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DEAR PARTICIPANTS, 2 £ 3

This exam consists of three experiments:

I8 i 2 k4 =108 2

Experiment 1: Expression, purification and characterization of proteins (40 points)
B — B VR R BLA LA M40 43

Experiment 2: Antioxidant activity of coffee extract (30 points)

B B R A B AT (30 7))

Experiment 3: Lactic acid fermentation (30 points)

B = IR SR (3070)

Please note the following:y3: & % JH

Please remember to write your Country and Student code in the given box

A AL A AE RS AR RS R AR B SR T4 5.

Write your answers in the separate Answer Sheet. Only the answers given in the Answer Sheet will

be evaluated.

B MREREANFRE RGP,

REBEEREGTHERT 8.

Make sure that you have received all the materials and equipment listed. If any of these items are missing,
please raise the Red card immediately.

T BB H AR AN S5 A 2 15 75 4, 1 SR kA AR SR 00, 5 S 2 SRR AL R )

During experiments, ensure to handle equipment properly. Any spilled solutions or broken equipment will
not be replenished.

BT TP R 2 A AR AR AT R (09 VORI R BB #5 5# AS A 7.

Gel electrophoresis in Experiment 1 must not be performed in the last 30 minutes. You are recommended
to do Experiment 1 first.

ANEEAE B A8 3077 8 A4 1A 0 B — W VK B B, AR AR S A B B — B An R Ak

Ensure to obtain spectrophotometer readings to answer the questions in Experiment 2.

it & 5= 2D/ e Cust BRE AR, LA (58 1025 8 o — A AR

Stop answering and put down your pen immediately when the bell rings at the end of the exam. Enclose
the Question Paper, Answer Sheet, and Data printout in the provided envelope.

BB I A AR 5 LT B AR R R H A A S AN B B H B B O TN AR
No paper, materials or equipment should be taken out of the laboratory.

i IR AR RO ARER AR B3 44 71 7 .

Materials & Equipment



Equipment and Materials for 3 experiments

= {1 B B Y A1 A A R
Name Quantity
{ZL0 s
Micropipette P1000 (100-1000 pul) 1 piece
WEERE (P1000) —3
Micropipette P200 (20 — 200 pl) 1 piece
TR (P200) —X
Micropipette P20 (2 — 20 pl) 1 piece
TR IE (P20) —X
Pipette tips for micropipette P1000 1 box
W 3 22 (P1000) —&
Pipette tips for micropipette P20 and P200 1 box
W & 2R (P20 F1P200) —&
Deionized water (dH,0) 1 bottle
ZRETK —
Microcentrifuge rack 1 piece
TR RO —f
Round plastic container for liquid waste (Liquid waste) 1 piece
(B i 70 98 I8 o A (VAR ) — 1l
Square plastic container for solid waste (Solid waste) 1 piece
32 I ] 3 A (SCER [ 15 st 32 )) — 1
Timer 1 piece
LES —{lé
Gloves 1 pair
TE& — 8

. 1 box
Tissue paper PN
[Iais &
Glue 1 tube
K — &
Labels of student code 5 pieces
TR 55k
Red card 1 piece
ALER —ER
Green card 1 piece
wRt R A R
Calculatorit 5% l—pgce
Marker 1 piece
HEED TEIEE —E
Goggles 1 piece
Gk —{H




For Experiment 1

B — A
Name Quantity
Y R
SDS-PAGE electrophoresis gel tank and power supply 1 set
SDS-PAGE ‘& Uk M Al T Y {1t JE 4% —#
Gel comb 1 piece
GRS — 1A
Gel container (with student code) 1 piece
T VKB A (1R T4 557) —{A
Microcentrifuge tubes 1.5mL 10 piece
RO 1.5mL 10{H
Polyacrylamide gel cassette assembled in the electrophoresis gel tank 1 piece
Polyacrylamide T Ik Fr 1< [ 4 H0 72 5 UK AE N —{A
Magenta microcentrifuge tube with 2X SDS-PAGE loading buffer (Buffer) 1 piece
#452X SDS-PAGE loading buffer(Buffer) )4 &T (4Bl 0 —E
Yellow microcentrifuge tube with protein marker (M) 1 piece
#5H protein marker(M)FY 35 (A B O "
Microcentrifuge tube with BL21 cells without IPTG (NO_IPTG) 1 piece
BlE0 N 4EA R TPTGH) BL2IFJZ(NO_IPTG) —
Microcentrifuge tube with BL21 cells with IPTG (IPTG) 1 piece
PO N4 B A IPTGHYBL2 LAY —E
Microcentrifuge tube with pellet of cell extract obtained from centrifugation of homogenized BL21 1 i
cells with IPTG (Pellet) ' piecee
BlE LV TN A TPTG i BRI AOBL2 1AM 4 45 B A0 A% FRAS Bl O O A M 2 BTV (Pellet ) 5
Microcentrifuge tube with supernatant of cell extract obtained from centrifugation of homogenized
BL21 cell with IPTG (Super) 1 piece
Bll Lo N2 TPTG i L (1B L2 1A R ACE 25 B A A% PGS B o O A MO A% XL 3759 (Super) —
Microcentrifuge tube with purified proteins (Puri-P) 1 piece
PlE-CE T S AL Y B B (Puri-P) —E
Falcon tube (green cap) with 30 mL of SDS-PAGE staining solution (STAIN) 1 piece
Sk (025 T Bl 08 464730 mL (1) SDS-PAGE %49k —E
For Experiment 2 £ fiii 2
Name % i gyu;ntlty
==
96-well microplate with student code (do not touch the bottom of the plate) 1 piece
96fLiE iR, P RS AU (2 il SRR A ) 1
Blue microcentrifuge tube with 300 ul of 1 mg/mL ascorbic acid solution (AA) 1 piece
B OO (AA), A 1 mg/mL HUIRIMER 300 pl 15
Blue microcentrifuge tube with 300 pl of 5 mg/mL coftee extract (CC) 1 piece
B EMEROE(CC), #F S mg/mL PIHEAEEUE 300 pl 1%
Brown bottle with 15 mL of 0.2 mM DPPH solution (DPPH) 1 piece
FREI(DPPH), %45 0.2 mM DPPH &¥#{ 15 mL ik




