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Dear Participants =24 F2[AF,
® In this test, you have been given the following 3 tasks:
Task I: Protein electrophoresis (35 points)

Task I1: Protein quantification (30 points)

Task I11: Protein purification (35 points)
Of AldOM= Lk Ml ZX| atbM|Z7F o gL T
T | I B
m b 2: G
m N 3: G
® Check your Studen

A|ZsE7| Fof EHobX|o| SHM A E (student code) S EHQISGHA| 2.

£

HM718& (35%)
g (308)
HH (358)

Code on the Answer Sheet before starting the test.
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®  Write down your results and answers in the Answer Sheet. Answers written in the Question

Paper will not be evaluated.

Zitet B2 HoX|o Mo EHXo M2 ©@2 x{HsHx st

® Make sure that you have received all the materials listed for each task. If any of the listed items is

missing, raise your sign.

A2zt DA MAlE M=EE 25 BUASK| 2RASHA|R. stLtete Gl '#A|T(sign)S S0

M.

Use penonly. BtEA| EHIE AFSIAIL.

You should organize your work efficiently but ensure that you complete task Il early
enough to obtain the spectrophotometer readings to answer the questions that follow.
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®  Stop answering immediately after the end bell rings.

ELts E0| 22T FA| 2 AgS HFAIR

®  After test, enclose both the Answer sheets, Question paper, and Data printout in the provided

envelope. Our lab assistants will collect it promptly.
Al®o| ELIH HetX|, EHIX|, ZUEHES ZF LIF0 & S50 oA HAHxuIt 2 £

& AYHLL

A

® No paper or materials should be taken out of the laboratory.
Hd Sfezs BO|IL M=E 7HX|2 LE = giEUCh

Good Luck!!
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Shared instruments =& 7| 1t:

Camera 702}, spectrophotometer 2&2& =7, printer = 2| £

Equipments and Materials 7| % T &:

Equipments 7] F*:

10

11

12

13

14

15

Power supply M &332 %]
Electrophoresis tank (with gel and buffer) ™7|¥&&HX|(2ot 2584
Micropipettes P20 and P200 (B}0| 3 2I|Z! P20, P200)

80-well microcentrifuge tube rack (80-g OHO|ZZ&5E 2£0|)

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

(15-mL 22 FEEE FE)6 /M7t 20 Us HA A[FEHE0|)
4-way test tube rack (4-2fsF Al 20))

Plastic droppers in 15-mL centrifuge tubes

(15mL Ad 22 FEO| A8 E2tAE AZOIE)

Micropipette tips (for P20 and P200) (oto|3 =23 &, P20 X P200 &)
Timer (Eto|O)

96-well microplate (96-= OtO|3ZE2|0|E)

Marker pen & paper label (OrHH 5! Z0| 2pH)

600-mL beaker for waste disposal (*A2{|7| 4=7{& 600-mL H|0|#)
Scissors and ruler (7t2{2}t Xh

Double-sticker to attach the results (21X 242 st FHE 0| )

Student Code sticker (St 3ZE AE|F)

Quantity

al
oM

[EEN

1 each

1 each
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16 Tissue paper (Elt) 1

17 Mini centrifuge (if you need to spin down the samples in the 1

microcentrifuge tubes) DFO|ZZJAMEZ|7| (OIO|AZ2REE 0|83HM ARE

Ao 22 Zelt A= 89)
Materials 2] & : Quantity
1 Loading dye (microcentrifuge tube-L) (pink tube with orange label) 1
ZYHEOOIARRE-L) (LHUKX|M 2t 284 FE)
2 Pre-stained protein molecular weight marker (microcentrifuge tube-M) 1

(pink tube with orange label)

MEHGME TR BXE O OO[2A27E-M) (LEUXA 2tE] 34

3 Unknown pre-stained protein samples (microcentrifuge tubes-U1 and U2) 1

(pink tube with orange label)

A GME OjX|of HHHE Alz (Bt0|32FE-U1, U2)

4 CBG reagent in 50-mL centrifuge tube 1

(CBG A27} 22 50-mL ¥MEZE FE)

5 Bovine serum albumin (BSA) concentration standard (0.5 mg/mL) in 1
microcentrifuge tube (green tube with yellow label)
OO|A2R/E0 S0 A= BSA EESE (0.5 mg/mL) (=2HA 2HAS[ =AY

72)

6 Enzyme E in two microcentrifuge tubes: concentrations X and Y (green 1
tube with yellow label)

T 70 OO|RZREO S0 Ue 24 B sk X R v (M 2ol =M
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10

11

Distilled water (microcentrifuge tube-ddH>0O) (green tube with yellow
label)

