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Dear Participants, Hy &y g ¥

A —

In this test, you have been given the following 3 tasks: 74 =4%% ty = (VB fRERE !

Task I: Protein electrophoresis (35 points) EEEI’E’T%’?Z? (35 77)

Task 11: Protein quantification (30 points) &=F I"Fvt:El (30 77)

Task I11: Protein purification (35 points) = 8T [ (35 57)

Check your Student Code on the Answer Sheet before starting the test.

@%g‘ F‘T hoy: uﬁﬁ%ﬁ_ﬁ%ﬂﬁ o % Fﬁ?ﬁl[

Write down your results and answers in the Answer Sheet. Answers written in the Question
Paper will not be evaluated.

- RV RN RS T o AR P -

Make sure that you have received all the materlals listed for each task. If any of the listed items is
missing, raise your sign.

T B RO THIRERLAE TR » IR e DEE T
Use penonly. 7 f™ IR ET

You should organize your work efficiently but ensure that you complete task 11 early

enough to obtain the spectrophotometer readings to answer the questions that follow.

o I RS R E 35 P 5 ETHIRE » PRy task 1153k A GO HER > 2
[:H[ F&[“j/ ,”‘%'ZF[UE{ETE I o

Stop answering immediately after the end bell rings. &% &5 Jf4 LH‘PF‘“

After test, enclose both the Answer sheets, Question paper, and Data printout in the provided
envelope. Our lab assistants will collect it promptly.

RGN ’}Hr,:jt ) FREE | H I pIReER #’[ EAYfE [ﬁ[ o Sl SRR o
No paper or materials should be taken out of the laboratory.

= s ‘E&%ﬁﬁﬂéﬂgﬁﬁ% IR .

Good Luck!!
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Shared instruments:3{ E'JF%ﬁFJ

Camera, spectrophotometer, printer

Equipments and Materials:?ﬁﬁé?‘ﬁ%{ﬁl

Equipments: F%’“[ilﬁl

1
2

10
11
12
13
14
15
16
17

Power supply E‘ﬂfﬁl HIER

Electrophoresis tank (with gel and buffer)
Gy

Micropipettes P20 and P200 f%iﬁpk'fﬁ P20, P200

80-well microcentrifuge tube rack 80 +~ rﬁﬁﬁgug‘fﬁ#ﬂ

Wire test tube rack with 15-mL centrifuge tubes (x6) (yellow cap)

T\ﬁﬁ% Fh 7{' E[JEFF[ 6 4 '[§ 15 mL E&w Fh
4-way test tube rack 1=k ET%I

Plastic droppers in 15-mL centrifuge tubes

15 mL EE TR A

Micropipette tips (for P20 and P200) f%E! PBFJ "BEi
Timer ?r]ﬂﬁ e

96-well microplate 96 +“f%E!fk

Marker pen & paper label F pIETERERT

600-mL beaker for waste disposal 600 mL %47 (5t/5ifk)
Scissors  Fi~’

Double-sticker to attach the results <518 (Eﬁiﬁﬁi )
Student Code sticker 28 ﬁ-’j?’ﬂ'ﬁ%

Tissue paper &4 %

Mini centrifuge (if you need to spin down the samples in the
microcentrifuge tubes) fFAEIEEES (A H])

RS 53k R A

Quantity
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Materials: %] Quantity

1 Loading dye (microcentrifuge tube-L) (pink tube with orange label) 1
F R (R B L) O3 o1 Rt 152 28)

2 Pre-stained protein molecular weight marker (microcentrifuge tube-M) (pink 1
tube with orange label)
TR VET5) BT (BRI BT M) (BT e i 1)
3 Unknown pre-stained protein samples (microcentrifuge tubes-U1 and U2) 1
(pink tube with orange label)
ARG TR (RIERT-UL 2 U2)(B 3R 1 55)
4 CBG reagent in 50-mL centrifuge tube CBG E¥flktiT 50mL Fﬁ%‘u\fgﬁli 1
5 Bovine serum albumin (BSA) concentration standard (0.5 mg/mL) in 1
microcentrifuge tube (green tube with yellow label)
FIEF AT (BSA) R IEARIER (0.5 mg/ml) (RERETE AR
6 Enzyme E in two microcentrifuge tubes: concentrations X and Y (green tube 1

with yellow label) ¥ X =2 Y Uiz E (et F[ | IR )
7 Distilled water (microcentrifuge tube-ddH,0) (green tube with yellow label) 1
B (BRI dd HR0) (1R 1 f58)