For Experiment 3 # i 3

Name 4 & %{u;ntity
==
Burette containing 25 mL of 0.1M NaOH solution with a stand and a clamp 1 set
i 2 B BSOS T, 2T 0.1M NaOHF R 25 mL 141
Magnetic stirrer 1 piece
R LI A 11
Stirring bar 1 piece
fFF e 11l
Forceps i {ece
Measuring cylinder (10 mL) 1 piece
10 mL & 114
Measuring cylinder (25 mL) 1 piece
25 mL &1 114
Beakers (100 mL) 8 piece
100 mL BE# 8 fI
Hanna portable pH meter and a screw driver 1 piece
e pHEE, A—EIRRE T —A
Rinsing water bottle (H,0) 1 piece
JKGEN (H20) — 1A
Bottle with pH 4.01 buffer (pH4.01) 1 piece
pH 4.01 #Z & (pH4.01) B
Bottle with pH 7.01 buffer (pH 7.01) 1 piece
pH 7.01 4Z1& W (pH7.01) ik
Falcon tubes with 15-30 mL supernatant of culture broth (samples A0, A2, A3 and AS) 4 piece
HELEHE 0T 15-30 mLE_ EIEBEEA (A0 A2, A3, AS5), 4




EXPERIMENT 1. EXPRESSION, PURIFICATION AND
CHARACTERIZATION OF PROTEINS (40 POINTS).
T RAEMRI, At

Introduction 4144

H and B proteins are two important proteins of Aeromonas hydrophilas. To study them, a scientist wanted to co-
express them in E. coli. For this, gene b was cloned into multiple cloning site 1 (MCS-1) and gene h in MCS-2
of expression vector pl (Fig.1.1). The obtained p1-b-h vector was transformed into E. coli and protein
expression was induced by IPTG (isopropyl B-D-1-thiogalactopyranoside). The proteins were then purified by
affinity chromatography, by which a protein containing 6xHis-tag binds to the nickel column. Expression and
purification were finally evaluated by SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel electrophoresis),
a method for separation of proteins based on their molecular weight. Note that H is smaller than B.

H 1 B & [ /& Aeromonas hydrophilas & g A W A8 55220 85 1 &, 4 1 F 98 B ), — 22234 REELAE E. coli.
A P ] R 2 23S b AR 2 1, A b, iR b A AR B M N R B S p 1 IMCS- 138 5 o7 v shoRk D] R g8 7 1
Ap1HEEFIMCS-2 I AL (Figl. 1). FH#E Ml B AHIB 4% 1) R B E A8 p1-b-h BH5EHIEAE. coli A, 3641
H IPTG (isopropyl p-D-1-thiogalactopyranoside) 25 5 d [ I .42 T AR F U 7 (1) Jg Mridistifb g
Se R L LA R B P A b 5 BV S o AH 2 R A R ( 6xHis-tag) A] BLER & M (nickel column)f
A, 18 LRSI I B 3 Fe A% A8 SDS-PAGE 7& ik 70 A, e S B2 A AN [R] £ 708 AORE 3 5 70 Bl (2
s EHEEK > T ERBEE /D,



Fig.1.1. Overview map of plasmid p1 expression vector
R DU S p 110 J5 R [
(ori: origin, rop: repressor of primer, AmpR: ampicillin resistant)

(ori: ERGEAGEL, rop: 517 AUFMHI E A 2K, AmpR: HTHTER ampicillin £ [X])
A single colony of E. coli containing p1-b-h vector was cultured in 50 mL of LB medium. The culture was
grown at 37°C until the OD600 reached 0.6. In order to analyze the expression and purification of the
recombinant proteins, the scientist has collected the following cell and protein samples:
— {8 & A A AR 1R B ERE p1-b-h vector FTHL—IE. coli aIva#PkIZE 2 IR L TR V& P B A T B
£ 50 mL ) LB 5533 i1 8 37°C T35 3¢ M IR L F] OD600 WOGAEIE 0.6,4 1 5 0 Hrig L HAH R
FE R BRANAEAL 38 A0S Wk 1 LT A AT 2 3 B AR

e NO _IPTG. One mililiter of the culture was transferred to a — tube, grown at 20°C for 16 hours (ODgg =
2.4) and then centrifuged. The supernatant was discarded and the cell pellet was resuspended in 50 pl
H,0 and then mixed with 50 pl 2X SDS-PAGE loading buffer to yield 100 pl sample.

NO_IPTG. # 1 mL WA 35 2B AER alf) B0 (a-tube) H,7E 20°C T 53T 16 /NRFRE FEIE R
ODygoq = 2.4,fF A VIRIE-C (8 . E I VAR JRE A MLTIR P [ 11 SO pl HpO #1550 pl £ 2X SDS-
PAGE loading buffer Ji& & 1%, AE/SF AR HERE A5 100 pl FUERA

In the remaining 49 mL culture, protein expression was induced by adding IPTG. The culture was further
grown at 20°C for 16 hours.
T 49 mL A R 520 ] AEEATIPTG WA S8 B, R A Ta U 3R B B 1 B B A R T A 4 AE 20°C T
i 16 7N
e [PTG: One milliliter of the culture with IPTG (ODg = 1.4) was centrifuged. The supernatant was
discarded and the cell pellet was resuspended in 50 pl H,O and then mixed with 50 pl of 2X SDS-PAGE
loading buffer to yield 100 pul sample.
IPTG:jff 1 mL 4§ IPTG g #LIR )3 41 75 20 8 (ODgoo = 1.4 )lE Lo, (B35 LI AR i A AL DA 11 i
A 50 ul HyO 1, FEi 50 pl ) 2X SDS-PAGE loading buffer J& &1, LAJE 1S 4888 FE 4 100 pl A



The remaining 48 ml culture was centrifuged, the supernatant was discarded and the cell pellet resuspended into
2 mL of nickel binding buffer. The cell suspension was lysed and subsequently centrifuged. Both pellet and
supernatant were collected.