S5 (OIO|AZ2R/E-ddH.0) (=2t 2t =M &

|z

)

Protein sample (microcentrifuge tube-C) (blue tube with blue label)

T AR (OIO|AZFE-C) (WhEhM 2tHo| Izt RE)

Anion exchange chromatography column on 15-mL centrifuge tube

vin
mjo
ojo

15mL AMEZE FEO o|lendt AZOtE Y ZHA

Anionic buffers Aand B (5 mL each in two separated 15-mL centrifuge
tubes) (green cap)

=0[2 gt AZ0IEOOE AS5EY A2t B (F 742 BE 15-mL

o

MEZE B2 s5mLY 59 U

gjo

) (54 E2)

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

FOMMNEF G-250(CBG) 8 1mL ¥ S0 A= 6702 15-mL AH=EE

FE (A1~A3 & B1-B3, 7tM )
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Task | (35 points) ZtA| 1 (35 &)
Protein electrophoresis (ZHE & M 7| F &)

Introduction A{2:

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 Ry is inversely proportional to the log of its molecular
weight.

Zoofa 00 E B HI|YS(PAGE2 THE A0 23] 2£0|= 7|O|C PAGE & MZ HE

TS HSIEO|L 27| SO wat E2|thh. PAGE 2| 252l SDS-PAGE oAM= HHAE FH7|FSS

ot7| ©of 222 o =tetEQl sbs & Hotetch CHEo| Zgst sbs o &2 THE 37(0
Hlyot22 2zt CheEol oty of EEel Hle o &8st JdeiM THE gol Hohe O

20l ZROHA|  BCE SDS-PAGE OAf EHHiEOl 0|50 s F& FRUS HHES

=
ZAFMW)OILE EH Aol M el o|sAHZ|R)= =7t Ol A2|of oigh THedEol o
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In the problem set, you will perform the following experiment:

of ZXE &7l ?lsH of2{=2 Ct3at #2 HHS StAl ELICH

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).

SDS-PAGE T7|¥& TX[0|l= Z2[Ot3AOIDE O] T A MIAF 2520 MAX
ALE Aol 9IF0 AM2E 2T 5 U= 10702 A|ZZ(well)O| AL AIZE ZESH7| ISHM P20

O[3 zmsint g2 MM THE AZE MFSIL AlZgel M 90 B =Y28A =0
o

oo[RzmE Eof A=z AM=RE VS 2O UWEH AR= SEHO| 2sh AlZF2 HHO| 7t2iots

Z0|CH™ 1).

2. If you need to practice, use the P20 micropipette with tip to withdraw 10 pL of loading dye
from microcentrifuge tube L (pink tube with orange label) on rack. Load the dye into wells 1 to
3or7to 10.

50| TRSHH p20 O0|AzHZC=z OOAZFE L(QHUXM 2tHS] 234 F

|T

)il A

ZUAZ 10uL & EO0HICH YEE 1~3 £ 7~10 H AZZ(wel)0| 2Ll AESS of 2L}

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 U1 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.

ORO[AZF/E M, U1, U2(QAXM 2tAo] 284 REHO= 242 15 pL SHHEE X Ot, 0]X|<|
THE U1, OJX|Q THEE U2 7t S0 QUCE OHO|R 2T p20 £ O|83HM 2442 {FEOA 10 ul

NS B0 Lol O3 10 LIEH Hiet 20 A|2F 4~6 0 ZETHCY.
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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.

Az 2YE OHX|EH SA| |BAE(sign)S EAR) 24X UIt MI|FSEXE T AZs ots

200V 2 TYS HFOE AOICL 25 22 TI|FSCE dH=U7 A2 2 = AEE EO|HE

2384 & AOo|Ct

5. After finishing electrophoresis, , 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).

H71EE= O[S, BAE(sign)2 EAL) dxu7 WI7[Fs ZAE iAoty 2s & AOILf

0;

re
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oot
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HHS X2 T Mo SHMIAE(student code) 2E|HE B
o

= =
E ZAO|Ch YHHOIZZ ATE X0 &QICh5 H).

—
]
X
—
©
=

Protein U1l
Protein U2

Figure 1

- Marker : THE 2XpEF OFA

- Protein Ul: O|X|9| Ciet=l

- Protein U2: O|X|9| Ciet=l
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Answer the following questions:

Che =300 EotA 2.