8 Protein sample (microcentrifuge tube-C) (blue tube with blue label) 1
s VBV (BT (B RV iR 35)
9 Anion exchange chromatography column on 15-mL centrifuge tube 1
15mL B = IR B B e ety My
10 Anionic buffers Aand B (5 mL each in two separated 15-mL centrifuge 1

tubes) (green cap)
PHES R A= B(f SmL ST I5ER 15 mL s~ EE i)

11 Coomassie brilliant blue G-250 (CBG) reagent 1 mL in each of six 15-mL 1
centrifuge tubes (Al to A3 & B1 to B3, red cap)

Coomassie brilliant blue G-250 (CBG) %] > 5J HIEEFT 15 mL 57 <132+

HE o Fh J ';JFI imL &7 JJH[H:BF*?HE Al, A2, A3, B1, B2, B3)
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Task I (35 points)
Protein electrophoresis EE-EITE’T*F%”??

Introduction: [ /7

Polyacrylamide gel electrophoresis (PAGE) is a common technique for protein study. It can be
used to separate different proteins based on their charges or sizes. A type of PAGE is termed
SDS-PAGE, in which the negatively charged chemical, SDS, is added before protein
electrophoresis. The amount of SDS that binds to proteins is proportional to the size of the protein
which confers each protein a similar charge-to-mass ratio and renders the intrinsic charge of the
protein insignificant, at least for this experiment. Thus, the major factor that affects the migration
of protein is the molecular weight (MW) of the protein during SDS-PAGE. The relative mobility
(Rf) of the protein can be calculated as the ratio of the distance migrated by the protein to that
migrated by the dye-front. The value of Rt is inversely proportional to the log of its molecular
weight.

%F‘J@%"iﬁiﬁg?ﬁ? (Polyacrylamide gel electrophoresis; PAGE) %iﬁf’E'JJET?ﬁ;E'I’E’T’F}JIZI‘g o i’
VYRGS TP S 5 R 0 B e ET B - — FEAIEY SDS-PAGE [l
IRk 328 5 PRV 7 s VIR A PR [ SR8k, SDS » i VBV £ SDS
ORI e [ VRV PR R« PO RS RIS SR AR O e BT ES
(charge-to-mass ratio) » PP I e Sep VET A 2 yﬂ’ﬁ”“ﬁj e o Bl > 13E~ SDS-PAGE fv
PRI BUAY S ETFZ ORISR (DR S VR SYEYST R (MW) o S ETAERS
folt (R RO A IR B R 4 R RS BB R L iy
(TS B 19755 =7 BV E‘ﬁ@’?‘}fhfﬂ?fé [ o
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In the problem set, you will perform the following experiment:

(et (= 8 B [ ATHIEE

1. An electrophoresis tank has been set up for SDS-PAGE, in which a polyacrylamide gel has
been secured on electrode assembly and electrophoresis buffer has been filled. There are 10
wells for sample loading on the top of the gel. To load the sample, use the P20 micropipette
with tip to withdraw protein sample, and carefully place the tip on the top of the well. By
injecting slowly the sample will sink to the bottom of the well by gravity (Figure 1).

~ [R5 5 4R SDS-PAGE. FEHRHI= RELEIH B - IR~ RV sk A
PSRRI - RIS F] 10 well [ HERSE) - R L R o 1) P20 Uk

PBFE?PB?V&?E’ITE’T%J[: ) fF'l'iJ‘?‘ well J—fﬁ} TR TE] 'E'EJL{—ﬁ;'iYI: it well e

—
]
s
—
1
=

Protein Ul
Protein U2

2. If you need to practice, use the P20 micropipette with tip to withdraw 10 uL of loading dye

from microcentrifuge tube L (pink tube with orange label) on rack. Load the dye into wells 1
to 3 or 7 to 10.

UMM FRAFT > 1) P20 RERIPSTINIV 10 b BEMSL T L (R A3 Svs)
EJ}‘H 1,’&#[15” G 1-3 F 7-10 pywell
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3. Each of the microcentrifuge tubes M, U1 and U2 (pink tube with orange label) contains 15 uL
of protein molecular weight marker, unknown protein Ul and unknown protein U2,
respectively. Use micropipette P20 to withdraw 10 uL solution from each tube and load the
samples into wells 4 to 6 as shown in Figure 1.