T 1Y) 48 mL 1A R 35 T W Al O, (3P TR R A TR A0 (R0 72 2 mL [ nickel binding buffer 7,
5 AL A L 7 VR T 2R B A2 n DA O v B2 IO OB AR L 7 VR = WA AR

e Pellet: The pellet obtained from the IPTG-cell lysate was resuspended into 2 mL buffer and then mixed
with 2 mL of 2X SDS-PAGE loading buffer (pellet stock solution).

Pellet 5 IPTG Jiz it A i SR AR VAL BfE o2 P 488 45 O A BT IR, [ ¥ 72 2 mL buffer Hfv F82 2
mL [¥] 2X SDS-PAGE loading buffer & &%, LA J# 15 pellet stock solution.

e Super: 10 pl of supernatant obtained from IPTG-cell
lysate was mixed with 10 pl of 2X SDS-PAGE loading buffer
Super:HU IPTG Jiz HH it 11 A it R A v 48 Bl Co A2 BT A 751 B35 10 ul B2 10 pl 1 2X SDS-PAGE
loading buffer J& & .

e Puri-P: The rest of the supernatant was loaded onto the nickel column for protein purification. The

purified proteins were eluted from the column using 2 mL elution buffer.10 pl of purified protein was
mixed with 10 pl of 2X SDS-PAGE loading buffer.

Puri-P: K3 1 3B MR N SR #E (nickel column) HH i 47 85 1 & 414k, FH 2 mL (1 elution buffer #f
A E B BE L PR 10 pl B4 E B 10 pl 1) 2X SDS-PAGE loading buffer JR &

All samples for SDS-PAGE analysis were boiled at100°C for 5 min.
T 24T SDS-PAGE 73 T HUERAS A 100°C FFNEY 5 min.

Design your SDS-PAGE experiment to analyze protein expression.
it VR HSDS-PAGE B figi LA 73 B 8 R B

The standard final concentration of total protein for SDS-PAGE analysis must be equal to 5x10° cells/
ul. At first, calculate the concentration of cells in each sample, knowing that ODg( value of 1 corresponds to
8x10® cells/mL and take into consideration the dilution of each sample during the procedure.
HIEAT SDS-PAGE 737 1430 A 1 B 1) Sie 43R YR R P A0 ZER 8 17 Sx 100 400 B8 A0 A/, 7 g, it S5 A ok
A A E B RO E ODggo=1 AH & 1A 8x108 cells/mL, 78 B B Fe t 554 3 2 A Al A [R1 68 5 1 s g

Q.1.1 (6 POINTS)
M. 1.1(6% )

Calculate and fill the volume (ul) of samples in the table in the Answer Sheet. Use one decimal
place.

A PRGN 2 2258 T ASR IR A R AR (u]) B0 BRI 1R —fir.

Procedures



1. ased on the table above, prepare all SDS-PAGE samples in empty microcentrifuge tubes provided. Mix
each sample by pipetting up and down 4-5 times.
R4 LR T 5 HE4T SDS-PAGE 73 M BB A TR &5 75 25 AU B O b M IR 5 4-50K.

After completing this step please raise the Green card. An assistant will guide you to the loading area and
help to stick your student code to the gel tank..

VR TE S D BRI 55 BT Ak 0 P A7 — 0 BB 5] S5 4% £ loading area, M0 #7388 -4 55 26 L A 78
KA L.

2. Load 20 pl of each sample on SDS-PAGE gel. Samples must be loaded in order from tube 1 to 6. To load
a sample, use the P20 micropipette with tip to withdraw 20 pl of a sample, and carefully place the tip on
the top of the well (Fig.1.2).

BRI AL 20 pl 7 ASDS-PAGE B IK B v o, Go i AR IR B0 1 2 6 BNEFTEABRA, 551661
P20 il SR A IR HUAS 20 pl, 757N Co M IR 8 A BN B weell O TH i (J1.1.2).

Fig.1.2. Sample loading on SDS gel

3. The assistant will run the SDS-PAGE for 20 min and tell you to set your timer for 20 min.
By 4T SDS-PAGE &K 20 min, H. %5 S /0K i 5% € 75 20 mind.

You can do another experiment while running SDS-PAGE. After 20 min, please raise the Green card to
inform an assistant to return the SDS-PAGE gel to you.
H SDS-PAGE ‘& VK B B AT IRe ., VR T DABRAE FLAth B B, — 7 842 5 B tE Ak O v o B BRSO
(¥] SDS-PAGE Ji2 7 B [l

4. Remove the SDS-PAGE gel from the plastic cassette using the gel comb as in the diagram below
(Fig.1.3.) and put the gel into the gel container.
%ﬁﬁ U [ s R L 7E S8 B R [ U AR SDS-PAGE JB F K B JUE A B F %% 85 (gel container)



Step 1 - > Step 2
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=

Fig.1.3. Remove the SDS-PAGE gel from the plastic cassette
[ 1.3 ¢ 2B R [ A BT SDS-PAGE JB v
Step 1. Crack open cassette sides by inserting the comb's slanted edge into each of the notches around the
cassette and twisting firmly. Starting with the notches at the top, move down each side of the cassette.
AP BB SR e AR T FX) 2 i 0S5 i N 28 B [ D e A8 T A, S 6 ] e e o, v el o A1) 1) 28 B R TR
NECFY 2 A€ by 181 5 ) e R TR B 32— 43 T B A (AN [ step 1).
Step 2. After the sides are open, place the comb’s slanted edge at a 45-degree angle between the plates at each
bottom corner and twist firmly.

BRI TR R AR B AR e A AR T P 2 ity 38 57 A4S A 478 N I JRJE 38 7 ¥ 1A TUT1T, 12 LR ] s e
L (fn i step 2)

Step 3. Gently separate the two pieces of the cassettes.
A BR = 18 by B SRS B R [
5. Add 40 mL of staining solution (STAIN) into the gel container and rock on the rocker for 10 min.
5 40 mL ZEAISTAIN)IIAJE Fr 25 4 b FE B 8 s _EHE8) 10 min.,

6. Discard the staining solution from the gel container and rinse the gel 3 times using deionized water.

045 o s AR R R P 25 Bl /KR B = 2.

