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MICROBIOLOGY & BIOCHEMISTRY PRACTICAL TEST 2

Dear Participants (2t O 2{ &)
e Inthis test, you have been given the following two tasks:
O ZH0IM o2fE2 ot & 7HX| 4™ E gL Cch

Task 1:  Bacteriophage: an effective agent in the killing of bacteria. (50 points)
Part A: Effects of Phage and antibiotics on the killing of antibiotic-resistant E. coli (31 points)
Part B: Phage titre and multiplicity of infection (19 points)

A1 HH 2| QUHX|(EHX]): 2HH QL M AFE IAG (507)
A DX 2HA A 7 2hd M Mhd T2l AFEO|| O|X|= 21F (317F)
B: IhX| &I Xt= & & (phage titer) 2t 2 S Hi 5=(multiplicity of infection) (198)

Task 2:  Titration of an amino acid. (50 points)
dgl2: o4t M (508)

e Use the Answer Sheet, which is provided separately, to answer all the questions.
22 NS HYUX[E O|83HA 2= X0 EotAL.

e  The answers written in the Question Paper will NOT be evaluated.
ZHXof & &2 XE-SHK| Lt

e  Write your answers legibly in ink.
Hoz Q7| &lH MAIE HE MA|R.

e Please make sure that you have received all the materials and equipment listed for each task.
2 oM S 822 MAIoH A Izt 7|7t At 910 25 50 A=X| =I5 2.
e If any of these items are missing, please raise your hand immediately.
0| 58 SUAM Oj= StLtEtE Sl= BR0= Al £2 EAIR.

e Stop answering and put down your pen IMMEDIATELY when the bell rings.
SEE Y2l= 30| 22| FA| 17| Bl HE My 20| W2 5242

e Atthe end of the test, place the Answer Sheets and Question paper in the envelope provided. Our
Assistants will collect the envelope from you.
A0l B 20 HeHX|t MK E HSet8F 2ol oA Zu7t &5 =AY AYLC

Have fun and Good Luck! ©
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Materials and equipment X 22} 7|t:

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

Al 1. dhE|2| O} X]: 00l Ml ALE 21X}

Quantity Unit

Materials and equipment X 22} 7|3 amp cho|
micropipette tips 10ul (OFO| 2 2 T}O|E &l 10pl) 1 box
micropipette tips 200ul (BFO| 2 2 I}O| ! & 200pl) 1 box
micropipette tips 1000ul (OFO| 2 = IO[Z & 1000ul) 1 box
micropipette 1 - 10ul (BtO|2 2 I}0|ZH 1 - 10pl) 1 piece
micropipette 2 - 20ul (OtO| 2 L}O|Zl 2 - 20pl) 1 piece
micropipette 20 - 200ul (OFO| 2 2 I}O0| ! 20 - 200ul) 1 piece
micropipette 100 - 1000ul (OFO| 2 Z1I}O|Z! 100 - 1000ul) 1 piece
microfuge tube rack (O}0| 22K E 20|) 1 piece
cuvette rack (7 £0|) 1 piece
Stock E. coli culture (1 x 107 cells/ml) in LB broth tube
CH& - B QF R (1 x 107 cells/ml) 1

LB broth (in a 50 ml Falcon tube) [LB HiX| (50 m| Z &5 E)] 1 tube
sterile deionized water in a microfuge tube (OIO|AZFEO| & B T7T) 1 tube
ampicillin stock (1 mg/ml) dissolved in deionized water tube
S240] =0l AT A2l A% (1 mg/ml) !

bacteriophage stock (108 pfu/ml) in deionized water tube
SE40 271 gel2|QuHx| A (10° Sata %4 AU /m) !

cuvettes (in a beaker) 78! (H|0|FH 20 20 AUI) 4 piece
Stopwatch (2&HXl) 1 piece
floating rack (labelled with your country code) piece
20| = ojojRzEE RO RET WY AUS) .
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water-bath 37 °C (there is one assigned for your usage) set
370C £ (B & Y £XE SLL X HH) 5 A2) '
UV-VIS Spectrophotometer (there is one assigned for your usage) set
Rpe M-I BBEEA A8 4 Y JTEHU KT H E HY) |
photographs of E. coli plates (A to H) set
CH 2 BRI AL AL (A~H) !

