 pl BRI RE S R G S

VI. Set the colorimeter to 465 nm.
}H et lﬁjﬁzwl%# 465 nm -

VIl.  Use the Blank to set the absorbance to zero.
FII 2 1= R e R -

VIIl. Measure the absorbance values of the solutions in Test tubes 1 to 6, and
enter these values in the table. You should get any one absorbance
reading countersigned by the supervisor. To call the supervisor, raise
the yellow card.

SHINIEN 1 % 6 SRRSO ) - B [N DR, - e - 2
A R - R -

12



Table 1.A.1.

Test tube Absorbance
(FH) (b4 )

1

2

3

4

5

6

Data analysis and interpretation
PRI ATERHET
Q. 1.A.2. (6 points)(6 77)

|. Calculate the concentrations (in mM) of the inhibitor [I] in 2.5 ml of the enzyme
reaction in Test tubes 1 to 6 and enter these values in Table 1.A.2. in the Answer
Sheet.

Al 2.5 mil P2 IEpA s o R 1 = 6 BEHHPRIPRE ({15 2 mM) ELE&
T I}T&’é,‘%& 1.A.2. ]I

Il. Consider the absorbance values to be the rates of hydrolysis of penicillin G. Now
calculate vi/vo, where:

Vo is the rate of hydrolysis of penicillin G by p-lactamase in the absence of the
inhibitor, and v; is the rate of penicillin G hydrolysis in the presence of the inhibitor.
Note that for Test tube 1, v = vo.

PSS (iR Lofs e P b GV » T Mol vilvo, VT BT

Vo JLLE PRI 4877 14 G b B-lactam M- -

ViplE JﬁﬂfﬁWJ* I bR G B B-lactam TE-fizpd fify o

Ec: (W %?TW FIEEE™ vi = vo.

13



Enter these values (up to two decimals) in Table 1.A.2. in the Answer Sheet.
Table 1.A.2.

A R HIOE 2 ] BRIy OE iiﬁrini"“"%1A2 AL
Test tube (;%bﬁ) [1] (mM) VilVo

| O B~ W N =

Q. 1.A.3. (5 points)(5 s7) Plot a graph of vi/vo versus [I] in the Graph Paper

attached to the Answer Sheet.

g vivo S 1] s AN © AR QI FEE F -

Determination of the ICsy and K; value of the inhibitor
FIH#] 1Cs0 (122 K HIFORE
Q. 1.A.4. (3 points)(3 s3) Determine the ICs; value by interpolation of the data points

in the graph. Write the value (up to two decimals) in the box in the Answer Sheet.
FIRIF A 1Cso (F IR - T SRS SRR - 817 A
4 Q. 1.A4. Elfl—fﬂf??F[l o

ICs0 = mM

14



Q. 1.A.5. (3 points)(3 JJ)

Calculate the dissociation constant K; of the inhibitor using the equation:

IR Z5F R KT
IC,, =K, (1+M]
Km

where K, is the Michaelis-Menten constant of B-lactamase for penicillin G and [S] is
the initial concentration of substrate (penicillin G) present in the enzyme reaction
mixture.

Assume the K, of B-lactamase for penicilin G to be 0.05 mM. Write down your

answer (up to two decimals) in the box in the Answer Sheet.

Km £L B-lactam @Elfi,%%i‘-ﬁuii'ﬁfj’é‘? (Michaelis-Menten constant) - [S] E@Eﬁ%?ﬁiﬁ?ﬁz
HiAr T (i G) F‘fﬁt—“_‘ﬁfﬁ%@ o T EfERf - B-lactam TEXAFRTL A G Y Km fifi ]
0.05 mM o}[ﬁf—?fg;*:i‘ ’ %ﬁ@%&d@?&gﬁéiﬁ‘w@ ) 3 ? I?%i’é? Q. 1.A.5. Elfﬁﬂ]\?,Fll °

15



PART B (4 points)
Correlating B-lactamase expression to resistance
5Y= 151 : | B-lactam Tap skt (4 77)

When penicillin-resistant bacteria are grown in liquid culture media, B-lactamase is

secreted into the medium. The supernatant of such a medium can be assayed for -
lactamase activity. Culture supernatants from four different organisms (P, Q, R and
S), which are suspected to be penicillin-resistant, were obtained and 20 ul of each
was assayed for pB-lactamase activity. The corresponding absorbance values were

measured at 465 nm and are given in the table below.