When finished, raise the Green card to ask an assistant to take photo of the gel.

SERNAR, R AR R P RE BB R TR A AT,

Q.1.2. SDS-PAGE RESULT (10 POINTS)
[M178.1.2.SDS-PAGE %55 (10 43)

After obtaining the photo of SDS-PAGE gel, stick it to the place given in the Answer Sheet.
SRR A8 5 R R TG 72 2 S A8 HOREAE .

Q.1.3 (4 POINTS)
FE.1.3(4 47)

Based on the information provided in Fig.1.4A below, plot the molecular weight of at least five marker proteins
versus their relative migration-Rf values on the graph paper provided in the Answer Sheet. (Rf: distance
migrated by protein/distance migrated by dye front)

ARAE T . 1 AA PR ML BRI AE 2 SR 46 10 U i R A b 25t 22 /0 1M R B B 701 B 4547 ( marker
proteins) ¥ 7 & Bl " # B)-RE(E 1) B AR [E.(RE: 25 A% 8 (1 R B/ 7 loading dye s Bl H Bl )



Q.1.4. (4 POINTS)
[ .1.4.(4 4%)

Use the graph from Q.1.3 and the SDS-PAGE gel to estimate the molecular mass of H and B proteins.
A 1.3 (@A SDS-PAGE & F & R A5 tH H A1 B E H 70 T &

R

Q.1.5 (4 POINTS)
F7E.1.5(4 47)

Based on the SDS-PAGE result, indicate if each of the following statements is true or false.
Mark “\” for True or False statements in the Answer Sheet.
{4 SDS-PAGE 1155 52 HIBT T 5 AUR T4 IERESUSE R WA R 14T <V,
A H protein is over expressed in LB media with IPTG.
TEMA IPTG BRI ) LBR e B R AR R,
B B protein is completely soluble in the nickel binding buffer.
B 5 [ ] 5E & A #AE nickel binding buffert.
C H and B protein interact with each other.
H AN B & H Ut WA 2 EAEH.

D Majority of recombinant proteins was bound to the nickel column.

KZ B E A0 2 1 ] B A (nickel column)f &



Q.1.6. (4 POINTS)
[F/E1.6.(4 77)

Based on detailed restriction map of the pl expression vector (Fig.1.5), indicate if each of the following
statements is True or False. Mark “\” for True or False statements in the Answer Sheet.

A4 1 2 SR A A R A Al D11 8 B (1. 1.5.) BT 510 RO o0 2 IEREERES R, AR 54 14T V>

Fig.1.5. Detailed restriction map of pl expression vector (RBS: ribosome binding site)
[l 1.5. p1 I R 0 5 A IR o) Bl D7) Bt 1) ) 5 (RBS: A BB RS A% & 4 )
R
A Sall and BamHI can be used to insert b gene into MCS-1.
BRI 2 Sall Al BamHI RJ I b ZEASESHIE A MCS-171.
B Gene h and b should be cloned in the same orientation to be expressed simultaneously.
h B[R B b 5 PR R LU [ 0 7 ) g s e e N e, 4 e IR R R 3R AR A

C Gene h and b should be in the same reading frame to be expressed simultaneously.

h HE AR b HE A2 8 A R R R A, 4 e Rl R R B R

D To maintain the plasmid, ampicillin should be added to the culture medium.

&y 1 DR B AR PSR AR AR (1 B, DU R ampicillin RPN 2k

In order to characterize the oligomeric states of H and B proteins, 3 protein samples were prepared: (1) H
protein; (2) H and B proteins obtained from the above experiment; (3) B protein. Samples 1 and 2 were
transparent but in sample 3 most of the protein was precipitated. Samples 1 and 2 were then loaded on a gel-
filtration column. The obtained profiles are shown in Fig.1.6A. The sizes of reference molecule on a gel-
filtration column are shown in Fig.1.6B.

& VT TR H O B AR EREE, LU =R B B BA S R (DH HE ;. Q) LR E R
HAIBEMA: Q)BEM. 4 RBUREA | AU 2 #R2 IS IR HERAS 3 K34 1 (VAN N
Ao DA HARAST FIERAS 2 VEN IS -160 8 H 8 A b S A 45 2 48 SR an . 1.6 A o, [ 1.6B
HIT. F. A. O. CA M R 2y A F 7> TR E M2 HEAY.



60+ Sample 242 Sample 1457451
50+ Ta “

401
301
201
101

3 40 50 60 70 80 90 100
V0 = void volume VO = F&H)IAR 7K 18 7%
T = Thyroglobulin (660 kDa)
F = Ferritin (440 kDa)
A = Aldolase (158 kDa)
O = Ovalbumin (44kDa)
CA = Carbonic Anhydrase (29kDa)
R = Ribonuclease A (13.7kDa)

250 -
200 -
150 4
100+

Absorbance at 280 nm (mAU) 280 nm HJT % {H (mAU)
8

20 30 40 50 60 70 80 90 100
Retention time (min) B & K [

Fig.1.6. Gel filtration analysis of H and B proteins
[i].1.68, H Al B & [ ) 588 - % I8 7 AL g A (10 2
(A) Chromatogram of sample 1 (dashed line) and 2 (solid line)
(AVERA 1(REARZR ) MRS 2 (AR IR) 1 Jg pr st SR

(B) Chromatogram of reference molecules

B EFra i ey T ENSHEEAHE

Q17(4POINTS)
MRE.1.7.(4 77)

Calculate and report the relative size of the proteins corresponding to gel filtration peaks from sample
1 and 2 on the table in the Answer Sheet.