FIBT P20 BRI HIFT ) A5uL YAIREIBES G (557 136D < fetag) o

?V??F’.}%&? M> Ul> U2 E{fjﬁﬁﬁ 10 ul » 73 H[Ji#j&ﬁp;ﬁu 4-6 5 well fl1> vpﬁl 1 5. o

4. As soon as you finish sample loading, [Lift the sign|, lab assistants will connect the power cord
to power supply and set the voltage to 200 V for you. The gel will run for 25 minutes. The
timer will be set up by an assistant to countdown.

A DU 3 T [ - DS B R RO TR 200 Vo
S T eI R R S - T IIED 25 S8 Sl sl R
I el

lab assistants will disassemble the
electrophoresis set-up and give back your gel. Wipe clean the surface of gel with tissue papers
and label the gel with your Student Code sticker. Lab assistants will take the photo of your
gel. Put the photo on the answer sheet using double-sticker (5 points).

o MiFx ﬁéw'ﬁ I ;ﬂ]“ﬁf Iy I)if}g?a ek 'IEE}ﬁﬁﬁ%EE‘%‘]}[
o B 2 Eﬁlﬁﬁ SR SRR KRB A S
Fﬁfiﬂl’,ﬁj— 6 )

5. After finishing electrophoresis,
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Answer the following questions: [l %™ [

0.1.1. (2 points)

Figure 2 shows a photograph of a SDS-PAGE gel. The electrophoresis start point and dye-front
are indicated. Which side of the gel should be connected to the anode (+ charge) of the power
supply? Mark your answer (X) on the answer sheet.

il 2 £5 SDS-PAGE [l - & @*ﬂjm ST P SR RO
AR FBRATY (H@)?%T‘i}’p’é PR Ft[

kDa M A B
5 ° <+— Start point

) 100- S EEHA 2L

ERBIEE -
Dye-front ——

b 2

u]%
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Q.1.2. (8 points)

Based on the information provided in Figure 2, make a plot of log molecular weight values of the
five marker proteins versus their relative migration-R¢ values on the answer sheet (4 points). Use
the graph to estimate the molecular weights of unknown proteins on lanes A and B (4 points).
Write down your answers on the answer sheet.

BT 2 TR SRRV 5 (R VET S B R O
) (R) 7 FRRE AR SR (- 4 )

FIP AR L PO » S I 10T A S BT RIS - (4 03) U GENE

[;HJ f[ %t F o

Q.1.3. (5 points)

A protein complex of molecular weight 246 kDa is composed of multiple subunits bound by
non-covalent interaction. Two protein bands of 57 and 33 kDa were identified after SDS-PAGE.
How many 57-kDa and 33-kDa subunits, respectively, are included in the protein complex? Write
down your answers on the answer sheet.

~ [W53RIEL 246 kDa f g VETHE (1 0 3 s VRV SROHIA TS o (IR

TE’ZF[ o 71551 SDS-PAGE 77 B U IIF‘F]KJ][#jJ:J £l 77 [H“t 33 kDa == 57 kDa F[UES_E[@TIFJ“ R ng;{

S VEVHEE P23 HIF T DI 33 KDa = 57 KDa I g VEVHIT: ity 2 il Oy
E S

fl

Q.1.4. (5 points)

The average molecular weight of amino acid residues is about 110 daltons. How many amino acids
are there in the 33-kDa protein subunit? How many nucleotides of RNA are translated into the
protein? Write down your answers on the answer sheet.

ISR SL P 24955 = B 4% 110 Da - %F} = i 33 kDa figf 1ET5T (12 D i Sl o
7 2 S R A RNA B F) %D I 2 GO T R R TR
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Q.1.5. (5 points)

Suppose the average molecular weight of nucleotides is 330 daltons. Excluding intron and stop
codon, what is the mass ratio of dsDNA encoding the 33-kDa protein to the 33-kDa protein? Write
down your answer on the answer sheet.