Q.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.
8 2 = SDS-PAGE & AZRIOICH HM7|HS Al&fE(Start point)df E=E O] (Dye-front)0| H7|E| O

UCH Aol ol Zof| F5(+=)2 AEOF 7 XM X EAIE SHAL.

j ° +— Start point
A=

+

Fa

-
Dye-front ——» Ss——
gz ol

Figure 2

oL
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Q.1.2. (8 points) Based on the information provided in Figure 2, plot a graph of molecular weight

values of the five marker proteins versus their relative migration-Rs values on the graph paper
provided 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.

a8 2 o YEO| 2750, Tt T2 O tHEEol HoiH 0|32l Rf ¢t =Xl AE
defzz O2lA. HetX|of HEE dsfz X[ AHE%tth4 ). 2= & 0[83t0] ol 2ol A2t

B O LtEtH CHEO| XIS FYoIA14 H). E2 BetAol HeCt

0Q.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.

TALEO| 246 kDa ¢ Of= CHE =otd|= o2 7ol ACHRINZE HSREgES=z ZYE O UL
SDS-PAGE M7|¥& Zut, 57 kDa It 33 kDa o & &

=
=
S3HOIE 57kDalt 33kDa AEHRIZH 242t A WY EBE|O] USTN? HOHX

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.
ofoj=4t TH7|o] Hat ZXAE2 CHEF 110 dalton O[CF 33 kDa THME AFHR{X[0l= & 7H| OFD| =440

ZotE[Of AST EHOHXO HE HoAL.

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.
FEYUQEES Hg EXHHO0| 330 dalton O[2t StAt. QIEZD}

OR¥

Z3

rin

2 HQIStUS [, 33-kDa

1= Z0reivhe EeHXo B©E

B
&
A
fjo

bal

A 33t5t= O|FLHM DNA(sDNA)2F 33-kDa THEE 9|

Ml

il
|0
=
to

10
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0Q.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.

T E p = THEE Q(ZAME=1000 daltons)0il Zgtd == ACE F CHHEOl At OfR = 2-0|H%
£ M & (gel-mobility shift assay)2Z & == RJUCE 200 pmol THEHE p E MZ CHE Q9| CHHMA Q(0~500
ng)2t SLSIRALCE Ol =AUS ow(whv) Z2|0FZZ(OtO=HoM Z2[5tCt e FONEF

gE= gMs Ao O™ 3 of LIEFLHICH CHE p oot @ EXAtol ZT B H|(molar ratio)S

Protein Q (ng) 0 100 200 300 400 500
Proteins P+ Q —p» e —
Protein P —p| - - - .
Figure

Protein ; THe#Zl

11



IBO - 2011

TAIWAN

PRACTICALTEST 1
BIOCHEMISTRY AND CELL BIOLOGY

Task 11 (30 Points) 2HA| 2 (30 &)

Protein quantification THEHZ! &k

Introduction M2

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.

FOMMESR G-250(CBG)= THHAEZ MY =+ U= FMefo|Ch FOMNERS M2 pH Of et
EEtZInh HdE8HUM= F2EMO0
HUX 54 242 M3st22 cBG 7t CH AN ZStH 595 nm LY S =2 4510 &
LIEFACEH O B2 o THMAO| A|Z0| ZotE|of U™, O B2 CBG 7t CHMZO| Zgdg AOo|Ch
JA =M o Zoh FEMO| LIEtLEA ok F2] Z5HH, 595 nm M2 SE == AR S0U=

THUTO o HICL OF BIELE AR} YOt FEMS WEIE YN HHI)

12
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In the problem set, you will perform the following experiment:

of ZXE &7l ?lsH of{E2 Ct3at #2 HHS StAl ELICH

1. To make BSA concentration standards (Table 1), add 0, 2, 4, 6, 8 and 10 uL 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).

BSA EX 5L E HE7| QH(E 1), 0.5 mg/mL BSA(SM) 0, 2, 4, 6, 8, 10 uL XS O0|AZE20|E
ANEZ(well) A1~A6 O 2tZ HItoICH O™ 4). BHEAHEE QI6t0] £ 22 49| BSA & AMES
B1~B6 O ZtZf Ftotct 2
ALESHA ol IFEE Ht=E" £ Uth 4 A|EZ2l BSA A2 xF FO7t 10 uL O EHEE

O] HHAON H+E SIRUCIH, A|EZ A7-A12 2 B7-B12 £

MY H,0 & HIISHCHE 1).

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

change.
AlE2Z Al~A6 I B1~-B6 O CBG 8 200uL M= 22t HMIISHCH EAMAEA 430 M BSLE
ZHESHO

3. To determine the two concentrations X and Y of enzyme E, add various amounts (2, 4, 6, 8 and
10 uL) of enzyme E (green color) in duplicate to empty wells and bring up the volume to 10
uL with H20.