ﬂ%ﬁﬁlﬂh$2% - A 90 A T AT A SR A B A S E M A B 1 RO A R A
RE MR

Q.1.8. (4 POINTS)
[ 1.8(44y)

Indicate if each of the following statements is True or False. Mark “\” for True or False statements in
the Answer Sheet.
HIET T FUAGR AT & IEESSE R B R 14T <
A H protein exists as monomer
HEE A2 LA B3 (monomer) i T X A7
BHand B probably exist as heterodimer
H 1 B 25 %2 528 — B (heterodimer) i 28 SUAF7E.
C H protein helps to stabilize B protein.
H HAHIFEE B HE KA.
D In native gel-filtration column analysis, retention time of a protein is proportional to their molecular weight.

TESEHS-TEE G AT b, 2 A B B R AN M 70 B R LG A1 R R



EXPERIMENT 2. ANTIOXIDANT ACTIVITY OF COFFEE EXTRACT (30
POINTS)
IinERE B D R B A TE TR (30 43

Introduction f& />

Biological oxidation produces reactive oxygen radicals that can cause serious damage to cells. Antioxidants are
molecules that can scavenge radicals and thus inhibit oxidative reactions. Antioxidants include reducing agents
such as thiol compounds, ascorbic acid and phenolics. Coffee, prepared from roasted coffee beans, is a potential
source of antioxidants.
AW AN A FH e A S I e A T (R MR AR R . USRI PT DA ok 1 e A T ok AU S R Y
Y. PUEACHICFEIEF R AR DU R Sy S . R R F e 2 e £ e —
TR O T AL TR AR TR
In this experiment, a 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging assay, in which DPPH is reduced and
looses its purple color, is performed. SCs value (scavenging capacity) is commonly used for evaluation of
antioxidant activity. This value represents the concentration of sample which scavenge 50% of DPPH radicals.
Absorbance of DPPH will be measured at the wavelength of 517 nm. Absorbance of blank is assumed
negligible. Absorbance of control (without scavenger, Ac) and sample (As) will be used to calculate scavenging
percentage (SC%) for each concentration of samples as:
B R AT FH2,2- 251K (DPPH) JE FRIE %, T 2015E RIDPPHI /D i 2k 5 LB (U R .
HSCsofti (IRFETERRAES) s PTTEM RIS, HEFRIEFR50% DPPH H HEL AL IR E, £ 517
nmiflEDPPH H HFEIBOGRE . e B IOCE /T IS ANEE, 2 (EREERE, Ac) FIARAZH
(As) FIMO'G R R ARG AR — AR AR L ATEBR F 70 e (SC %) IR
SC%= (Ac — As) x 100/Ac

A plot will be created based on the logarithm of concentration series of samples and corresponding scavenging
percentage, from which SCs value will be calculated.

MR — RV R BB BB EUE, A RIS ER 1 20 LUARRE, 7EimEt 5 SCso BEUE .

In this experiment, beans of a Vietnamese coffee variety (Coffea canephora) will be investigated for antioxidant
activity. Coffee bean powder (1g) was suspended in deionized water at 80°C for 30 min, then filtered and water
was added to a final volume of 200 mL of extract solution.

A Bt U e A AEIME S (Coffea canephora) HIHTEALIENE. KEWNHEE R (1 g) IRIES0°CHI = pfE1-7/K
H, 30 ZrSEARR TG OEE,  FRIN/K B i AR B AR 29200 ZTHI AU

Procedure and questions
7 I B ]

Fig 2.1 96-well microplate
96FL AL 1



The 96- well microplate above can be used to perform a serial dilution. Positions on this plate are indicated by a
letter (A — H) and a number (1 — 12) specifying rows and columns respectively.

EEE 96 LML P A HEAT REUFRE, B EROALE 2 B — R A-H)M — B (1-12)8 8 73 0l3&
INEIE AR AR EAT A

1. Use your micropipette to prepare 4 solutions of ascobic acid (AA1-AA4 in wells A1 — A4 in the 96-well
microplate) and 4 solutions of coffee extract (CC1-CC4 in wells A6 — A9 in the 96-well microplate) by
serial dilution with a dilution factor of 2, to achieve a lowest concentration of 0.025 mg/mL and 0.625
mg/mL, respectively. The volume of each solution produced should be 200 uL before further dilution is
performed. 1.

IR E L2 R PR T 20, AR TR MR (AATRIAA4, 73 ) EJR96FLIMSLIE AT
AARLE) KAEMMMEREHC I (CCL B CC4, 43l BR96FLAMFL IR MA6-AINI B , ffiHii#
L TR R P R B0 1) 5 TG B2 40 7310 % 0.025 mg/mLA 0.625 mg/mL. ERRCGHEATIE — D HkERT, &%
ISR 24200 ul.

Note: If an error is made in loading any of these wells use wells H1-H4 for ascobic acid solutions AA1 to
AA4 and/or wells H6 — H9 for coffee extract solutions CC1 — CC4.

EE: AT EMDEREE SR, FHHI-H4RAL B 5 i TR R AA T EIAA4, FIH6EIHOALE 7>
S TEOIHEAE U CCL — CC4.

Q.2.1 (4 POINTS%})

Fill in the table in the Answer Sheet what you calculated for preparing ascorbic acid and coffee
extract dilutions.

FEZE: 246 H 3 HH SE 5 R S A 0 5 L PR R i A s R R )

2. Pipette 20 uL of ascorbic acid solution and/or coffee extract solution from each well in row A to the
corresponding wells in rows B, C and D. If an error is made during this step, the procedure may be
repeated using the corresponding wells in rows E, F and G.

PEAF I AEAE FL A IR HX 20 uL B 38 L R VA AN /2 G, B2 B #IB C FIDFIAH B E AL
o WRIAPERSEA SRR, RIMEHIE. FAIGHAHE BRI SL.