MBEAY ] Pt #9535 £ 4G 330 Da = #HAT R =32 IHHfR - %]} [fHisk— [ 33 kDa fiYgs
PSS = AYSPIE DNA (dSDNA) =2 g 1FTROETE! E=Rh ¢ ﬁ% Sis ;;t th,i F 5% o

Q.1.6. (5 points)

Suppose a protein P can bind to a protein Q (MW = 1000 daltons). The binding can be revealed by
gel-mobility shift assay. Now 200 pmol of protein P were mixed with various amounts (0 to 500
ng) of protein Q. These mixtures were resolved by 10% (w/v) polyacrylamide gel. Gel was stained
by Coomassie blue and is shown in Figure 3. Calculate the binding molar ratio of proteins P and
Q? Write down your answer on the answer sheet.

@;l%gﬁ ¥ P Fﬁ’gﬁ v Q (55~ EH$2T 1000 Da) ﬁﬁﬁ ,(EU e R R
F25347 (gel-mobility shift assay) =1 « 25 4 F] 200 pmol IV 1T P 2+ [f] ﬁﬁ}ﬁfjﬁ;p@?

Q (010500 ng) 3L < SFEIFL /P[] 10% PAGE 377 Ji#5i% » '] Coomassie blue 3<%

yp[ﬁl 3 F. o ﬁ%ﬁﬁﬁrﬁ VT P =2 P 1ET Q AYELE Efifi (molar ratio)

Protein Q (ng) 0 100 200 300 400 500
Proteins P + Q —p| e —
Protein P —p» B S S e

e

10
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Task 11 (30 Points)
Protein quantification #&rf I#TLE

Introduction: fif /7

Coomassie Brilliant Blue G-250 (CBG) is a protein staining reagent. It appears in a different
color under different pH conditions. It looks reddish brown in acidic solution, whereas it turns blue
under neutral or alkaline condition. Since proteins can provide a relative neutral environment,
CBG will turn blue with the maximum absorbance at a wavelength of 595 nm when binding to
protein. The more protein there is in a sample, the more CBG will bind to it, and thus, the higher
intensity of blue color will be. In other words, the absorbance at 595 nm is proportional to the
amount of protein in a sample. Based on this, one can determine the concentration of protein by
measuring the blue intensity of a sample.

Coomassie Brilliant Blue G-250 (CBG) hl— 78 i 1ETHUH] « it TIflpY pH ffi™ ?ﬁﬁﬂ\
[IROBET 1 o PRI B FRET 0 T A W] o B SPIERE0 « I e 1T s
EEASIIERIR [ CBG (g e J iy IWTE 0 595 nm T LT R
Al - B IR ARIE S 0 CBG A AIE % - EﬂﬁE’LEI TRV I - B
o 505 nm A (7SS VR BB ET  JURIRCED o it A < 3
Arf VEEA,

In the problem set, you will perform the following experiment:

(et (= 8 B [ ATHIRE

1. To make BSA concentration standards (Table 1), add 0, 2, 4, 6, 8 and 10 pL of 0.5 mg/mL
BSA (green color) in Al to A6 wells of a microplate (Figure 4). Make duplicated BSA
concentration standards in B1 to B6 wells. If this step is incorrect, you can repeat the
procedure in wells A7 to A12 and/or B7 to B12. Adjust the total volume of each BSA solution
to 10 uL by adding an appropriate volume of H,O (Table 1).

U™ BSA RN (U 1) o IR 4 5 SRS AL E A6 [0 well 153

(RTARYN0, 2,4, 6,8and 10 L 2% £h 0.5 mg/mL {19 BSA (e g 1 58) - Fiki -

11
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PRI BL X B6 9 well f|i -

O T S

R o

1A’

Jo i 53 HIF AR T well 1 BSA YTIKAIM - SIS 10 L -

% 1

il A7 2 AL2 well (== B7 £ B12 well HIQ?ETL"““?

Well of a microplate f%'r‘i“ﬂ%;?ﬂ%‘!?

Materials F1€| Al&Bl| A2&B2 | AS&B3 | AAd&B4 | A5&B5 | A6 & B6
0.5 mg/mL BSA (uL) 0 2 4 6 8 10
H20 (uL) 10 8 6 4 2 0
Diluted BSA 0

concentration (mg/mL)

R % BSA HE

12
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f oooo,o,ooooo*
10000000000
10000000000

2. Add 200 pL of CBG reagent per well in Al to A6 & B1 to B6. Mix and observe the color
change.

li‘ﬁ%l:[[ Al to A6 = B1 to B6 F[J well 7J H[HT Jl:[ 200 “L ?B%EJ CBG E)';WMJ iE'LI:L\ e
L iR [ o

3. To determine the two concentrations X and Y of enzyme E, add various amounts (2, 4, 6, 8 and

10 pL) of enzyme E (green color) in duplicate to empty wells and bring up the volume to 10
},lL with Hzo.

