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General Instructions:
You have 90 minutes to complete ONE task in this practical exam, plus 9 questions.

Task: Purification, quantitative analysis and kinetic measurements of bacterial diaphorase activ-
ity (100 points)

Important information:
Write your answers in the answer sheet. Only answers given in the answer sheet will be evaluated.

Make sure that you have received all the materials and equipment listed, including a graph paper. Check
tubes contain solutions (with exception of tubes 1 to 12). If any of these items are missing, please raise
your card immediately.

Read the protocol before you start.

During experiments, ensure that you wear gloves, and handle the equipment and samples carefully.
Compounds A and B are hazardous.

Any spilled solutions, samples or equipment damaged by you will not be replaced, but the gloves
can be replaced.

Your plate results will be scored and you do not need it anymore.
Use the following cards to ask for water/washroom/help.
—RRIET ¢
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FERIBIED  FRAERERLFE » WORERENSRR - EEYM AR BEASH -
ERASBERBER « Hminh R HRNIRRIBREEER -

fREY 96 FLARRIE(ENS ALLESY » (BiERRAIFBRE

REFERKEFR/ BB > FEAUTHFRR

Drinking water BXF7k | Washroom 4R AHHESHRE Other queries EfthzEX

Stop answering as soon as you hear the whistle at the end of the exam.
No paper, materials or equipment should be taken out of the laboratory.
Good luck!

EREEEIE R IE MR > SRIZIFLEFE

AR ~ MR ERER AT UAGRERE

PUFIE |

Required materials with labels and equipment:
1. Eppendorf tubes labelled with the numbers from 1 to 12

1.0 ml of bacterial lysate (BL)
Standard BSA solution (BSA)
Lysis buffer (LB)
Wash buffer (WB)
Elution buffer (EB)
Bradford buffer (BB)
Substrate solution (SUB)

9. Compound A (A)
10. Compound B (B)
11. Assay buffer (AB)
12. Bradford reagent (BR) in a black 15 ml tube in the paper cup
13. 96-well plate

© N o UM W N

14. Affinity chromatography column with resin, on the column holder
15. 10-100 pl Micropipette
16. 100-1000 pl Micropipette
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17. Yellow tips for 10-100 pl Micropipette
18. Blue tips for 100-1000 pl Micropipette
19. Paper cup to discard waste
20. Piece of aluminium foil
21. Piece of parafilm
22. Pair of gloves
23. Paper white cup for discarding liquids under the column
FRERa i S R e LIRSS > SAEERE
1. 25 1 E 12 19 Eppendorf EBE 0 E
1.0 ml AAERMAER (BL)
BSA fR#ERR (BSA)
RIFEER (LB)
wlFEER (WB)
HlREE R (EB)
Bradford #ri{EfE{E4&E & (BB)
ZHBAR (SUB)
9. (EEM A (A)
10. 1E&%) B(B)
1. RIEEER (AB)
12. —EHEMFAZEE 15 ml BEOE - HPEHA Bradford HAEREERAA (BR)
13. 96 FLE&
14, HEBRERNRANERER > REEERE
15. 10-100 pl HERE
16. 100-1000 pl FHERE
17. WA 10-100 pl HEREMEE tip
18. AR 100-1000 pl MEREHIEER tip
19. EEERHVAEM
20. —3REESE
21. —RARHOE
22. —RIFE
23. —ERAREWREHETREERZ B BER

Introduction:

© N oMW DN

Diaphorase (NADH dehydrogenase) is an enzyme (23.0 kDa) that converts nicotinamide adenine dinu-
cleotide (NAD) from its reduced form (NADH) to its oxidized form (NAD+):

NADH + H+ + acceptor = NAD+ + reduced acceptor
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Diaphorase is a flavoprotein that contains iron-sulfur centers. It is used in the electron transport chain
for ATP generation.

In this experiment, you will purify a bacterial diaphorase from a crude extract, then measure its activity.

First, you must purify diaphorase from a crude bacterial lysate. E coli has previously been transformed
with a plasmid expression vector, into which the gene encoding diaphorase tagged with 6-histidine had
been cloned. You will purify diaphorase by affinity chromatography; the 6-histidine tag has affinity for,
and binds to, nickel which is attached to the resin in the (Ni-NTA Sepharose) columns.