3. Pipette an aliquot of 20 ul H,O into wells B11, C11 and D11.
W E 200l FIH,0%IB11, C1IAIDI1ILH.

4. Pipette 180 ul of DPPH solution into all wells prepared in steps 2 and 3.7% X 180ul FIDPPHZ W 21 fir
HE P82 K3 P At AL

5. Cover the plate with the lid and incubate at room temperature for 10 min and set the timer.

DU AR IE i, REE R eI AE il T A 10708

After completing this step, raise the Green card for the assistant to help you in measuring absorbance on a
microplate reader and return your data printout.5¢ B0 BRIy, BREAR AR B, SEBhEEE /R A L B REA
RO, AR 21 D BB RS A R



Q.2.2 (5 POINTS4})

Calculate the logarithm (log;¢) of ascorbic acid and coffee extract concentration and fill in the table in the

Answer Sheet (all numbers are rounded to 2 decimal places). You can use your calculator to calculate common
logarithm value following steps below:

AT AU LR R I 2 B DR B R R U E (log o), A EZ AR (I BUr AR Y48 Tu N 22407
O o ARATCLAHET SRR LR ZP G R SRV
e Press the ON key to turn on the your calculator
FZONSEIT Bl 5 B b
e Press the four keys SHIFT, CLR, 2, and = to return to calculation mode.
FZSHIFT, CLR, 2, = Z¢ VU IR [a] 25 AR 2
o Press the log key {%log$t
e Enter the number ¥t A#(F

o Pressthe=key {%555% = i

Calculate the mean absorbance for each dilution, the scavenging percentage for each sample and fill in
the table in the Answer Sheet.

AP SLAHERAE T 2O, FHEERARSER T 0t HRAEERESE L.

Q.2.3. (5 POINTS%})

Use the calculated value to plot a linear curve on scavenging percentage versus logarithm (log;() of ascorbic
acid concentration in the grid lines given in the Answer Sheet.

RIEH S B BUE, % KB MRAR LI R E 20 b BT i IR I B B (log o) I AR 1k 1 7 o

Q.2.4. (5 POINTS%})

Calculate SCs value of ascorbic acid and coffee extract and fill in the table in the Answer Sheet (You
can plot a linear curve for coffee extract in the grid lines given in Q.2.3 but this curve will not be
scored).

SF S UER IR S OMEE A U SCso, B AR REMIR T (IRF] LIEQ.2. 3R AR 48 L
AR AR VE AR, (HIERHERA G HEE ) -

Q.2.5. (3 POINTS%})

Using the same protocol, SCs( value of extracts of some coffee varieties were collected as follows:

AR R R, WA — S b A e 2 B Hefu6 SC s I BUE AN T -

Coffee extractMlIHEZEH W) SCs
X 3.8 mg/mL
Y 2.6 mg/mL

Compare antioxidant activity of different coffee ben types including the one in this experiment (Z) and
arrange them in order from the strongest to the weakest and fill in the given space in the Answer
Sheet.

FERCAN [RI N HE AR B H A a1, ERE B B (2), AR P s HE Y, HRAEE
FE ERITRE K .



Q.2.6. (4 POINTS%})

Assume that in your experiment the absorbance of all the mixtures of different diluted coffee extracts and
DPPH were similar and negligible. Indicate if each of the following statements is true or false.
AR AE VR B B o AN [ R RN E 2 V) B TR A 0 R OG 2 A0 DPPH ARAEL, 255 m] 228 ANGT . FIETF 51 #%
RO e B B
Mark “\” for True or False statements in the Answer Sheet.
HIHTE 2 RO M S AR
A Antioxidant activities of the diluted coffee extracts are negligible. FFEKIMNHERE Y HPT A IS T TT DL

B To obtain more accurate determination of antioxidant activities, another experiment with higher concentration samples
needs to be carried out.

A E VRN USRS R TR B AR A AT 5 A (I B
C Activity of antioxidant enzymes in coffee extract resulted in the above result.
DR Y b A A R R PRI B DL LA R
DIfNADH is added in the wells, there will be no change in the assumed absorbance value.

IRAEALT A ININADH, BUGE SO EA B HeE.

Q2.7. (4 POINTS4Y)

A student measured antioxidant activity of a sample using the same protocol as you have done (Protocol A) and
a different protocol (Protocol A*) which was modified from Protocol A. The result is shown in the following
table.

— 5 B R BRI A) B BCEE RIA R (RREA *), HlE AR A iE T, &
RUFR.

Protocol i fEA Protocol Vi FEA*
SCsp (mg/mL) 1.95 3.9

Which of the following changes could result in a higher value of SCs(?
N A ] A A B o 3 S e IS Cs o ML ?
Indicate if each of the following statements is true or false. Mark “\" for True or False statements in
the Answer Sheet.
HIMT R B S RORIEEE, EE RS BT,
A The student has used 0.1 mM DPPH for Protocol A* 224 7EFEA* # A 70.1 mM DPPH

B The student has loaded 10 ul of sample in each well for Protocol A* 2L 77 F2 A*BHEFLH AN 10 ul BiAs

C After adding DPPH, the student has incubated the 96-well plate for a shorter time than in Protocol A.
IIADPPHZ 4%, 596 FLIMSL IR I & ELAEVR F2 A TRE ] 4

D The student has used better solvent for antioxidants.

B R PUEME L T S R




EXPERIMENT 3. LACTIC ACID FERMENTATION (30 POINTS)
B1E 3. LA %I (3077)

Introduction f& /)

Recently, a scientist isolated a homolactic acid Lactobacillus strain (Lactobacillus sp. VN156) from
traditionally fermented mustard in Vietnam. In this experiment, Lactobacillus sp. VN156 was grown in MRS
medium. The initial pH of the culture medium was 5.6. Samples were taken at different times during the
cultivation for measuring the optical density (OD) of bacterial cells at 600 nm (Fig.3.1). An ODg( value of 1
corresponds to 2x10® cells/mL. The samples A0, A2, A3 and A5 are supernatants of collected samples which
will be used for analysis of lactic acid production.

