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Cell Biology/Biotechnology Lab Exam STUDENT CODE: 2
Introduction

The cabbage family contains a class of compounds known as glucosinolates. Some glucosinolates such
as glucoraphanin have desired medicinal properties helping to prevent cancers while others such as
glucosinalbin have toxic metabolites.

TFAERMAEYI & H —7EfE &y glucosinolate #J{L&%) - %L glucosinolate L&) » Bl
glucoraphanin ELE A EBIES A=A IHRE o {HE Ak glucosinolate 1{L&%7 » 140 glucosinalbin >
AIg e R R EEFEEYE -

One of the products of the toxic glucosinolates is the thiocyanate ion (SCN’). SCN" interferes with
iodine metabolism resulting in thyroid hormone deficiency. Eating plants of the crucifer family such as
cauliflower will result in the production of a limited amount of thiocyanate ion from glucosinolates such
as glucosinalbin.

HAFMEH glucosinolate 731 F FLUEEE Y TR SAREET (SCN) - Wi SEH & HHEMEE 1y
o AR HIRBR R A E - Ba - TFACRHEY) - BIOFEREEHY glucosinalbin (ZkEH

glucosinolates ) » ErE /) EAVITFEIHAY LR -

The glucosinolate glucoraphanin is metabolized to sulforaphane. Sulforaphane is an inducer of phase 2
proteins. One consequence of phase 2 protein induction is an increased ability of cells to scavenge free
radicals and other oxidants. A consequence of decreased oxidant levels is a lower probability of
activation of pathways that lead to inflammation. One such pathway is through activation of a protein
complex such as NFkappaB.

75 56 glucosinolate £5AY glucoraphanin & 2% FH{CEES KA 5k sulforaphane - 3 £E sulforaphane 431
B R AR - B T AVE N BAVERRE HE (free radicals) BiLEAth & (B (oxidant)
HIThRE - ESALEIREE R - SR R RENELIS - Hh—fp RS bEaEE
&%) > B4 NFkappaB -
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TASK A. To determine the amount of thiocyanate ion released from cauliflower using a
spectrophotometric assay. This has a value of 27 marks.

FADYOLER AN BRI R A2 ' (RE 27 4)

OBJECTIVE: To use a spectrophotometer to determine how much thiocyanate ion is released
from cauliflower. This assay is based upon the principle that in an acid
environment thiocyanate reacts with Fe®* to form a stable Fe**-SCN red-coloured
complex with a maximum absorption at 447 nm.

HiY * M OCESEAECE TR LR S B = 8 o AR AR IEREREE T - i)
FEEG R = T (Fe™) KIE > PR EATRENR SIS T (Fe-SCN) Z 4L AY) - ILHT
FEITTAE 447 nm 7R N BEARARHIEOLE -

Materials

et

» Eppendorf pipettor: one 20-200 microlitre capacity set to 100 microlitres.
FCETE © R 20-200 ul FYfCE R EHEEEE] 100 ul

> Eppendorf pipette tips.
P E R

» Spectrophotometer cuvettes containing 900 microlitres of ferric nitrate reagent — as noted above,
this reagent is in a strong acid.

I EN S 900 ul HEEHEIAIR o SRAHA0E - AR RSRIE -

CAUTION: The ferric nitrate reagent solution you will be using is dissolved in 1.0 M nitric
acid. Wear gloves and use goggles to protect your eyes before starting the
experiment.