For Task Il: Titration of an amino acid

A 1: ofl iAol MY

Quantity Unit
Materials and equipment X & 3 7|+ A a cro
T o =T
25 ml burette (25 ml 7-3!) 1 piece
25 ml pipette (25 ml ILtO|Zi 1 piece
100 ml beakers (100 ml H|O[#4) 3 piece
magnetic stirring bar (L 8t7|& X}Ad) 1 piece
magnetic stirrer (Xt4A] wHE7]) 1 set
pH meter with electrode (pH 737|123 1 set
pipette bulb (Z}O|Z HE) 1 piece
Kimwipe papers (Z2t0|Z ZX]) 1 box
retort stand with clamps (23X H 2l ARHE) 1 set
0.3024 M standardized NaOH solution (0.3024 M NaOH E =& H) 100 ml
Amino acid Z solution of unknown concentration ml
SEE Q2= 0f0|At 8% 7 80
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Task | (50 points) 2" 1 (50 &)
Bacteriophage: an effective agent in the killing of bacteria
StH|2| 2OtX]: 2P Q1 M AR Qx|

Part A. Effects of Phage and antibiotics on the killing of antibiotic-resistant E. coli (31 points)
nix| et SHAHI 7 2/EH MEd tiE2el AF-O 0jX]= 21t

Introduction A&

The bacteriophage is a virus that kills bacteria 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. 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.

WH2[2TX| = M-S ABAIZ|= BO|MALH 22 HH 2| EX| = M & Edl(Ew)dtH0]
f

MEAIZ == QU MErM SHH 220X = g Mo S ABAI7|= O 21
=2 3
=

QUEt. o 2{gt mpX|o| =S 0|85t Lt
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Q1.1 (1 point) To dilute the E. coli culture from 1 x 107 cells/ml to 2 x 10° cells/ml, what would be
the dilution factor needed?

CHAN A Hf U= 1 x 107 cells/ml HIA 2 x 10° cells/ml 2 3|A15l2{™H H Hi 2 S| A1 5| 0f
St=7t?

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

of ampicillin used should be 10 ug/ml. What would be the volume of ampicillin stock (1mg/ml)
used?

U712 x 105 cells/ml Q1 CHR A HIQ¥AH 1 mI £ OHS [, LI A 21S ZSHA| 7|2 10 SO}
AL MBI X|BFSEE 10 pg/ml 2 HFo{H oA 2l M (Img/ml) S LOtLE 2 0{OF
St=7t?
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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

Ql.4

Q1.5

used should be 10° pfu/ml. What would be the volume of phage stock (108pfu/ml) used?
LZ 7} 2 x 10° cells/ml QI CHE HHFH 1 mI & THE M, TtX| S ESA|Z| DXt $HC} K| 9

%3 5ES 10° B2AAYH ARSI 2 AW TX| AA(10° S2AIH AR /mi) 2

20OrLt EO{OF &7t?

(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.

IOIM A Ltet 5425 0|83t0], Z4Ar & A=l S M2 ofof w2t Eetx|e] #S

MPAl., EeHA ®O| FE 10 SH7HX| =9| O S MAISHIEt. 2= Eel= ul OICt.
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(0.75x 2 + 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 107 cells/ml, what are the cell
densities of the E. coli in the respective reaction tubes?

EHOEX|O XMAIE B0 ZH A|R2| 505 nm SEEE 7|ESA 2. T+ MEZE 55711 x 107
cells/ml € I 595 nm A S & & 1 THQ[E EQIC}H O|E 1aig [, 2+ 88 K =0

Zoto|of e g MEL 5= 07t
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Q1.6 (0.5 points x 5 = 2.5 points) Which of the following reason(s) 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 Iytic 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.

