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Dear Participants

e In this test, you have been given the following two tasks:

A > A R EERS -

Task 1: Bacteriophage: an effective agent in the killing of bacteria. (50 points)

EH— WRES @ —EASEVES S R EHE - (5077)
Part A: Effects of Phage and antibiotics on the killing of antibiotic-resistant E. coli (31
points)
ETA R RS AT R RS R PUEE M RIGIR RV 8 (3157)
Part B: Phage titre and multiplicity of infection (19 points)
ErB ¢ R RS S E M YRR (1997)

Task 2: Titration of an amino acid. (50 points)

EB (AR (5057 )

e Use the Answer Sheet, which is provided separately, to answer all the questions.

(EHZEEBRIEFRARME  ZEGHEE SR -

e The answers written in the Question Paper will NOT be evaluated.
EHEBIEEEGRAED -

o  Write your answers legibly in ink.
e DB AR T8 MRIYE S

o Please make sure that you have received all the materials and equipment listed for each task.
If any of these items are missing, please raise your hand immediately.

e Stop answering and put down your pen IMMEDIATELY when the bell rings.

o Atthe end of the test, place the Answer Sheets and Question paper in the envelope provided.

Our Assistants will collect the envelope from you.

Have fun and Good Luck! ©

Page 2 of 17



IBO2012
SINGAPORE

MICROBIOLOGY & BIOCHEMISTRY

PRACTICAL TEST 2

Materials and equipment: FHRIF1Z3kF

For Task |I: Bacteriophage: an effective agent in the killing of bacteria

FER— © W © — (AR PR RTEAE -

Materials and equipment #1fF1E8 4 Quantity Unit
micropipette tips 10ul A& 2L 1 Box &
micropipette tips 200ul A& 2 1 Box &
micropipette tips 1000pl #4540 1 Box &
micropipette 1 - 10ul fHEEE 1 Piece &%
micropipette 2 - 20ul HEHE 1 Piece ¢
micropipette 20 - 200ul fHEHEE 1 piece 3¢
micropipette 100 - 1000ul & e 1 piece X%
microfuge tube rack fiE& VE & 1 piece
cuvette rack tEtaE = 1 piece {f
microfuge tubes (in a beaker) Many tube
MEELLE (BB (EEZ &
Stock E. coli culture (1 x 10’ cells/ml) in LB broth 1 Tube
DALBHS BRI E I KSR FR. CRRE 1107 (B4i/ =) &
LB broth (in a 50 ml Falcon tube) 1 Tube
LB 55E A (JBUE—1[ 50 ZFHAVHELLE ) &
sterile deionized water in microfuge tube 1 Tube
WAREI R K (BUEREREET) &
ampicillin stock (1 mg/ml) dissolved in deionized water 1 Tube
R R EET/KEY ampicillin 54 R FR (1 mg/ml) &
bacteriophage stock (10° pfu/ml) in deionized water 1 Tube
A LT KRB RS IR (RS By 10° pfu/ml) &
cuvettes (in a beaker) 4 Piece
teEE (BAE— B ) &l
Stopwatch 1 Piece
H5§% ativas (&
floating rack (labelled with your country code) 1 piece
APEFEMERLVESR (CEER T IREVEIRS ) &l
water-bath 37 °C (there is one assigned for your usage) 1 Set
37 °C HyKintl (AfeE—(ERIREER) %H
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UV-VIS Spectrophotometer (there is one assigned for your usage) 1 Set
UV 0] By e Est (AHEE —(EEIREER ) %H
photographs of E. coli plates (A to H) 1 Set
RNGIFEEERNRA (BRAZIH) 4
For Task II: Titration of an amino acid
B 5 - RE (A
Materials and equipment #1125 54 Quantity Unit
25 ml burette Piece
25 ml A ISR ' 1A
25 ml pipette 1 Piece
25 ml BB E 1l
100 ml beakers 3 Piece
100 ml HyJEErr {l&]
magnetic stirring bar 1 Piece
T 1lé
magnetic stirrer 1 Set
frtes “H
pH meter with electrode 1 Set
W S 5 R B Al 4H
pipette bulb 1 Piece
THIBIRER 1l
Kimwipe papers 1 Box
Kimwipe 45 =
retort stand with clamps 1 Set
AR &
0.3024 M standardized NaOH solution ml
0.3024 M FYREAE S A LEAR 100 =5
Amino acid Z solution of unknown concentration 80 ml
RFNRIEH IR FELER Z 75 =7t
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Task | (50 points)