AERHREOEREM 1.0M W - EEBRFRARSALT RERFLFRTE -

» Thiocyanate standards in tubes at the following concentrations: 0 micromoles/mL (this is your
blank), 0.1 micromoles/mL, 0.5 micromoles/mL, 1.0 micromoles/mL, 2.0 micromoles/mL and 4.0
micromoles/mL.
FEaVE YRR SRR R 70 A Ry 0 uM/mL (AR 22 BT REH) » 0.1 uM/mL, 0.5
uM/mL, 1.0 uM/mL, 2.0 uM/mL £ 4.0 uM/mL
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» One tube of filtered cauliflower homogenate. 1.0 g of cauliflower was homogenized and the
homogenate was diluted to a total volume of 4.0 mL water. This is your unknown and you will be
required to determine how many micromoles of thiocyanate are present in one millilitre of this
homogenate.
alE TEEATOISEER - i 1.0 g VBRI E (LR - R ERIVAIGTEH /KGR E
4.0 mL > JERIEARKY) (RAXEEFITEANENAR) - REZEAENE L mLIART&H
%/l mM HIRT EEE -

» A marker pen to label the cuvettes.

PUS A et E R -

» Gloves and protective glasses

W ETFER g -

» On your bench is a spectrophotometer set to an absorbance of 447 nm.
s R IRE EY O IR SRR EAT 447 nm -

NOTE: Before beginning this task, be sure that you have all the materials listed above. If you do not,
notify a lab assistant by raising your hand.

bt - AR AR I E R G IR R LSS E R 5t - WRIA - FRTRES ARIEH

Procedure
S B

1. Put on the gloves and the protective glasses.

W T ERiRE R

2. To each of the cuvettes containing the ferric nitrate reagent add 100 microliters of each of the
thiocyanate standards. The standards are: 0, 0.5, 1.0, 2.0 and 4.0 micromoles thiocyanate/mL. A
coloured reaction should become visible except for the 0 micromole thiocyanate standard which
serves as your blank. Be sure to label the cuvettes on the frosted surface.

73 RRFRIE R 0, 0.5, 1.0, 2.0 B 4.0 M/mL KRR SUEIEAE R HL 100ul > 73 BIAIA s
o PERF 0 BR 7RISRy 0 AVERARIRSL - HAth & A 2 SR O E T - RS 0 1Y
PR B AR ERINZE OIS - SRR YOS EEE B BT -
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3. To each of the remaining 3 cuvettes add 100 microlitres of the cauliflower homogenate.

FERI T 3 (YO E T4 I A% 100 uL TERRSEISE -

4. Carefully carry the cuvettes to the spectrophotometer which has been set to absorb at 447 nm. Open
the lid to the light path in the spectrophotometer and insert the 0 micromole thiocyanate/mL standard
(i.e., blank) cuvette. The arrow indicates the light path. Ensure that the walls of the cuvellets
through which the light passes is transparent. Close the lid and push the “set reference” button on
the top right hand of the panel on the spectrophotometer — see the diagram below.

Do not touch any of the other buttons!

4. INODHIREED O E R e EET T o SRR AR E R A AE 447nm - FTBHE T
A O UMIML AR O E (AE RZEEERME) - O eEaHEaVEE - Sz
JTERAVERAS » 5FEROCRIEEBIY O EE EZE AN - B L& T ¥ Mo otEsT
FRIEEMCG BT “set reference” $88 » W1 N EFT7RAVALE -

AN B gk Ho At R

Set Reference

"'\

Sel
Relerence

5. Insert each of the standards and record the reading. Then insert each of the cuvettes containing the
unknown and record the spectrophotometer reading. Leave the cuvettes at the spectrophotometer
and the laboratory assistants will take care of them.

73 R el A BA A EREIRH s - W ARFFRCEk FaEE o HEIRFRE ARATRERIEHTEE
HERZOEEE > WorRlEeskailE - BTN OUEER T RIEC#HE IR - KO EE
WENZE > B ANRgWEEE -
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Spectrophotometer reading (absorbance) for each standard: This has a value of 10 marks.

BRI OB (TotE) EMEETH 107 -

0.5 micromole/mL thiocyanate:
0.5 mM/mL Hi FEE AR

1.0 micromole/mL thiocyanate:
1.0 mM/mL B S R

2.0 micromole/mL thiocyanate:
2.0 mM/mL i EE AR

4.0 micromole/mL thiocyanate:
4.0 mM/mL i FUEE AR

Spectrophotometer reading (absorbance) for the unknown: This has a value of 3 marks.
73 sk = (EARFREA IS E R 2 RO E - R 3 7 -

1. 2, 3,

6. Plot, on the graph paper (on the next page), the absorbance measurements for your thiocyanate
standards against the concentration (micromoles/mL) of the standards. This has a value of 6 marks.