The bound protein can be eluted from the resin by changes of buffers used in the chromatography
protocol. You will collect eluted fractions into two Eppendorf tubes.

After protein elution, you will determine the protein concentration of the two fractions, using a Bradford
quantification assay. The Bradford assay is a colorimetric assay during which binding of ‘Coomassie
brilliant blue’ to protein results in increased absorbance of 595 nm wavelength light. You can determine
the protein concentration of your fractions by comparing their absorbance to a standard curve derived
by assaying bovine serum albumin (BSA) protein solutions of known concentration.

Finally, you will measure the activity of diaphorase in one of the fractions using a colorimetric assay in
the absence and presence of some additives. The reduced form of the acceptor (NBT) has a maximum
absorbance at the same wavelength of Bradford reagent (595 nm).

ITEg :

SSIEES (NADH IEES) 2—T8E¥E (23.0 kDa) » A MERRZIRIZIS — X8 (NAD) #BEFZ (NADH)
#E AR (NADH) |

NADH + H+ + S35 08 = NAD+ + EREIEZHE -
[EEBE—EIARMTONRERER - EEBFEHERAN ATP £/ -
EABERS - (RREICERERRPACHARSEIERS - ZARUEHEMS -

B MRGARME RV P A C S FIRES - LRI ABIER KT HE 6-4AKBIZE (tag) WEFEEER
HEFRETE » W AERIA o (RIGERRMMEFEERACTFIEES - 6-4AREEIEHNETPH Ni-NTA
Sepharose #ifs ERSRAERMN S > AJBHEES > WHHERERF o

BB ETBEPAERNEER  ATLUEREESERE LNERE - AR ERNRES R (frac-
tion) WeEE EIME M E8E 0V E ( Eppendorf) B o

EREEME > 55/ Bradford EEZAEMEDRPHIELERE © Bradford EEZE—RBLLBAIE » 27
' ZEH52E Coomassie blue' BEREASE > E1EMN 595 nm NIRFE o (RIS HREE T E TR H
ZAREENRAEASACNEERENFMERER (BSA) BRFMSARERMREITILR BRI
BEARTRRDBENELERE °

&& > FRERLEEREZE - ERELERMBERRMMARNNERT > 2AERBRER—ED RPN EEIERS
JEM o AR BREEMNEIEZEE (NBT) IR Bradford SEIFERER K 595 nm BRARULIE ©

Part 1. £—&8%

Purification of bacterial diaphorase using Ni-NTA affinity chromatography.

Procedure:

In all steps, take care to avoid the resin drying out.

The chromatography column is already placed in the hole of the column holder rack. Note that it fits into
the hole tightly. Handle the column carefully during the course of the experiment. The column is sealed
at the bottom with a stopper and the resin in the column is covered with a small volume of 20% ethanol.

It is important you perform the following steps quickly and carefully to protect the resin.
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1. Carefully look at the contents of the column to identify the border between the resin and the over-
laying liquid.

2. Break and remove the stopper at the bottom of the column by twisting it clockwise and anti-
clockwise.

3. Unscrew the lid of the column to allow the liquid to start flowing through the resin. Discard the
flow-through into the paper cup placed under the column stand. Collection should continue just
until there is no liquid left above the resin. Approximately 5 - 7 drops will be discarded.

4. Gently add 500 pl of lysis buffer (LB) to the column, without disrupting the resin, in order to equi-
librate the column with lysis buffer. Discard the flow-through into the paper cup placed under the
column stand. Collection should continue just until there is no liquid left above the resin.

5. Add 500 pl of provided bacterial lysate (BL) onto the column and discard the flow-through into the
paper cup placed under the column stand. Be sure that all the bacterial lysate has entered the
column. Collection should continue just until there is no liquid left above the resin.

6. Wash Step: Add 500 pl wash buffer (WB) and discard the flow-through into the paper cup placed
under the column stand. As the volume of the buffer above the resin decreases to about 50 pl,
add 500 pl additional wash buffer and continue collection of flow-through into the same cup. Add
a further 500 pl to wash a third time and continue collecting into the same cup. Collection should
continue just until there is no liquid left above the resin.