Bacteriophage: an effective agent in the killing of bacteria

e A (VN SR N 2 RA S I

Part A. Effects of Phage and antibiotics on the killing of antibiotic-resistant E. coli (31 points)

oy A L RS R RS EDUEE M 2 KGR R &

Introduction

A bacteriophage is a virus that infects bacterial cells. Certain bacteriophages can kill bacteria cells
by lysis. The bacteriophage is now recognized as an effective agent in the killing of pathogenic
bacteria. This provides a good alternative to antibiotics in our combat against disease-causing

bacteria that might be resistant to traditional antibiotics.

WEEfe (bacteriophage) &) LAFGANEH YR 5 - FLEbEi Ae 7] DUA A Bl E AR STl =
W B G H BT HEE Ry — A RS PSR SE 2R YA - At mT DUE R R R 2B AT % » AR
BES U E RSS2 2R AE -

You are required to design a simple experiment, with proper controls, to examine the killing

efficiency of phage of an ampicillin-resistant E. coli. Answer the following questions in the Answer

Sheet and follow the instructions given below.
IR R st — (B R B Ay B g B B e RIAH - AR e AGA% sE Hampicilling &1 2 RIS BRYAL
SETEIA LU N HYERBAEE S | - 2R EEESE FHHERE -

Q1.1 (1 point) To dilute the E. coli culture from 1 x 10’ cells/ml to 2 x 10° cells/ml, what would be

the dilution factor needed?

FRE 1.1y TR ARG IEENARE 1 x 107 cells/ml % 2 x 10° cells/ml » {REFFREL /1% 2 (147)
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Q1.2 (1 point) For 1 ml of E coli culture at a cell density of 2 x 10° cells/ml, the final concentration
of ampicillin used should be 10 ug/ml. What would be the volume of ampicillin stock (1mg/ml)

used?

RIRE 1.2 55RmME R 2/ 0 afE > ampicillin57% (1 mg/ml) » AR AR F 10 ng/mlgy

ampicillinisig » 7> 1 mliZ KIGARE R R T (RRE R 2 x 10° cells/ml) 2 (143)

Q1.3 (1 point) For 1 ml of E coli culture at a cell density of 2 x 10° cells/ml, final titre of phage

used should be. What would be the volume of phage stock (108 pfu/ml) used?
R 1.3 SRR F 2/ ) B > WER RS U (10° pfulml) » 2l B4 fE fy 10° pfu/mIf i 88

T Y L mIEy KBS B (YR R 2 x 10° cells/ml) 2 (143)

Q1.4 (1 point x 15 =15 points) With the above calculated dilution factors, fill in the table in the

Answer Sheet with your experimental plan. One example is already given for Tube 1 in the

table provided. All units are in ul. Carry out your proposed experiment by incubating the
four tubes (placed in the labelled floating rack) for 40 minutes (stop watch provided) in the 37
°C water bath assigned to you. Hand over the floating rack to the technician at the water
bath.