BT, AERRET A — AL RHSE ROE E S I o R 20 B B LR O FLBR Ak (FLAR R VNI156) o Bl
H, FUREEE VNIS6R BT BEAEMRSE A AR BEENWILE pHIER 5.6. 1EE; &2 AR R [ 2 4
B AT EEASAE 600 nm AR OGAE (OD)([E3.1). ODggo M IS 1AH 3 A 2x108 Al1ffI/mL.. £ AO.
A2, A3 ASEPTICSRI EIEIERAS, T FLBR A2 E 73 #T o

10 1

(@)} o ¢)

OD (600nm)

O T T T T T T T T T
0 3 6 9 12 15 18 21 24

Time (h)

Fig.3.1. Growth curve of Lactobacillus sp. VN156VN156
Lactobacillus sp. VN156E = #h 4%

Q.3.1. (3 POINTS%})

Assume that the Fig 3.1 represents the real course of the growth. Calculate the generation time (h)

of Lactobacillus sp. VN156 during exponential phase and record the value in the Answer Sheet.
a3 AR EIEM AR RIGHE . ST IR VNISOLETR BUN-R RS B HACRE [ (h), B RC
SRS L.

Q.3.2. (3 POINTS%})

If 1 mL of the culture at 9 h is diluted into fresh MRS medium, calculate the number of bacterial cells after 6 h
of cultivation and record the value in the Answer Sheet.

A9 h BB mLA R FIMRSE =ik, FHA6 MR EM A E AR EE, K BUERCSRES
EE o



Calibration of the pH meter
pH meter P 1E

Use Hanna portable pH meter (Fig 3.2) for measuring the pH
FHanna### 20pH meter ([&3.2) & pH

pH 4/10 Trimmer

ON/OFF Switch

pH 7 Trimmer

Fig 3.2. Hanna portable pH meter

Calibrate the pH meter according to the following procedure Fig 3.3.

@E. 3.3 PR 77 AL IEpH meter
Turn the pH meter on by pressing ON/OFF button.

% ON/OFF §#47 [flpH meter.

e Remove the protective cap and rinse the tip of the electrode with water, gently wipe with tissue paper.
BT P 25 s AR A2 7K o, DLAR g 4L

e Dip the tip of the electrode in pH 7.01 buffer solution. Ensure the electrode tip and junction are fully
immersed in the solution (about 2 cm of the tip is in the solution). Allow the reading to stabilize.#¥ 5 fifi2e
S Y pH 7018 . BEOR AR I RS FBR 58 AR AL (&Y 2 em R AEVE ) o 55
BUEREE .

e Use a screwdriver to adjust the pH 7 trimmer until the display reads pH 7.01
F/INRER TTEREE pH 7 flH B2 FEH ph (HE7R %9 7.01.

e Rinse the pH electrode with water, gently wipe with tissue paper.
K sepH Ak, F AR P g .

e Dip the tip of the electrode in pH 4. 01 buffer solution. Allow the reading to stabilize.
HE FEARRIZ I pH 4.01 8K M . SR UE RS E -

e Use the screwdriver to adjust the pH 4 trimmer until the display reads pH 4.01.
FH/MEAR T]FH%E pH 4 16 B 2FEE ph AHEIR 45 4.01,

e Calibration is completed. 5¢ %A% 1E

e Note: if you switch off the pH meter you should calibrate it again

VER: W SRR B idpH meter P 0 2H HUHTIS IE



Fig 3.3. pH Calibration
Lactic acid titration LRV 7€

Titration is an analytical technique, which allows the quantitative determination of a specific substance
(analyte) dissolved in a solution. It is based on a complete chemical reaction between the analyte and a reagent
(titrant) of known concentration, which is added to the solution. In this part, titration method will be used to
determine lactic acid concentration in the samples by titration with 0.1M sodium hydroxide solution as shown
in Fig.3.4.

T E & — R A BitT, DU ElE Ve KB IR EME (R o BEREERZ 0 M
IMEREE b AR E A GRER) MR RIE. AEERtnE 3.4 Fros, k& HwE SR 0.1
M @A B TR A2 DA E A it T A LR IR S

pH meter

Sample

Heating Stirrer

Fig.3.4. Titration setup

Q.3.3. (2 POINTS%})

Calculate the volume of sample (mL) and water (mL) needed to be used according to the table in
Q.3.2 and record the values in the table provided in the Answer Sheet.

MRIZQ.3. 2R F B 75 3 2 AR A KoK I EAE (mL), SR BUERCERAE B B IR



1. Based on your calculation, prepare sample dilutions for each sample in 100 mL beakers. Prepare two
duplicates for each sample using 25 mL measuring cylinder for deionized water, micropipette and 10 mL
measuring cylinder for samples
RBARAIETE, LL100 Z2THEEM R BREE: th R A MRl . 1125 2T EFEIE LB Tk, ER
ERIL0 2T b B A S AR AR AR .

2. Carefully place a magnetic stirring bar into the diluted sample solution. Clamp the pH meter and position
the pH electrode deep in the solution (about 2 cm of the tip is in the solution) so that the stirring bar will
not hit the pH electrode while stirring. Begin stirring slowly and record the starting volume of 0.1M
NaOH solution.

LR R N O TN R IR S VAR - ARGF pH AT, 1S58 pH AR A7 B2 R AL R
CHSmAY 2 cZAEVE) MR FEE A G TR AR, 121854 17 250 8%0.1 M NaOH & UG K
RS .

3. Open the stopcock of the burette to allow the NaOH solution from the burette to slowly run into the
sample in the beaker. Stop adding NaOH when the pH of sample changes to neutral (6.95-7.05). Record
the final volume of 0.1M NaOH solution.

IR E LR, "ENaOH ¥ IS 8 N Rk il IO . B AR A 1 pHAEL S22 P % (6.95-7.05)
IRf, AT RS INEEAEE . ACE% 0.1 M NaOH 3 VR (1) i A4 HETH

4. After each titration, carefully remove the pH electrode from the solution, rinse it with water. Remove the
stir bar by using a pair of forceps and rinse it with water.

TR EL, TR /N0 tHpH B AR FH K st sz . Al &1 72 th R FR i Rk iz
o

5. Repeat steps 2—4 with a new sample.

HERHEGET PR A D BR 2 4.

Q.3.4. (9 POINTS%})

Record the volume of 0.1 M NaOH used to titrate each sample in the table provided in the Answer
Sheet.