ME CHE sE9| 84 E 7t ZgE % X o 8 v of tHA s 5 AT {5, M2 CHE

=H(2, 4, 6,8 10 ul)2 2L EEM)7 ZeE X X 2t Y £ Z4Z 8 Azg0 d=Ch 849

2 2
HE 207t 10uL O] ==F Zro| Al2g0| HEE H,0 & ®7etrht

4. Add 200 uL of CBG reagent per well to the diluted enzyme E. Mix and observe the color
change.
SIME B4 E 7 E0Ues 44 A|RZ20| CBG & 200 uL £ TItotCh ZAYAEA A0l A

BiotS EHESICL

13
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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.

HEA|TH(sign)2 EA|L.

=x3ict s

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

2z SOt7tA JHHOIZZ 21 Ao =2l

Al
=2

El

RS

Al

9l

|.|-|

oo
==

=0

=)

A

At=0f OtAHEI2Z SHY A E(student code) S

Table 1

MLrf,

R

EAE Ol8, 595 nm OM Az SEEE

Well of a microplate (OfO| A2 EH|0|E AR E)

Materials ("} &) Al&Bl| A2&B2 | A3&B3 | A& 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)
(BIME BSA &&E(mg/mL))

1T 2 3 4 5 4 B9 10 11 12

00000
<<
00000
C
®

<
00
00

*
®
X

¢S
'®
0.
000
'®
®

<<
000
000

000

*

e

'®
®

RS
X
RS
EXE:
X
YEXE:
X
(X
<<
000
000
=<
00
0

<<
0000
0000

<<
100000
100000

00006

Figure 4

14
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Answer the following questions:

CtE =30 EstML.

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).

Z Al=@0 un)ol =9 U= BSA s=E ALStn HEXO A= E(@Q211. 5 H)el €S
HEAL, O] 4= 0|83 BSA s=(X )0 Cist HtE M BSA

HESE

B[

Mg EOHX| A= 8X|(Q2.1.1.2,5 F)0 AZ|AlL.

Q.2.2. (12 points) Choose the best sample solution of diluted solutions X and Y within the

range of BSA standard curve and fill in the table on the answer sheet.

BSA BEEsE 49| #el 20 07t M E Y xof 8% v & MEstD, A= 22 FI|

ot
o

=S EOHX|ol O HoAlR,

#g

0Q.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

A

—

%ol PN M HXo| AE8AUS 272, BSA EESE

B[

0|88iA &2 E 7t

mjo

15
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Task 111 (35 points) 2tA| 3 (35 &)
Protein purification THE{Z& HX|

Introduction M2

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).

ZY A=z=0tEOejol= A FHo| 22| AF8EICE 0] ZE2 AEE (0|54, mobile phase)O|

S ZY CHEH AT(HRIA, sationary phase)S M WECH S2/stnA} Sfe CHHE 8oe

0

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.

Ol2ugt AzOEIO= FOF pH M M=z CHE TS = HHEES 25t b

MEECE S0l2ugh SRO0EDIN SHHE © THE2 SHSHE T FR Lo 2ot

16
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In the problem set, you will perform the following experiment (5 points):

of ZHE &7l ?lsH of2{=2 Ct3at #2 HHS Sl ELICHE ).

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

marker pen.

ol 7Hel 15-mL HHEE& FE(E FE)0f OHHESZ 242 al~a3 & b1~b3 2t E7|TIC,

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.

=02 uweX| AZ0rEdT) ZHE AT 6A)2 7HHAM otzf F2o| OHE i, S0 o[

gofo| ygalg Fu ooz ZUEA Tk 8ol £97t 23 YBH EEts

Withdraw 200 pL 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).

P200 OIO|ZZH|HC 2 DIO|A2R/E C(UZtA 2ol HmetM JE)O|A CHEE 2 200 uL £

orZ Hof 4% A ot =AAEA

—

2Ol AlZ7t S0 U= Oo[2zuA EEs ZHES

I8

HHs| Al2E ZEHO| =LA 6B).

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).

ZEo| otz DIZHE i THMA ZHO| SLIA o CH3, ZEES AdE2l8 FE ay(=
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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.

HYEEE FE al-a3(=2 FZ)0 =AU 22 & 1 mL o FZA g

A
T d

mjo
rot

ek 2§20

o
-3 FEHS =M=z L=Ct

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).
ZEOM 8AHO| 2tHS| wMLE W7HX| Z|thEl = HES AYEEE RE = FE)E
sk S2tAE AXO|ER 0|2 258Y (=M F4) 3 mL 2 BOM 2XO0|E £ ZHE

Ho| M OfD HRIY 7Y AR 8US W

7. Collect ~1 mL eluent in centrifuge tubes b1 to b3 (yellow cap) sequentially. It takes about 2 to
3 minutes for each tube.