FLHIEI R E PURRE A R > ) ﬁglﬁﬁqlf X =Y o T IR well BE S
IR o REAF0,2,4,6,8and 10 L 9T E R ANEE X EE Y o 2R A

—[‘ﬂ _{ well ?‘E—I% BR,[F&[\J?B%E 10 },lL TEIJF'ZJ FLEI%

13
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4. Add 200 uL of CBG reagent per well to the diluted enzyme E. Mix and observe the color
change.

R 3 Py well (153 HUJ |1 200 pL fEAAfY CBG 34 - if-l S T IR A [ o

5. Lift the sign|, lab assistants will accompany you to measure the absorbance values of your
samples at 595 nm using spectrophotometer. Put your Student Code on the print-out data with
marker pen.

rrjj?ﬂﬁlf? Jrrjrj ﬁg&[ﬁlﬂjjjﬂﬂma‘l‘li 595 nm + F”P]S,%U IENEH
SUR P S_T“&HJ,_ ,FILJQ“EF%J Pj' F’j’lj FI SE7E FFFF

6. Return to your work bench, and put the result on the answer sheet using double-sticker.

[P i i b S 2 *p[’fﬁ Iﬁ*}

Answer the following guestions: [.Fl'li’%ﬂ‘ Wil

Q.2.1. (10 points)

Calculate the concentrations of BSA in each sample (10 uL) and fill in the blanks in the table
on the answer sheet (Q.2.1.1. 5points). Use these values to plot a standard curve of BSA
concentrations (X-axis) versus mean absorbance values of duplicated standards (Y-axis) on the
answer sheet (Q.2.1.2. 5points).

FH T~ i BSA BRI IUIRE - T FRAT HIUR T - (Q21.L.5 5))
FIPHREE BTN s IPRYERE (X iEf ) SRR AR O S (Y )
Rk gL ARIE AT - (Q.2.1.2.5 51)

14
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Q.2.2. (12 points)
Choose the best sample solution of diluted solution X and Y within the range of BSA standard
curve and fill in the table on the answer sheet.

PUEREA X Y ORGSR 0 RN T BSA IR BRI S ]

7 PR

Q.2.3. (8 points) Based on the best sample solution you chose, calculate the original
concentrations (X and Y) of enzyme E from the standard curve of BSA concentration. The
concentrations should be expressed in units of mg/mL. Write down your answers on the answer
sheet.

PR RV A A %%??‘T?TQ AN AR e FERTTES B AR iﬁ,
e X2 Y FURUEIRE © S TR ETE EY mg/mL e SRR AR

15
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Task 111 (35 points)
Protein purification

Introduction:

Column chromatography is commonly used for purification of proteins. The column is made
by packing solid porous material (stationary phase) in a column filled with buffer solution
(mobile phase). The protein solution to be separated is loaded on top of the column and allowed
to percolate into the solid matrix (stationary phase). A reservoir at the top supplies elution buffer
constantly which flows through the matrix and passes out of the column at the bottom (the
eluent). Since proteins interact with solid matrix in different degree, individual proteins migrate
faster or more slowly through the column depending on their properties. Therefore, one can
obtain purified proteins by collecting eluent at different times (Figure 5).

A
Eﬁ? 15 Tfrﬁ' BT S VTR (R F; ﬁﬁ f53 BRI — TE R |
(P EL[IEAE) ﬁ!ﬁflléfﬁp%fﬁ?*& (B BRI © 53 B Sp N@f’rjfkfg 3=<~J[[7‘iF|
B> R S OEIRGE  RTRELET (CIREAE) flre i Ay E,ruﬁ = 7 B e
(reservoir) Ul » H ZPRERLR ) i i BLRE B AT (elution buffer) 1} [ R FTE I A=

B Rl ﬂ’g Wﬁ?@ﬂt LiEE (elution) ’élﬁr BT ELET AR T (e
S VRV P ER PR 1 [ 7 o R - PRSP T T IR SRR
fi W%’ = R 1T ([ S) -

lon-exchange chromatography can be used to separate proteins with different electric charge

at a given pH. In anion exchange chromatography, negatively charged proteins bind to positively
charged stationary phase. Using solution containing anions to compete with proteins for the
adsorption of solid matrix, the bound proteins will be eluted. In practical, proteins are eluted first
with buffer containing lower concentration of anion, then with buffer containing higher

concentration of anion. Since different charged proteins interact with the stationary phase in
different strength, they can be separately eluted by different concentrations of anionic buffers.