After incubation, transfer your samples to the cuvettes labelled 1 to 4. In order to observe the
killing of bacteria cells, measure the absorbance at 595 nm wavelength. Bring your samples
to the spectrophotometer that is allocated for your use and hand over your samples to the

technician. You are to record your own readings as the samples are measured.

fRE 1.4 #2iR EAAE TR 2R R KR E G HEAZE SR EoRI& (1557) - 1588
(Tube 1) HFITEERIREARE T T - FrAE A ZBFHVRAE LIRS - $TTIRE
Seat ARBCBEVUEE 1 - I HRFEINEE T (BHEARRHEIMEROER) » FER
37 CHKARE S 40 s (AIROUEER) - R LEIUEE TRy EP M E R e

IR G/KATERTHIBIELA A -
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&L 40 TR 2 1% o B LER EAURY LE 4 EEEE T - B T EERSTAHE AR

o MR 595 nm HIOLE © FrE IRHIERaL EIRMTATHY R - I H AR AA -

B2 | RHE CacikE—(EfEanraE(E -

Q15 (0.75x2+ 1.5 points x 6 =10.5 points) Fill in the absorbance reading at 595 nm of the

different tubes of reactions in the table provided in the Answer Sheet. Taking 1 absorbance

unit of the E. coli cells at 595 nm to be equivalent to 1 x 10’ cells/ml, what are the cell
densities of the E. coli in the respective reaction tubes?
M 1.5 HEAS S 595 NI ENEES I - 595 nmZ EAE A 1 BRI RIGAEERE fy

1 x 107 cells/ml - a1 HE—EE T2 KIGIRERRE 50 R 2

Q1.6 (0.5 points x5 =2.5 points) Which of the following are correct? Indicate correct answer(s)

with a tick(v") and incorrect answer(s) with a cross (x).

a. Due to the ampicillin resistance, the bacteria cell wall prevented easy penetration of the
antibiotics, but allowed the phages to enter the E. coli cells to cause lysis.

b. The ampicillin resistance in the E. coli did not prevent the ability of the phage to adsorp
onto the bacteria cells.

c. The bacteriophage likely has a lytic life cycle of around 20 to 30 mins and hence lysis of
the E. coli was observable during the short experiment.

d. The temperature of 37 °C was not the correct temperature for ampicillin to kill the E. coli
cells.

e. The phages competed with the E. coli for the nutrients in the LB broth and the bacteria
cells lysed due to insufficient nutrients.

IR 1.6 THIRERIRGLIERMEEFTT2(V) § FERRE AT (%) -
a. FHfA% ampicilin (HiAEZE) AUEENE - AHESARAREE AT DUBESE hi 4 Z2ES 5 TR -

b. KEG#FEZ ampicillin HEE M AN (R E AGUR TR AN _ERYRETT -
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c. WERAGIIT4UA 20 £ 30 srg# AR AE S o I A DA R Y B B R BRI EHY

AR -
d. 37°C F 2 ampicillin i ZHETE AR IR ERERTE -

I B G LR R e T LB B AR E Sy - I HANE & oA R N Ry s o 40 T ik

fy -

Page 8 of 17



IBO2012
SINGAPORE

MICROBIOLOGY & BIOCHEMISTRY PRACTICAL TEST 2

Part B. Phage titre and multiplicity of infection (19 points)

EorB ¢ WA E R M (1997)

The Table below shows the legends for photographs of E. coli lawns that are untreated and infected
with bacteriophages. The E. coli culture used had a starting cell density of 0.5 x 10* cells/ml. 0.5 ml
of phage was used to infect the E. coli cells. Serial dilutions of the phage culture were made as
indicated and used for infection. (The photographs labelled A to H will be provided as part of

materials for the lab task).

TRFERGIFERMEE IR EER © 25 AR RIS IR - REEATHER 2K
A S L AR AT E B 0.5 x 107 cells/ml > 31 0.5 mlfE S B i de A B AR I 4TRE - figgeh >
LA MR RS R B R TR E S - (AEREEAiRMt 2 BR B RABAZH)

e ,
A =10 dilution ¥ B = 107 dilutionf# 2

C = 10™ dilutionf# 2 D = 102 dilutionf# 52

E = 107 dilutionf# 2 F = 107 dilutionf% &

H = E. coli lawn

G = neat phage uninfected by phage
ERSLEL ERESE R PPN 2
[EsiliBpeiipaeg s
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Q1.7 (2 points x4 = 8 points) Based on the number of plaques observed in the photos, calculate

the number of plaques that would be observed if the original undiluted phage culture were
used.
M 1.7 fRIZIRR AT EIIARER - St EE ARG RSN - oI E TS EE