ANEEG §E bl-b3(=Y )0l 2MUE 242 -1 mL o FHUZ S+ 2 S0

8. Withdraw 50 uL 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 I1) reagent in tubes Al to A3 & B1 to B3 will turn blue when it
reacts with the eluted protein.

EH al~a3 U bl~b3(cZ FAH)N FEAS
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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 for Q.3.1.1. and Q.3.1.2.
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Anion chromatography
column

Figure 6

- Anion chromatography column : 0|2 A =20tEdz2in| AH
- Gel matrix: & 7|

- Plug: op4

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).
7HE TSHA Mol Bk REE Z2t EOX[(Q.3.1.1.5 F)0 X E SHAR. 2AEFEW A = B FOA

Ol 8= Of THE F2of ALY =+ AWE7P HEX(Q3.12.2F)H X EE SHAL.
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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.

224 A £ BUEO FHMHez 1=2H SIEEN A= HHAOILL 2 A § 302 ung
SZO0tEJToM S0l2 s8=7F 52 2E5EYS , B4 A s O gAoR

SIME|O] AS7M? THEOIM S EeHX|of X HE Al
(A) High negative net charges &% &
(B) Low negative net charges & S7H35t7
(C) Zero net charge LW MSHE K| AZ
(D) Low positive net charges LW LTSI S

(E) High positive net charges ~ &%& ¥7HsI7t =8

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.

MZ CHE oth|=42 R 7|57|(BAHE)Q ot £40| M=z ct=rt a8 7 2 4 79 Mz HHE
A

AH  H}
=1 =

otdjkett A, B, C, D 7F pH 7.2 O|A =2 LtEtLE oI HEE 2031 U2 s

BAFES LIEHHCE O3 72| otdjedt 7420 0= 20| 2 A0 O BO| EXSHA =t HetX|

AN —

rlot
ro

rlo

=2

X B7|E SHA2.

NH,*
O\f .10 CHZ
e ¢’ CH,
= CH, CH, OH
CH, CH CH CH
(o] 2 40 2 0 2. 0
L s i I e
Hi*—C—C{ H3N’—(|':—C< N —c—c{ HN—C—C{
H O WO Woo noo
(A) (B) (©) (D)
Figure 7
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Q.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 (NH4)2SO4, 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.

2 H2AE AZ0EINTCE O|8SHH CHEAEZS 4Ad FHEo o2t 2218 = ALk o
Az0teEdejnz THHAS 2257 fdiMe, HHE ARE BN ZULEE(NH,),S0, ot €2
ol D=2 HoE ASEAUCEZ MI|otct PR CHEME HUOAM & EXHE HAHSHO
AN HQJ} CHEA J
ZEo| FRgo o ZotA SEEC. go s=7t thEED FHXY Aole] Ay HDH

=2
= -1 O
dg= 01X|7| W=o, M= Cf go| 57t M=z CHE 2580 o3 22|50 =&

ri
n
=
Jal
r|o

S QICh B EA A JF Y 2442 JHXD UCHR, of IROIEIHE 0o Bh A B
2

CtE CHEEZRH 22(517] fsf o b5 88 S MOF et HeHX|o X #E SHA2.
(A) Low-salt buffer X g 2t=8H

(B) High-salt buffer 1 2t=g8H
(C) Buffer without salt F0| Zgtz|X| b2 25
(D) Low-salt buffer first then high-salt buffer X & 258U BN A0 LIF0 0 #E58H A&

(E) High-salt buffer first then low-salt buffer 1&g 2t58HZ HA M1 LIF0 HE 25 EH ALE

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.
24 AZL 2% A=gOo[2tH, A7 72| ot0|it & O of0|:-£t0] T4 XOf 7HE ROl EXjEt?

EetX|Of X B#E SHAIR.
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0Q.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.

o1t A Z20fE 2O CHEHA
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SHA| 2.,

Table 2
Types of stationary phase | Fractionation range (MW, Da)
(BRI 7129 BF/) (=2 ")
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
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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.

0z

el 8HUCEH O|F)e| & THMAE SE= 1mg/mLOld 24 A2l BHE2 1-mL ¥E & 05units2t2

0=
e

CH CHO}

o
JPoHAL HHES YA = 5¥et & HHE 5= 01 mg/mL 0|1 24 A 9 EE2 1-mL
I- I:I% H =

>

fo
=

S 1 unit ZE[ACLD otCh 22 A o FHHIE(=E7t HHE His)S A LS |

MA|Q.
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