PR R AR _EACSRI € BRIAAR & I 1€ F 22.0.1 M NaOH I35

Q.3.5. (10 POINTS4})

Calculate the mean volume of 0.1 M NaOH needed to be used to titrate 30 mL of each stock sample
and the concentration of lactic acid in each sample based on the final volume of base titrated. Record
all values in the table provided in the Answer Sheet.

AR E 30 Z2 TR AR T 5 0.1 M S AL S K T S BE AR, SRRl A P (O FL IR IR S
FEZ BB HIR P RCE I B BUE .

Note: NaOH (Mw=40) and lactic acid -C3HgO3 (Mw=90)



Q.3.6. (3 POINTS4})

Based on Fig 3.1, assuming that the ODgq of 1.0 equals to the densitiy of 2 x 108 cells/mL. The concentration
of lactic acid will be increased 1g/L if the number of bacterial cells increases 2 x 108 cells/mL. If at 11 hours of
cultivation the lactic acid concentration is 6 g/L, calculate the number of bacterial cells (cells/mL) and record
the value in the Answer Sheet.

HPEE3.1, 1REEIIODggo IRF M1 1.0%5 17> 2 x 10 AH M/ mL % 82 o A B 400t P S50 18 m 2 x 108 4
mL, FLRVEERIGI 1 /L. %553 11 h LIRS A 6 /L, FHEAN AL (A /mL) BRI AEZ
4 LRt sR B .

FLERER G E

END OF PRACTICAL 3 ‘&1E34t
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Q.1.1 (6 POINTS)

[/ 8.1.1(64) )

Tube 1 Tube 2 Tube 3 |Tube 4|Tube 5|Tube 6
Sample Protein Marker[NO IPTG|IPTG |Pellet |Super |Puri-P
Stock (ul) 5 149 (149 |15
H,0 (ul) 5 125 |12.5 125
2X SDS-PAGE buffer|10 12.6 |12.6 |12.5
Total volume (ul) 20 40 40 40 40 40

Q.1.2. SDS-PAGE RESULT (10 POINTS)
[58.1.2.SDS-PAGE %54 (10 %))

Attach your picture here




Q.1.3 (4 POINTS)
[ 8.1.3(4 4%)

A

o kDa < Start point Jk# L By

- 300 = =

250 - Q

170 — Dt

“ 140 =— i

® 100 — ;t

- 70 = =

40 == =

© D

()

~ 25 = =

3

® 15— 3

()

o 10 g
° 46 Bye-front 475k Bl i 45

Fig.1.4. Protein markers (A) and graph paper (B)
il 1.4. 55 5 B 7> T2 AR (A) AT K i 45(B)

Q14(4POINTS)
[BIRE.1.4.(4 7))

Protein|Size (kDa)

TEAHE| 7T & (KkDa)
H
B

Q.1.5 (4 POINTS)
[ 58.1.5( 4 43)

True|False

NRGHE
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Q.1.6. (4 POINTS)
[F/E1.6.(4 77)

True|False

NRIAFERS

S Q| @ >

Q.1.7. (4 POINTS)
MIRE.1.7.(4 7))

Sample Size (kDa)
[EZN 73 FE(kDa)

The peak observed in sample 1

BRAR JE s R ee for B B ¢

The peak observed in sample 2

B 2 g it SR AP B SR

Q.1.8. (4 POINTS)
[ 1.8(457)

True|False

IRAFERS

S Q| @[>

Q.2.1 (4 POINTS%})

Diluted solution

MRV

AAl

AA2

AA3

AA4

CCl1

cc2

CcC3

cc4

MR SR

Volume (ul) of solution for dilution

Volume of H,O /K#4FE (ul)

Concentration J& /% (mg/mL)

0.025

0.625

Q.2.2 (5 POINTS%))

Solution¥ &

Control

AAl

AA2

AA3

AA4

CCl1

cC2

cC3

CC4

Log,, concentration J2/% (mg/mL)

Mean absorbance -3 Y {H

SC%




Q.2.3. (5 POINTS%})

Scavenging percentage SC(%)

0

log,, concentration (mg/ml)

Q.2.4. (5 POINTS%})

Ascorbic acid|Coffee extract

PURIMER e

SCs

Q.2.5. (3 POINTS%})

I S

Q.2.6. (4 POINTS%})

True¥}|Falsef

g Q|w >




Q2.7. (4 POINTS4})

True¥f|Falseft

S Q@[>

Q.3.1. (3 POINTS%})

|Gener ation time ﬁﬁﬁ%%ﬁl |

Q.3.2. (3 POINTS%})

Number of bacterial cells

AT A M B

Q.3.3. (2 POINTS%})

Cultivation time}% % |Sample ELI;EOH Sample volume £ 4 |Deionized water volume 2% Bff T~ [Total volume 44 &
RE[H] (h) e R BB FE(mL) 7K B8 FE(mL) fE(mL)

0 A0 2 30

6 A2 5 30

9 A3 10 30

15 A5 20 30

Q.3.4. (9 POINTS%})

Volume of 0.1 M NaOH  [Volume of 0.1 M NaOH
A R[] Diluted titrated titrated Average volume of 0.1 M NaOH
Cultivation |sample#if |(First replicate 55— (Second replicate®f; ~H |titrated (mL)#% & 0.1 M NaOHF
time (h) A% A #8,mL)i% 2 H 0.1 M ¥, mL)i% E H10.1 M YIRER
NaOH#$7i NaOH A8
0 A0
6 A2
9 A3
15 A5

Q.3.5. (10 POINTS%})

Cultivation time [Sample|Volume of 0.1M NaOH (mL) used to titrate 30 mL of stock sampleifi |Lactic acid production
HReWrfl(h)  [BRAh 5 30 THERALITH0.1 MG EALEA 1T 2B AH(mL) i 2 FLIR (g/L)

0 A0

6 A2

9 A3

15 AS




Q.3.6. (3 POINTS%})

A s H
(A Bf2/mL)
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