S & 82 A2? 82 &0 vEAIE ot £2 TE0& x EAIE SHAl8.

=
a. YO MEEoz Q50| Mzl MEH2 A7t A FaotA| Rot==

=
SIOFFRAX T, TX|= T2 MEHSE 1 ME A2 2 A S0Z & AN A
CH-& O] I | RACF
b. HZzol Yu|dEl Metd2 Mz MZ0| LtX|7F £AE= AS AHSHK| 2Tt
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Part B. Phage titre and multiplicity of infection (19 points)
Xl s=(F7h Hd 3 2= 28 (198)

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).

Ot #& SHH|2| QutX[E Ma|ot et M2|otA| w2 Yo of B AtTIof Ciet 23 O[Cf,
X B0 AHES =2 0.5 x 10* cells/ml O|CF. O CHZE=0f| 0.5 mI Q| THX| 3|M EHZ
Me|StACH Tihx| 42 Chx D0 7|l Hiet 20| g% 5|45t Mus dYAIZCH (A~H 2

BI|E A2 2 M=o 2 MESE Ao[Tt)

A =10 dilution B = 10 dilution
A =10° 3|4 B =105 3|4
C = 10“ dilution D = 103 dilution
C =10 3|4 D =103 3|4
E = 102 dilution F = 101 dilution
E=1023|4 F=101 3|4

G = neat phage

G =T BE

H = E. coli lawn
uninfected by phage

H=IXE 8T B2

o L

CHE o B Al
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Q1.7 (2 points x 4 = 8 points) Based on the number of plaques observed in the photos, calculate

Q1.8

Q1.9

the number of plaques that would be observed if the original undiluted phage culture were
used.

Of AZIOf| LBt S2t32| =& HHE 22, S| 451X| B2 TiX| HHS ALEotRS M LIEHE
A

T

T A= 23S ALE A MBI 2.

(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.

OHX| 8HO| 5= (H7HE AlLtst7| I8 AEl(A~H)Of| LEEHE 240 20| IHX| 8 A4S
AEHOo = S| M50 Mol Z ZAIZICH B A0 LIEtH S2t32| =AE 21 EHEre

ox[el s&=(97hE Atstes Hl 7k HET S|4 &0 v BAIE SHAI2.

—

(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.

b. the multiplicity of infection (defined as the ratio of phages to E. coli), at the best dilution
determined in Q1.8.

a. ALEE OmX| 8Ado| Zat3 & |Xt=(plaque forming units/ml)

b. 2o X Q1.8 A 2 £[H 3N & 0fAQ] Zbl=(multiplicity of infection,
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e

Task Il (50 points) ¥ 11 (50 H)
Titration of an Amino Acid Of0| = Ato] XX

Introduction A| 2

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.

otf|cit2 72 =47[eF OF0[=7| & = L X|L= 77| ZAIO[LE B 12 MZ7} B2 HHES

of

Mgdot= Ol AHEot= 20 7i9f Of0| ¢t =2 & EOJECL BFE Ot0| 2 M FE LA

—_

I

Ok

2l = A= F 71l HE7[E K| O StLt= 0f0|k=7|0]1 ChE StLt= 7I2=27|C} O

20| A&l ofO| ol oli2| 7hset FEAE XL= R 7| 7F 28 EO JUX| BECE

—

Recall: For an acid HA, the acid dissociation constant for the equilibrium of HA == H* + A" is Ka.
Ka = [H][AT] / [HA]
More often, the strength of acids is expressed in terms of the pKa of the acid:
pKa = - log Ka
A0 SHB AHAO BE MEfO| ELSHAS BHA <= H + A), 2| M4E Ko 2 CHSTH 20|

= [H[AT]/[HA]
Lot M= BHE ol d 42 pKa 2 ERBIH pK, £ CHE1F 20| Feletct.

pKa == |Og 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 pKa1) and the less acidic amino group (pKaz) successively lose their
protons.