7. Elution Step: Gently transfer the column to the Eppendorf tube 1, in the rack or in the column
holder. Add 500 pl elution buffer (EB) to start release of protein (diaphorases) bound to the resin
in the column. Start collecting drops into tube 1. As the volume of the buffer above the resin
decreases to about 50 pl, add 500 pl additional elution buffer and continue collection of the eluent
into tube 2. (Approximately 1000 pl will be collected, into tubes 1 and 2 in total).

8. Seal the bottom of the column with a provided piece of parafilm and place the screw cap on top.
NOTE: Tube 3 will not be used.
fEA Ni-NTA BRI E A CAE RIEES -
BEYPER
TEFRESEF > FER B G AEHE -

BRrERERETEERRIILEF 25 > EFEAURBEMRSIEN - TEREEFHFNOREERER &
HESE—EZEFRETEH > MEEANERERZALE 20% ZEE28EE -

AREILNOFITA TR » EHRREEFANEEFEER:
1. (FAZEERRAEY - WESEHHERAREEIR BRAEHATESR
2. LUERs & 75 RIS R $ 75 mheds - e R iR E RS RE T

3. ERER LR > SRRERERIBHEE - ZEMIFGIKREE > MAEE THRAN - FEERIMETERER
B (EERREAL 5-7 #)

4, WER BRI 500 pl REZEER (LB) > IVORIF > FERIRBIIEREFE - BERA T HEXPHEAE
BIRREERIERTE - FAERTHEM - BUCRLERR » 8IS - BERIEETERERE -

5. IEFAHEMALAY 500 pl ABERMRE (BL) AMEIERF - REFABARHRBREFAAERT - BERETHMRE - 2
WORHREERR - FrEWeE - ERIBiEPERERE

6. FiFPER 1 AN00 500 pl SEHRAEER (WB) » FIA THEMIZWCRHRIEERR - BBEMAE L5 & ERIREIRH
DZELY 50 pl > BN 500 pl BEIMAEIRAEER - M AEEIZWER R P o &% > BEL500 pl EITE=R
Bt MHEEREE R R T - RS - BRIRETERERE -
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7. FRPER | SERKEEREMEROERNERZN EHMERCE 138 (B 1) Z L < 700 500 pl 5tk
&R (EB) > RSB EARBETINELE (RFES) Faﬁ#“ﬂ&%é’fiqﬂ,;ul':HJIEE’J,&'EEEIJE 17 B8
HRVAE GRS E4Y 50 pl B > BRI 500 pl ZESMEREER - LRFEMAE 2 #EWERRK (B
A% 1000 pl S ERWERIMEMERCET) o

8. BIRMHHNARH ETHENERES - AREBEHRIEREL -
AR AEREES

Part 2. B9

Measurement of diaphorase protein using a quantitative method

EREERFIERGERER

Q.2.1 Complete the protocol below. The Bradford assay will worth 33 points. 33.0pt
SER T SIEERSP 5 - Hrh Bradford assay 1t 33 43

1. Make bovine serum albumin (BSA) dilutions as shown in Table 1:

1. 0% 1 IERREFMERER (BSA) R !

Tube number &5 4 5 6 7 8 9 10
Standard BSA (1 mg/ml), ul BSA 22, 1 (mg/ml), l 0 20 | 40 | 60 | 80 | 100 | 120
Bradford buffer, ul Bradford £&&#&, pl 200 | 180 | 160 | 140 | 120 | 100 | 80

2. Ensure the contents of each tube (4-10) are well mixed by pipetting up and down.
BIBMERE L TRK > BAESE (4-10) NABYIESRIS -
3. Make dilutions of tubes 1 and 2 in tubes 11 and 12 as shown in Table 2:

3. MR 2 Ao > BRIRMEE 1 7 2 RS © BIS 11 #1125

11 12
Eluted protein J&IRER 50plof 1 ZREE 18950 pl | 50 pl of 2 REE 2 B9 50 pl
Bradford buffer Bradford 4&&n& 50 pl 50 pl

4. Each sample will be assayed in duplicate. For this purpose, add 10 pl of tubes 4-10 into wells of A1-
A7, and then consecutively to wells of C1-C7, of your 96 well plate. Subsequently, add 10 pl of tubes 11
into A9 and C9, and 10 pl of tube 12 to wells A11 and C11.