BET e P o) TSI RUCELRLA A R B pH il ’ﬁi’ﬁﬁf’%‘@ﬁ?fl@?’?ﬂ FE TR
fie o R o ES e PRSI ATH T TR l@‘rgwpbm PRI A -

16
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R S AR TSI © P - DS et A T B T P
TR BRI BRGS0 [ (SR PO ¥ ST - T4 s e R
BB YRR © P PR BIEAR o 5T RIE) T R FTR FOROSEE BT e
(B [ O Y SRR

s et e \ i) I\ [
SAVBES | /\ / \ /
RHVETF R ’ /

RIS BB
i S

17
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In the problem set, you will perform the following experiment (5 points):

(e = SRR [ ATHIRE (5 51)

1. Label six 15-mL centrifuge tubes (yellow cap) al to a3 and bl to b3 accordingly, with a
marker pen.

V6 @F,c 2~ pY 15 ml EEe an ’ 7’}&”],")%‘,4 pIETHRTE al, a2, a3, bl, b2, b3 -

2. Take the anion chromatography column (Figure 6A), un-plug the tube and allow the solution
to be drained by gravity in the same centrifuge tube. Plug the tube intermediately when the
liquid surface reaches the top of the disc (Figure 6A, white arrow). Do not over-dry the gel
as it may affect protein purification.

- DIREES R HEETITY (UE 6A) » BT AR AR BT [Pl
AL F'L”F“&HT“ F?&ﬁﬁuL?fr[ P4 (disk; qﬁaﬁl BA > [Ic lrnjyﬁzﬂ_) RN
[ PR RUR RS 2 o I R ’ﬁfjrﬁﬁ S VERAYRS SRR o

3. Withdraw 200 uL of protein solution from microcentrifuge tube C (blue tube with blue label)
using a P200 micropipette, apply the sample to the chromatography column slowly by
touching the filled pipette tip lightly against the inside wall of the tube (Figure 6B).

7] P200 [URKEIFLAY » FIRCRIBEC Y C (o< i) Hv 200 ul 3y
TR - IR 6B T S s IR TR AR D -

4. Un-plug the column and allow the protein sample to drain out, then transfer the column to
centrifuge tube al (yellow cap). Withdraw 3 mL of anion buffer A (green cap) with a plastic
dropper and apply the solution to gel by touching pipette tip against the wall of the tube
(Figure 6C).

@“ﬁﬁﬁﬁ"%i““ﬁWWW3mmei:iwongm B A
3[7%?%}[5 HIEGTE e D 6C e > RIS al s il - FUF RS R
VEPTITRE AR AR T T

1S
=

>

18
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5. Collect ~1 mL eluent in centrifuge tubes al to a3 (yellow cap) sequentially. It takes about 2
to 3 minutes for each tube.

STl EARA-F) al, a2, a3 EIfJ:F"T[ EL"[FE"%@\*ETHI s [(ARER RS 1 mL pusy EERRAEA A ’EJ*FTT%‘

ﬁ%ﬁf 2-3 5iEf o

6. Allow the contents of the column to drain entirely out then transfer the column to centrifuge
tube bl (yellow cap). Withdraw 3 mL of anion buffer B (green cap) with a plastic dropper
and apply the solution to gel by touching pipette tip against the wall of the tube (Figure 6C).

ﬂﬂfgﬁﬁﬁ VHIpRE Efh A vp[ﬁi 6C H J{ﬁ’%ﬁ”ﬁ’*??fﬁﬂﬁ? bl ﬁlc BES e Frpl- 3
frE BEC eV 3mL pUIHRE RSk B (W) > FIRIBES AR ETR B N AT
PEAVEE > AR

7. Collect ~1 mL eluent in centrifuge tubes bl to b3 (yellow cap) sequentially. It takes about 2
to 3 minutes for each tube.