O[X 2 & 7Ho| YAR7L WO LIS 4 QUi Of0| i M2 M Of, Y ETHE 52 FH2247|

(B %2 pKar) Ol HA LGA2F 2|2 C50f thg =7t 22 OF0[ 7] (pKa2) ol A S AE7t
2O Lt2LF,

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,
the pl can be empirically determined as the inflection point between the pKa’s of the anionic and
cationic forms.

Lot £ 2ol &85H71 00| &= pH & O w2 S8 H(isoelectric point, pl)O|2} 5tH,
HE2 Ao £E45 247t =sEald I K80t ol Lt §F5FHdE 018510,
=

dE & U=, Ol & AHE7]2] pKa ALO|Of #X|5l= HEHE Ao
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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 { [A7]/ [HA] }
The pKa1 (pKa for the carboxyl acid group) is where half the acid group has been titrated. Therefore
the equation becomes:

pH = pKa

Similarly, the pKa, (pKa for the amino group) can be determined.
In this experiment, you will titrate an unknown amino acid and determine its pl, pKa1 and pKaz.

5 Bo 22X sli2|kl= XM ZE7| pKa 242 Z42Z0| oli2| THAC] SYHE fFe 5= UL}
O|l= 3G &-5hddts d A O 2 LIE 4= QUL

pH = pKa + log { [A7] / [HA] }
pPKar (FIESAT|2] pKy)2 7IESA 7|2 HEHOM LRI 2| = B2 EXYSH= =742

—

pH O|Ct. t2fA Z 0| Sl 2| &l &EfS| pH £ LSt 22 422 LIERE & RACE

—

pH pKa
O|et 22 A2 = pKa, (010 7|2] pKa) e BEY Ct
O] 40|, o{2{ 22 O|X[2] ofD[ it Z E H7 A0|0{, O|F S3Hf O] Of0| = 4t2| pl, pKas,

Procedure (&%)

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

H3Z HZE NaOH 8UO 2 KA. THOIK|0| 0] B NaOH 8Uo| B3t S5

_

i

7| ZOHA 2.
2. Pipette 25 ml of the unknown amino acid solution Z into a clean 100 ml beaker.
25 ml Q| ofO| At 8H 7 £ MRS 100 ml H|O[7{0f LiO|TC 2 F7|A|Q.

3. 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.

MM At 0| 8HZ MW M2 AEE|X| R EF DL} Cal(Calibration) BHFE

S
HEZ|X| B=Ch(2EIHE 71 A AS
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4.

Titration 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.

HE1
pHHSS SR-E doth W3S ZAOIZR FEYA HOt =7|S YULL NaOH S
BIKSL7| H, ofOll it 89 7 9| pH & Fg5td 7| Sttt /30| 2 NaOH 2 OfO| e it

[} | —/
2M2 XMHESICE oF HOoj| CHEF 1.00ml 2] NaOH £ A 7FstC} 1.00 ml £ H7t& mjojct & 7tst
B =

S5t 219t 80| pH S X0 7| ST NaOH S 25 mi = H7H2 74X

Repeat the titration (Titration 2)

Rinse the pH probe with deionized water. Dry the probe gently with a piece of Kimwipe paper.
Refill the burette with the standardized NaOH solution and repeat steps 2 — 4.

HIE M XN (@lag 2)

L= T10

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

amino acids. Draw structures to show the complete dissociation of glycine, proline and
asparagine.

H 12207 ofO|4to| Btst AR E LIEHHHECE = 2[4l (glycine), =& El(proline),
Ofﬁﬁfﬂfﬂ(asparagine)ol QAgRtot ABHet AENO A S| B2l s TR 2| Hsl

IYS REMOE LIEHYAIL,

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.
T B HE5=s oM, "HE AR 7 S0l " 2He NaOH 2| 21| (mi)et O] X[ 2

Ot0| L=t SHO| 2HE pH 2k S 7| =M 2.