Pause the Bradford assay at this stage, and start Part 3 in the same plate.

4, BEFRREIBRETMICHE o Bt » 5FRE 4-10 P2 FIE 10 pl » ZRINEI 96 FLARRY A1-A7 FLAIH © RBEF
BRRRFRME C1-C7 ?LEP BE% > A4E 11 BN 10 pl D BUARINEI A9 1 CO # » #&E 12 BX 10 pl 2 BUARIDE
FLANMFACITI o

TEUERSER » %8 (= Bradford BIEL1E » WERE—EFLEFRBE=% 9
Part 3. B=4%

Measurement of diaphorase activity using a colorimetric assay
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fERLLBAE LA ERFIREREME

Q.3.1 Complete the protocol below. The enzyme assay will worth 15 points. 15.0pt
TR THIERLR » HpERELAENL 159

Prepare the following solutions in Table 3 into wells E1-E7. Use the enzyme you purified into tube 1 and
2 without dilution.

KRIRR 3 U TARREER E1-E7 AL+ - SECHANBRREE 1 18 2 EREAERHRE -

Table 3 - Enzyme assay

& 3IBRATE

Well number &3 E1 | E2 | E3 | E4 | E5 | E6 | E7

Enzyme (ul) - tube 1 BEE& (ul) - 1 - 20 - 20 | 20 | 20 | 20

Enzyme (pl) - tube 2 B¥E& (ul)-& 2 20 | - | 20 | - - - -

Compound AE&E# A - - - 10 | 10 - -

Compound B &%) B - - - - - 10 | 10

Assay buffer (AB), ul BIFE4&E R (AB), ul | 190 | 10 | 10 - - - -
Substrate (SUB), ul RFESE (SUB), ul - | 180|180 | 180 | 180 | 180 | 180

Immediately continue with the Bradford assay in the same plate.
Bradford Assay (Continued)

5. Add 190 ul of the Bradford reagent (BR) into each of the wells (only A1-A7, A9, A11 and C1- C7, C9
and C11) to which samples had been added in the previous stage (do not add Bradford reagent to wells
E1-E7, used for the enzyme assay). Mix the contents of each well gently with a micropipette tip. Take
care not to create bubbles; bubbles could interfere with absorbance measurements.

6. Cover the 96-well plate with aluminium foil to prevent exposure to light. Incubate in the dark for 5
minutes. Keep your time using wall clocks in front of you.

7. After completion of the 5-minute incubation, raise your card (Spectrophotometer image). A scientific
volunteer will take your coded plate to a Spectrophotometer station and have the absorbance of all your
wells read at a wavelength of 595 nm.

Note: The 96-well plate will not be accepted for reading after the exam is finished.
37 BN{E[E—FL 38 g IE1T 2 BiRY Bradford AR o
Bradford fIE (4&)

5. ERI—PEER BRI R EEFLAL (RE A1-A7 ~ A9 ~ A11 F1 C1-C7 ~ C9 #1 C11) "0 190 pl B9 Bradford
#E| (BR) © sAAETE E1-E7 FLAIAFRIN Bradford A > SLFAREBRELIE - AMERERESSE
LUMNABY) - IRFEEERE > RBFRAETTERAENSER -

6. FATRSEEE 96 FLARLIBALEEER  TERIERRAE 5 8% o (R LAVSEIRETES o

7. ERFE 5 DiEk » BREIEEDHHESTZER (Spectrophotometer image) » IEFRFBNE S i E R IRIREE
FLEE RIS e EsHRIE LS » W TE 595 nm KR TEIFAEFLILAIRIE ©

AR EESERE - MEE ERIET o6 FLBAIE -
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Part 4 ENEE9D

The experiments in the previous sections were previously carried out by other students. You are given
the absorbance readings at 595 nm in the table below. Calculate the mean of absorbance and BSA
concentration (tubes 4-10) and write your answers to 2 decimal places. Use this data to answer the
questions in Part 4.