SYRIEEAR T E] L, b2, b3 PUE STEEC AR (MRS 1 mL pUST BRI - Y

?4?7#“]3% 2-3 53 o

8. Withdraw 50 pL of eluent from tubes al to a3 & bl to b3 (yellow cap) and transfer to
centrifuge tubes Al to A3 & B1 to B3 (red cap), respectively. Mix and observe color change.
CBG (see introduction in Task Il) reagent in tubes Al to A3 & B1 to B3 will turn blue when
it reacts with the eluted protein.

ST HIIFERE al, a2, a3, b1, b2, b3 FY, G~ Ay eIV 50 ub puik ik - BPEp “Hf
I CBG (F%ﬁ bl Task 1) 7455k AL A2, A3, B1, B2, B3 i ZE54 i} l’ifi B LA

LR o Rl P g

19
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9. After finishing all the experiments, [Lift the sign|, lab assistants will take photo of your
experiment results and put a stamp mark on your answer sheet. Without the stamp mark, you

will not be evaluated the Q.3.1.1. and Q.3.1.2.
HiH B i S B BRR B 2 R B -
PR E R Q311 ¥ Q312 KRR -

R N Ty =Y
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Q.3.1. (7 points)

Mark the deepest color change (X) on the answer sheet (Q.3.1.1. 5 points). Which of the
following buffers (buffer A or buffer B) can be used to elute the protein? Mark your answer (X)
on the answer sheet (Q.3.1.2. 2 points).

lejuﬁ‘[ﬁi o [F[ UFE Fh ,}[ﬁj’ I—P[ﬂﬁkﬂq F[J 55?, ﬁ—)“g:r”v'?g%;‘fg Q-3-1-1- =y —_n[) XT?
F_E[El (5 ) -
(PRAMREET S (A 5 B) P BE Iy 1I7 2 SIS AR Q312 % I XAE

?El (2 53) -

Q.3.2. (5 points)

Enzyme A is a protein whose surface is evenly distributed with electric charges. If enzyme A can
be eluted from anionic exchange chromatography by high concentration of anionic buffer, what
is the property of enzyme A with respect to electric charge? Mark (X) the answer on the answer
sheet.

FEsk A fL- AR qrﬁﬁumm’m@% Pk A i BRSO R A
A R U R A ORI H L L R X

(A) High negative net charges ﬁ,'J E F%‘{%b
(B) Low negative net charges {7 F%TEE
(C) Zero net charge zrrufﬁ

(D) Low positive net charges f:;‘if—%ﬁ

(E) High positive net charges i T
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Q.3.3. (4 points)

Different amino acids differ in the chemical nature of the R group (side chain). Figure 7 shows
four amino acids A, B, C, and D in their prevailing ionic forms at pH 7.2, with the side chain
marked in white box. Which of the following amino acids in Figure 7 would be present more
frequently on enzyme A? Write down your answer (X) on the answer sheet.

TR S IEF T R L (RIBD [ 7 fe DL P W R FLIT > P o R 3L
TR T”“I?HI/E 730 pH 7.2 [ORRE < 7 F PR L R TR A‘?%

LR X AR -

NH,*
o, 0 CH,
AN c’ CH,
g ("JH2 CH, OH
HN'—C—C( HSN'—|C—C< HaN*— cl: SO C\: c%
H . H O o Woo
(A) (B) (€) (D)
Figure 7
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0.3.4. (5 points)

Hydrophobic interaction chromatography can be used to separate proteins based on their
hydrophobicity. To perform the chromatography, protein samples were first treated with buffer
containing high concentration of salts such as ammonium sulfate (NH.),SO,, which will remove
water molecules from the protein surface. This causes the hydrophobic area on the surface of the
protein to be exposed. When the salt-treated proteins are subjected for chromatography, they will
be absorbed on the stationary phase through hydrophobic interactions. The higher the
hydrophobicity of the protein, the stronger the absorption. As salt concentration can affect the
hydrophobic interaction between the protein and the stationary phase, different proteins can be
separately eluted by using different concentrations of salt-containing buffers. If enzyme A is
highly hydrophobic, which of the following buffers should be used to separate enzyme A from
other proteins by chromatography? Mark (X) the answer on the answer sheet.