IS H Fyfa] 2

Q1.8 (3 points) To estimate the titre of a phage culture, serial dilutions as shown in the photos (A
to H) are normally performed. Based on the number of plaques shown, indicate with a tick (v)

which is the best dilution to confirm the phage titre.
M 1.8 By T {HE SRS ERSUE » R A 2 H VRS IMEE M EME T - IS ERIVE

H > 2JEE (V) BEMEREIE R A SUE Z B IR R - (357)

Q1.9 (4 points x 2 =8 points) Using the information given and your answers above, determine:

a. the plaque forming units per milliliter (pfu/ml) of the phage culture used and
b. the multiplicity of infection (defined as the ratio of phages to E. coli) at the best dilution
determined in Q1.8..
M 1.9 PR BV ERIRIIR Bty E 2 - /50
a. P2 Fs %) pfulml e (453 )
b. [ 1.8 ISR L EMBRE N Z RS RMENEBE B/ 7 (RSB E & Rk

AR FR LUKRAR FREHIEEE ) (453)
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Task Il (50 points) £ — (5043)
Titration of an Amino Acid
— (B B H R E
Introduction B4R

Amino acids are organic molecules possessing both carboxyl and amino groups. Table 1 shows the

20 amino acids that cells use to build their thousands of proteins.

The majority of the standard amino acids are diprotic molecules since they have two dissociable

protons: one on the amino group and the other on the carboxyl group; there is no dissociable proton

in the R group.

Recall: For an acid HA, the acid dissociation constant for the equilibrium of HA == H" + A" is K,.
Ka = [HNA]/ [HA]

More often, the strength of acids is expressed in terms of the pK, of the acid: pK, = - log K,

R AR e AT R #2& (carboxyl groiup) #IfZ4: (amino group) - 3 175t 20 flfzAk
s 4HAEFER R T BB ES A -

R B 53 R e BA I 1o B R T P R 0 T > R M PIA RA(E mT A e 7 —(EEREE: - 55
—EEHRSE © I (R group) RITZA FTAREET i 1 -

sHEAE - - (EHANEE AR - PR T 2 HAR g S AL FoR © Ko = [HY][AT]/ [HA]

B% 2 pKaHIBE5RE DUEFR © pKa = = log Ka

In the titration of such a diprotic amino acid, the titration will thus occur in two steps as the more
acidic carboxyl group (lower pK,;) and the less acidic amino group (pK,2) successively lose their
protons.

In addition, the pH at which the net charge on the molecule is zero is called the isoelectric point (pl)

of the molecule, a useful constant in characterizing and purifying molecules. Using a titration curve,
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the pl can be empirically determined as the inflection point between the pK,’s of the anionic and

cationic forms.

T TE — (e T mI AR R AR - e M AR A I EE B ¢ B A (BUNZ pKar) FIEL
Al Z R F (pKa2) PR MRy Sl

BESE > o33 R e Ry iRy R pHE R Ry 3 THYZE#ERL (pl) - FEERL (pl) B —(EA R A
AL THVE R R - FERE (pl) A LAEIE & B M EpK A E S MEpKa [ 2 e dhar ey st - B
B e HEIE -

The apparent pK, values for the two dissociation steps may be extrapolated from the midpoints of
each step. This can be shown by the Henderson-Hasselbach equation:

pH = pKa +log {[A]/[HA] }
The pKa: (pK, for the carboxyl acid group) is where half the acid group has been titrated. Therefore
the equation becomes: pH = pK,
Similarly, the pKa, (pK, for the amino group) can be determined.

In this experiment, you will titrate an unknown amino acid Z and determine its pl, pK,; and pKas.