B HMBER R BEAMIBRTE X EVEER > thiFIRY 595 nm IRFCEBEACHETE TRT © FstERACEFIIEM
BSARE (& 4-10) > MR FEVNEEEMAIBIESE  MBEGERILBHEKREIZE SBEUERD FAIRIRE o

Q.4.1 4.0pt
BSA (mg/ml) | Well ZLAI | A (595 nm) | Well Lz | A (595 nm) | Mean F45(&
A1 0.50 C1 0.40
A2 0.60 c2 0.50
A3 0.74 3 0.62
A4 0.84 c4 0.80
A5 0.95 5 0.91
A6 1.00 6 0.96
A7 1.10 7 0.99
Tube 11 & 11 A9 0.90 c9 0.94
Tube 12812 | A1l1 0.58 C11 0.56

Q.4.2 Basedonthelinear part of data, presented in the table above, draw a calibration  15.0pt

curve between BSA concentration, mg/ml (A) and mean absorbance at 595 nm

(B). You should indicate all of your points in the graph paper. Label the axes of

the graph using the A and B letters and indicate corresponding concentration

of tubes 11 and 12.

B ERPAREI D EIEE > 485 (A) BSA JBE mg/ml # (B) 595 nm FIR A&

Z IRV RN AR o (RIERZEEIR LR EFI AR - (AT & A HE B IR BRANW

B WISREE 11 7 12 HAERRE o
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Q.4.3 Using the standard curve and the absorbance at 595 nm of samples from tubes  10.0pt
11 and 12, calculate the protein concentration of the fractions in tubes 1 and 2.
Write the protein concentrations of tubes 1 and 2 (rounded to two decimal
places) on the answer sheet. Molecular weight of diaphorase is 23.0 kDa.
fEREERERMAR > URME 11 M 12 HmfE 595 nm BEXRIRIE > stHE 1 /0
2 FRARPNELERE °
AEEMLERTE 1 /M 2 NEQHERE (MELAR/NSRBMAI) - VFIEBEND
FE%4 23.0kDa°

Tube Mean Absorbance (595 | Dilution Tube Concentration | Concentration

Num- | nm) from table at begin- | Factor Num- | (mg/ml) (uM)
ber ning of Q4.1 HIE(EEL | ber BE (mg/ml)
B | FHEHRUE (595 nm) {iE =4
Q4.1 FAtRFFRY RS
11
12 2

Kinetic parameters calculation

The same students measured the enzyme activity of 10 pl from tube 2 in a total volume of 1.0 ml. Ab-
sorbance of the solution was measured over a 1-cm path length.

Over 3 minutes, the absorbance at 595 nm increased linearly by a total of 0.6 units.

Assume the extinction coefficient of NBT to be 12.3 M~! cm~!. What was the specific activity of the en-
zyme purified by this student? Write the answer to 2 decimal places, in Table Q.4.4

BH2ESEGEE

E—#HSEERNER > HERHT1.0mI NE 2> MEHF 10 pl EREMN - €A 1 on ARRERAEZ KR
IR ©

£ 3 P& > 595 nm BIRILME » MEETEARIEIEIN 0.6 BEIRULELL ©
{iRE2 NBT RUHLAES 123 Mt em ™! » BEFS2EACHRNERLEER SV ? 551K Q4.4 RIEAT/NEH
REBMUATEEE ©

Q4.4 5.0pt

’ Specific activity EES&M (U/mg) or pmoles x min—! x mg—!

As a rule, enzyme kinetics, can be described by the Michaelis-Menten equation:

Vmal S
Vo = ety
where,

4 is reaction rate,

Vinax IS maximal reaction rate.
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S is substrate concentration
K,, is Michaelis-Menten constant.

When the oxidised NBT (substrate) concentration is 20 uM, diaphorase activity is 6500 pmoles x min—!
x mg~L.

K,, isequal to 10 pM.