sfof (2511655 7 (Hydrophobic interaction chromatography) [t I'JRLF||H] gf 18T =<
[ERVF RS Grf 1B 85 T &5 T > Sef ‘Wﬁiﬁ“j[ IR UE@FW%?JQ’ I ik

Pl ¥ (NH2)2S04 g 2E 5 0 o [ I AT S % g VRV f50 =7 o PR e 1R g o
I’E“‘FAT@?H?HW o TEPATEAE o I IR REORTRR E Srp VET Sp R BT EAT I'EI%'?E?EL
[l AR e T S (ER 0 o SR TR I > SR EATI AR IR o RO IR
g "'ATE‘V/% sprf VERER U EATR A1 B2 o I 7[R EIGJE@?E%‘?TEI'EIFV IR e
FIETSTES . B [k A SR BB PR R R R A SRR
Sy VRS ST EE? ﬁuif’@feu BRI X e

(A) Low-salt buffer  [“iE/% EROHH Efk

(B) High-salt buffer 24 O R% Ak

(C) Buffer without salt = &%§[73 ik

by

—
il

(D) Low-salt buffer first then high-salt buffer
L ff B (S RO T 0 R AR
(E) High-salt buffer first then low-salt buffer

2 R FORRAEA TR | AL (RIS R
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Q.3.5. (4 points)
If enzyme A is highly hydrophobic, which of the amino acids in Figure 7 would be present more
frequently on enzyme A? Mark (X) the answer on the answer sheet.

IF—@% Mk A STEE|pusiflE qgﬂl 7 fIFFE R PR SR A F[If&ﬁjﬁﬁgj?ﬁ%g Y
f' [—éﬁ-ll X )FEF

Q.3.6. (5 points)
Gel filtration chromatography separates proteins based on their sizes. The gel, or stationary

phase, consists of cross-linked polymer beads with engineered pores of a particular size. Small
proteins enter the pores and are retarded by their more labyrinthine path. Large proteins cannot
enter the pores and so take a short path through the column, around the beads. Table 2 is a list of
gels and their fractionation ranges. Suppose both enzyme A (22 kDa) and protein B (44 kDa) are
single-subunit proteins. One would like to purify enzyme A from a mixture containing enzyme A
and protein B using gel filtration chromatography. Which gel is best suited for the job? Mark
your answer (X) on the answer sheet.

RT3 P (Gel filtration chromatography) fI/REELRLF([H ] s TRTRY 5" [ S 255

B o [EAR (BPR) AP IR TR [y & 552 ] [l R A%”Jr’?fr%

R o o] 53 TN e VRS AR VR Y e REHITR L o PN AR o IR T S

ERSR T AT R R IO o F 2 /IJL"tEﬁ B EIAE T EE

55 AP puaEil o [ A (57~ EIEG 22kDa) = ASFIET B (57 E

‘ﬁ%}ﬁ;g’l (single-subunit protein) - rﬁi\ﬁlgl}{j Fl A”‘ IR A IR BN A
PIBRGERC e T R A ST EET T ﬁ%ﬁ N S A ek 2 R ﬁ%ri

TR AR X R

EI 4% 44kDa) 157
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Table 2
Types of stationary phase | Fractionation range (MW, Da)
il <A P A SYEESR 1TSS 9 A i (53 BIE A Da)
G-10 <700
G-15 <1500
G-25 1,000-6,000
G-50 1,500-30,000
G-75 3,000-70,000
G-100 4,000-150,000
G-150 5,000-400,000
G-200 5,000-800,000

Q.3.7. (5 points)

Assume that the concentration of total proteins in the original solution is 1 mg/mL and the
activity of enzyme A is 0.5 units in 1-mL protein sample. The concentration of total proteins
after purification is 0.1 mg/mL and the activity of enzyme A is 1 unit in 1-mL protein sample.
Calculate the purification factor (times of purity improvement) of enzyme A. Write down your
answer on the answer sheet.

(B R AL TETRE EE 1 mg/mL - sk AGSIEED 05 [T/ mL - FER A R
AR A TR AT 0.1 mg/mL > TR AGEIEEL 1 A mL - it FTER A

¢ {“=" (purification factor) I 7¢i3% i@i%f‘ﬁ@’( iR i?ﬂﬁi—ﬁéﬁiﬁ‘%ﬁ& 'F‘{ii‘ﬁ“ﬁ_'— °
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