R il e B BTERIPK A (B - m DAREEHE R E 2P B 2 E TP REHERS: » HOJ7#E=0 (Henderson-
Hasselbach equation ) DAFRIR @ pH = pKa + log { [A]/ [HA] }

PKar RFLAHIPK, » B MR EIWOE E Ry L o NI TTRE=URT 88 © pH = pKa

[EIBRHY - pKaz S PKa - ] DEZ FEHEHTE

REE - IR E —EARFIAVIEERLZ - I B ERVSER Pl - BERIpKa Hl pKaz -

Procedure &g Ex

1. Fill the burette with the standardized NaOH solution. Record the exact concentration of this

standardized NaOH solution in the Answer Sheet.

EEEG A LIARERHEET - CHEEGE(LINERZREEEEE L -
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2. Pipette 25 ml of the unknown amino acid solution Z into a clean 100 ml beaker.

LIS E R 25 ml YR KN AREE 2R Z 22 100 ml AYEZIFHEERT -

Carefully place the pH probe and a magnetic stirring bar into the amino acid solution, so that
the probe is far enough into the solution, but not touching the stirring bar or beaker. Clamp and
adjust the pH probe such that the stirring bar will not hit the probe while stirring. DO NOT

TOUCH THE CALIBRATION.

ANCHEEE pH B AECRT—(EFRE B ZE R AR AR T - pH BERAE e St ADKIR T > (B2 ATl
FEEHEPET BT o 20 pH BRI E - DIRIIPE T IE el T 2 AR - A SRR i
ST IESE (CALIBRATION) -

Titration 1 JFEE 1

Rinse the pH probe with deionized water. Dry the probe gently with a piece of Kimwipe paper.
Determine the pH of the amino acid solution Z before the addition of NaOH.

Next, titrate the amino acid solution with the NaOH from the burette. Add approximately 1.00 ml

of the NaOH to the amino acid at a time. Record the exact volume dispensed and the pH of the

solution after every 1.00 ml interval in the Answer Sheet.

Continue until approximately 25 ml of NaOH has been added.

PLEBET7KIZ05E pH 8 o DL—5R Kimwipe $4[ > #EESHYIEZ pH Bk -

A GEAEINZ AT - FEEACRFIIEE RS R Z /Y pHE -

PE LU BRI S S LI E A RA R - BXINAKRE 1 ml G E b ER AR SR T -
SEEEFTIA 1 mIfEERZ 1% @ LA Z SEALNATITERRTE - DUCSIRIpHE 2 E
BE-

R e et st > HEIARYY 25 ml iV EE S inE AR S -

Repeat the titration (Titration 2) EHEIIEEEE (HE2)

Rinse the pH probe with deionized water.

Dry the probe gently with a piece of Kimwipe paper.
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Refill the burette with the standardized NaOH solution and repeat steps 2 — 4.
PAZHET7K= 0% pH E&fdk o
PA—5& Kimwipe fXF4 - $ESHYIREZ pH B -

ErREE S S bEREAREE T - WHEEDER 2 212085 4 -

Q2.1 (3 points x 3 =9 points) Table 1 shows the chemical structures of the twenty standard

amino acids. With reference to these structures, draw structures to show the complete

dissociation of glycine, proline and asparagine.

[ERE 2.1 FR—F5H 20 (AR BRI BER AT -

W

IR EbeiE > oy plE L HEBE (Glycine) - Hiifi%
% (Proline) MIRFI4FERRl: (Asparagine) 7 Ffrf Al REHYMREESERE - (/B3 7 - 319

73)

Q2.2 (3 points x 2 =6 points) For both titrations, record the volume of NaOH (ml) added during

the titration and the observed pH value for the unknown amino acid.

[MRE 2.2 HEITIICRERT » SRCsR LA Z fEbmAvARtR (ml) ARZR S RAIREERLHY pH (H -

Q2.3 (5points x 2 =10 points) Using your data, plot the graphs of each titration run (pH versus

Vol. of NaOH (ml)) in Graphs 1 and 2 provided in the Answer Sheet.

IR 2.3 SHFHRRI IR E TS EIRVEEE - o RIENEEEATHEAtAE 1 AIE 2 (Y pHE - X5
SEAIHTESRED -

Q2.4 (2 points x 2 =4 points) From your titration curves, find the pl and label it on each graph.