*IJE'Jiﬁ’%%%?&iﬁ%ﬁ“ﬂ%F SPASEIAR > B-lactam @Tﬁ W%W?Uiﬁéﬁlf[' ° iﬁ%ﬁlﬁﬁ
R ﬁé“&d p-lactam f‘ﬁﬁgiﬁ[‘i& ° F E'Jiﬁfﬁiﬁéiﬁiﬂ?iﬁéﬁmmﬁy ST PP,
Q, R=* S (organisms P, Q, R and S) Eﬁ » 73 HIFV 20 pl ElfJiﬂ‘Fﬁ%ﬁ&éf? B-lactam ﬁ‘@ﬁ
PERIE » PIFTTE 465 nm ™ O Sk {53 pIEERae epl -

Organism (% ¥7) | Absorbance (-4 fifi)
P 0.090
Q 0.450
R 0.075
S 0.220

These four organisms were tested for their resistance to penicillin G by the disc

diffusion plate assay as follows:
DA PR I G Bt Sl (disc) P AT o RSy
1. Each organism was separately inoculated into warm growth medium and

poured into a sterile Petri plate. On cooling, the medium solidified.
BLEERCBIE LI EER e IR Rl T L s
% iﬁ%ﬁlﬁ‘ﬁ%ﬂaﬁl o

16



2. Filter paper discs impregnated with varying concentrations of penicillin G were

then placed on the surface of the medium.
P G, s T FRRE pUB S A Gl ST T AR ] b
B

3. The plates were incubated allowing penicillin to diffuse and organisms to grow.
SR AL g I A P P R

4. Organisms sensitive to penicillin will not be able to grow in the vicinity of the

antibiotic disc and hence, a clear zone will be obtained around the disc.
% [t PUUMU SR PO RLAR RS o PO S R P e AR
F OB RL -

You have been given labeled photographs of six plates | - VI.
O R 3 B E) | = VI fl SRpg

Plate | is a control plate showing uniform mat growth of organisms in the absence of

penicillin G.

37— 9= () VSR - 'S‘JTUEJ}HJEL ﬁnggT lﬁ‘Gf{ J[[[?fﬁll_k , j;frHJ}EI_JWES,_ oo

Plate Il is also a control plate that contains media without the growth of any organism.

AN R (1) AL Rl IR -

Plates Il to VI show the growth of the four organisms in the presence of penicillin G.
2.5,5,7.5, 10 and 12.5 are the micrograms of penicillin G present in the respective

discs.
5y IRE(BT 9= > B PUAE 2 P Frjl”r}ﬁ"‘ T [p RE PR T IAE G AR 2.5, 5, 7.5, 10
W25 4 Pt RAGH

17



Q. 1.B.1. (4 points) (4 ;7) Observe these plates and infer which organism is growing

in each plate. Write your answers in Table 1.B.1. in the Answer Sheet.

%_’—;:EF{ ES anL[}{" Felgu&?ﬂ{ﬁmg E&F’H I E] VI puzi e }H ’“‘g?%*:ﬁiw;j‘

r!i‘é}ad% 1.B.1. °

Table 1.B.1.

Plate (f#*) Organism (£ )

1]
v
\Y
VI

18



PART C (4 points)

Correlating K values of pesticides to bacterial growth

57— T&Fy’)‘ - FREEY Ki AR A S R VRS

Four pesticides P1 to P4 are reversible inhibitors of an enzyme E that is essential for
the growth of a bacterium B. Their K; values are given in the table below. Each of
these four pesticides is used in four geographically different regions R1 to R4. The
residual concentrations of these four pesticides in the respective regions are also
shown in the table below:

PIFEFREGR] P1 £ P4 LS E E{fijﬁﬁﬂfﬁWJ > BPFOAFIA B U RRLAIEIRY o PR
Ki 33 BT 7 % o VT IS R T IR B R E] R4 - PrE 7S,
HTRF I A5 A A

Region (FyZF! 5 18k) R1 R2 R3 R4
Pesticide (F& %) P1 P2 P3 P4
K; for the enzyme E 1 nM 5nM 0.45 uM | 0.55 uM
(P E 9 K)
Residual concentration | 60 nM | 100pM | 30nM | 5.5 uM

FF

19



Q. 1.C.1. (4 points)(4 57)

Indicate whether the bacterium B would grow or not in each of the four regions by

putting tick marks (\/) in the appropriate boxes in_the Table 1.C.1. in the Answer

Sheet.
P B DA HPERE S R 0 % R ik 1.C.1. FUT R 5
(VK

Table 1.C.1.

Region (#4215 1ak) R1|R2 | R3 | R4

Bacterium B grows

(F1EH B i e i )

Bacterium B does not grow
(1 B T i 79 & )

SRR

kkkkkkkkkkkk END OF PRACT'CAL TEST 3 *kkkkkkkkkkk
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