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.
GIOJE & 0| 83t)] 2tZte| &7 JM[NaOH(mI) FI|of Tt pH] S ELX|f] HSE def=

11t 20 d2[A|L.
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Q2.4 (2 points x 2 =4 points) From your titration curves, find the pl and label it on each graph.
Q2.4.1 (2 points) What is the mean pl?

HYSHC28H pl ¢t #1420 =0 7|5t L.

" pl oS T 2.

Q2.5 (4 points x 2 =8 points) Find and label the pKa; and pKaz on each graph.
Q2.5.1 (2 points x 2 = 4 points) What is the mean pKa and pKa2?

24240 2 0| pKar 2 pKaz S HOF H7|SHA| 2.
B pKar 2t pKa2 th S 224 7oA 2.

Q2.6 (5points) 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
isoelectric point (pl), subtract 3.2 ml from the volume of NaOH used to reach the first end
point.

0.9210¢g | Of0| =it 7z & SF+ 8
f

275N 2. F9f: 25| SRt

0 ml Off =@IC}, O|X|2| ofO| At 7 of 2XIEZ
Zgtst otO| Ao A HE 2 AlESEHY| @8l HCI XS
HIISHRULE O] = NaOH M 3.2 ml O S =ICtH SHE(pHE ++ot= O Zast AKX NaOH

= T8 2357 floiM= A W B X[Ho| =2 5h= Ol AHEE NaOH 2| FI[0f| A 3.2

Q2.7 (2 points) Based on Table 2, identify amino acid Z.
a. glycine

b. proline

C. asparagine

d. tyrosine

e. tryptophan

H20| ZNHE YO R 2 0f OO i Z £ T+ B 0= ALYt

up
AL
r=

a.

b.
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Table 1. Structures of the 20 standard amino acids. & 1. 3 Of0| =4t 20 749 =
BZ OfO| At 20 74 A=

A b= a . -
H| = o-l, X| ol'—| R 7| Nonpolar, aliphatic R groups Aromatic R groups I:g%tz_‘.t_ R 7|

coo coo coo

I I - coo (|?OO (|300
H;;.\'—(lf —H H;N—C—H HsN—C—H H,N—C—H H,N—C—H HN—C—H
: L gy | =
CH; CHjg
Glyeine Alanine Valine
CO0 (lf('){,'l (I'I()() OH
1 1
HyN—C—H H;N—C—H H;N—C—H
(;J'He (:EH-; H—l‘%!—CHs Phenylalanine Tyrosine Tryptophan
CH &
Cﬁ \CH (|:Hz ?H_; Positively charged R groups %Ugﬁfj}% o R 7|
—— $ SHa 00 o0 00
CH, H.N—C—H  H;N—C—H H,N—C—H
Leucine Methionine Isoleucine |
$H2 CH, cler-z
N CH, CH —NH
=4, ™S} R 7| polar, uncharged R groups | i T|‘ I\LCH
CH, CH, 4
CO0 (o{ele] CO0 C—N
. 4 | v CH. NH H
H;N—C—H HyN—C—H H;N—C—H | [~ %
H,OH H—C—OH o — ik
Pl ; 1 2 NH,
CHjg SH Lysine Arginine Histidine
Serine Threonine Cysteine
=gHsE TR 7|
Negatively charged R groups
cOo0 COO CO0 z
e , C00 €00
o HN—C—H HN—C—H o Ul e
H:N \ . aN—(C— aN—C—
N ey . ¢ HN-C—H  HN-—C—H
— 1
B e (o CH, CH, CH,
N~ Yo & | I
Y = ¢
- 2N/ S COO0 CH,
Proline Asparagine Glutamine cOO
Aspartate Glutamate

Table 2. Molecular weights of amino acids

# 2. Of0[=tto| EALE

Amino acid Of8|'=4t | MW (g/mole) = Xt&(g/mole)
Glycine = 2[4 75
Proline Z& ¢l 115
Asparagine OtA It} %l 132
Tyrosine E|Z2 181
Tryptophan EE E & 204

- END OF PAPER & -
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