Vmax
kcat = [E]

where,
k... is enzyme turn over number and [ E ] is the concentration of the enzyme.
RERIRA > BRBFIZTLUKER Michaelis-Menten A2k

ViazlS
Vo= K, +[9] +[[s]]

LtEEE >

Vinax BERAREREK

S BRERE

K,, % Michaelis-Menten % &

EE/CREM NBT (R H) RE# 20uM » SEIEREMRE 6500 ymoles x min~! x mg~!
K,, 5 10 pM

Vmax
kcat = [E]

s >
o ERRSIRAE > T [£] ERSMRE

Q.4.5 Calculate the V,,,, and k_,, for the diaphorase. Write the answer to 2 decimal  10.0pt
places.

STESURIEESRY Vo IR k.o o HAZVNBRBMAIAEE o

Vmax
k

cat (SGC 71)

Q.5
Conventional purification

To purify two proteins, A (MW: 25 kDa, pl: 4.5) and B (MW: 55 kDa, pl: 8.8) from a crude extract, based
on their physical properties, a size exclusion chromatography (using appropriate Sephadex type) and an
anion exchange chromatography (DEAE-Sepharose) column were used.

Identify the following statements as True or False by marking a cross (X) in the appropriate cell

{Eiran(t
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MIREBRTEZEA A (DFE 25 kDa» FEE pli4.5) EBEH B (9 F= 55 kDa > £EE pl:8.8) c ERIR
EMNYMEREY > FRA—ES FHEMEE FEABESH Sephadex fifs) Uk — AR FRIAEHEDE
(DEAE-Sepharose) » ZR4H{EE1 o

FER T EATHEIZ ERE (True) SUEHE5R (False) » EEERFHIT—EXX)

Q.5.1 4.0pt

Statement True IEFE | False #H:2
it

Protein A has a higher affinity to DEAE-Sepharose than B at
pH 7.0.

EH AEERER B 7£ pH 7.0 ¥ 2 DEAE-Sepharose BE
SRBYRYIRA

Protein A elutes faster than B from Sephadex.

EH ATHEERNEHB B » 1 Sephadex HRBIEREER
Protein A elutes faster than B from a cation exchange resin at

pH 4.5.
7 pH 4.5 B » EH A EBINER B » £ F 3 BlEF R
HRERIR

Protein A elutes from DEAE-Sepharose at higher salt concen-
tration than protein B at pH 7.0

£ pH7.0 B> EH A HERINEH B> T = EIRIR T DEAE-
Sepharose #EARAVREERIR
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Q.5.2

Q.5.2 Bacterial hosts #ARTE* 4.0 o
Different E. coli strains are optimized for expressing different kinds of synthetic
proteins, as shown in the table below.

MTRFT » FRNABEREFEBEL  ARREFFABENGHNELE -

4.0pt

Bacterial Bacterial strain (E. coli) Characteristic

Code MEEK (KBEE) ST

HHE RS

A BL21- Codon Plus For rare codon expression
FRREFFEEF

B Origami Improve disulfide bond in cytosol.
CUE AR B PRV IR AL

C BL21-Codon Plus (DE3)-RP-X | Enhance expression of heterolo-
gous proteins.
HEaRINRERARRE

D C43 (DE3) Prevents cell death due to expres-
sion of toxic proteins.
PR RIR IR B IEERTMIET

E SoluBL21 Suitable for expression of insoluble
protein in soluble form & AR
AAERERTEKAALR

F C41 (DE3) Suitable for expression of mem-
brane proteins B&RFEEH

Which E coli strain is most suitable for the expression of the following proteins?
Choose only one option for each protein, and write the
the above table:
BEEBEAGRREMRESARRENTERE » BEEREEUEE—EAAE
Bm> R T ERPR WDEAE

‘Bacterial code’ from

Protein ER &

Bacterial code #AE L%

Insulin EE =

N-terminal domain of Gasder-
min D with ability to make a
membrane pore

Gasdermin D EHBI N ix > H
BETRZEEFLANEE

Glut 1, which is responsible for
glucose transport

Glut 1> EEREREE

Proteins with high beta-sheet
content

AEBE beta ITEMNERE