[MIRE 2.4 {e/RAvREERSR - R EER (p) - I HERN G —(EE L - (4 97)
Q2.4.1 (2 points) What is the mean pl?

M 2.4.1 (RIGEIAYVFS pl {E R 2 (2 57)
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Q2.5 (4 points x 2 =8 points) Find and label the pK,; and pK,, on each graph.

[ETRE 2.5 F R i —{EE_ERIpKa (4 97) 1 pKaz (4 97)

Q2.6

Q2.5.1 (2 points x 2 = 4 points) What is the mean pK,; and pK,,?

MR 2.5.1 pKaFIER(T ? (257) pKaVHEERM 7 (297)

(5 points) 0.9210 g of the unknown amino acid Z was dissolved in 80 ml of deionized water.
Determine the molecular weight of the unknown amino acid Z.

Note: In order to start with a fully protonated amino acid, HCI solution has been added. This
is equivalent to 3.2 ml of the NaOH solution. To determine the actual number of moles of
NaOH needed to reach the pl, subtract 3.2 ml from the volume of NaOH used to reach the
first end point.

0.9210 SERYRFIMEARE Z #loafidhs 80 ml (Y ARET/K » SEat BRI AR 289078 - (5
1)

AR Ry TR AR R RN e EEAYI - BIROSR A R E T -
EEER 3.2 mEE(LINEIR - HILE T EZRFER AT 2 BRE S LnrHEEE -

A R RS — (R e AR S B AR RRITIRR 3.2 ml -
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Q2.7 (2 points) Based on Table 2, identify amino acid Z.

g SEE AR Z Ty 2 (2 77)
a. Glycine Hf#ig

b. Proline ffif#i&

c. Asparagine K9 fffE

d. Tyrosine [z

e. Tryptophan s
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Table 1. Structures of the 20 standard amino acids.
Fe— 1 20 (EfEAE R AL RA N (L E2AERE
Twenty standard Amino Acids

Nonpolar, aliphatic R groups

Co0 coo coo
o |1 i
H;;N—(ll—l-! H;N—C—H H:N—C—H
H CH, CH
P
CH; CHj
Glyeine Alanine Valine
CO0 (|?0{J ﬁ:()()
H;N—C—H HN—C—H  HN—C—H
(;!Hg CH, H—t;:—cm
CH CH CH,
e | 2 | 2
CH; CHj4 S5 CH,
|
CHy
Leucine Methionine Isoleucine

Polar, uncharged R groups

CoO C0oo Ccoo
H,;N—C—H HN—C—H  HN—C—H
H,OH H—tl"J—OH 1 Hy
CHg SH
Serine Threonine Cysteine
(8(0]0] COO Cco0
| H ;
N o H;N—C—H H;N—C—H
H.N CH. L .
| | (I:Hs ?Hg
H,C——CH, /C\ ?Hs
s
N o
Proline Asparagine Glutamine

Aromatic R groups

co0" €0o- Coo"
H,N— ¢ Hnﬂ’—-(l: —H H,.;.-\'I—tl“ —H
CH, CH,

H

Phenylalanine Tyrosine

Tryptophan

Positively charged R groups

coo (l“.‘-OU (ll()()
H,N—C—H  H;N—C—H H;.N—(ll —H
(l?Hn (|3H2 fllﬁz
CH, CH, T—I{H
o, o, | on
| C—N
@ E B
'NH;y £]:=I;]H2
NH:
Lysine Arginine Histidine
Negatively charged R groups
?OO ?OO'
+ i |
H3N—(|3—H H:N—C—H
|
(|'JH2 CH,
COO™ (|3H2
COO~
Aspartate Glutamate

Table 2. Molecular weights of amino acids #0777 &

Amino acid A% MW (g/mole)7r &
Glycine H &% 75
Proline A% % 115
Asparagine K94 fahg 132
Tyrosine figfz 181
Tryptophan g1z 204

END OF PAPER %5 K
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