N —HEEE - il R s TR - GEE RO TS (BOEE) - BB 64 -

7. Take the average absorbance of your cauliflower homogenate and determine the thiocyanate ion
concentration using the previously plotted graph. This has value of 5 marks.

FIFIAT—REAFTEE A IE - IRFTEITCRT S EDRIO 5 s s (TR 49 - At
FHCARS R B AR - PR S 4 -

ANSWER:

8. What is the concentration of thiocyanate in cauliflower? Be sure to state the units (3 marks)
FERBE TR R AR Rofer 7 (FERRHIEEAL S 373)

ANSWER:

9. What is the standard deviation of the absorbance of the unknown? This has value of 2 marks.

FEHRSE Y E IR TR AR AR 2 R fr] - BERE 247 -

ANSWER:
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Absorbance

0.0

1.0

2.0 3.0
micromoles thiocyanate/mL

4.0
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TASK B. To determine the amount of cauliflower needed to be consumed for it to cause toxic
effects because of the presence of thiocyanate (5 marks)

FUEACARSE P M B BEEAIE (LDso) (543)

Introduction

The LDxy is a toxicology term that describes the dose (i.e. millimoles of toxin/kg animal) of a compound
that will kill 50% of the animals tested. In the rat, the LDso of sodium thiocyanate consumed is reported
to be 9 millimoles/kg. Using the data of the experiment you have just performed, calculate how much
cauliflower a rat that weighs 500 g would have to eat in a short time to reach the LDs, of thiocyanate.

LDso Ay 5152 T FIZRET AL EPIRERSE 50% FEREHIHYHIE (mM/kg) » A7 5 50% ZSLHIE -
FER B E Bl 5 > BUEERAY LDso £y 9 mM/kg - FIIFHHIRE A FYEBRETIR - B HERHAG & 5009
AR BUE R IR P Y i & 2/ DR BRI A REZE SR U LDso ©

Procedure
Circle the letter of the range that best fits your calculated value. Show your calculations on this page.
Continue on the back of this page if necessary.

s R E VSR - WGP R EIRAETER o OABEER - ATLERARER -
@ 1gmto5gm

(b) 50gmto 250 gm

(c) 500gmto1lkg

(d) 1.5kgto 14 kg

() 15kgto25Kkg
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TASK C. Tointerpret the regulation of gene expression. (12 marks)
s HHAS R 2 A EATE (12497 )

Introduction

=tEH

The glucosinolate glucoraphanin is metabolized to sulforaphane. Sulforaphane is an inducer of phase 2
proteins. One consequence of phase 2 protein induction is an increased ability of cells to scavenge free
radicals and other oxidants. A consequence of decreased oxidant levels is a lower probability of
activation of pathways that lead to inflammation. One such pathway is through activation of a protein
complex such as NFkappaB.

75 L6 glucosinolate £HAY glucoraphanin & 4% FH{CEES K A4 5k sulforaphane - 32 £ sulforaphane 431
JENE AE A AR - s TRIE T R EAERR H A (free radicals) B HAt S8 (LA
(oxidant) FYZIRE © & E(CEIRE KR » Ee 5 R ERE bR « Hrh—fpg RSk
EHEEEY) > 141 - NFkappaB -

NFkappaB is a transcription factor complex comprised of two proteins (p50 and p65) bound to a third
protein known as IkappaB that is normally present in the cytoplasm. Activation of NFkappaB involves
the degradation of IkappaB resulting in theNFKappaB p50/p65 heterodimer translocating to the nucleus
where it binds to specific promoter elements increasing the transcription of pro-inflammatory genes such
as inducible nitric oxide synthase (INOS). One indicator of activation of NFkappaB is that the ratio of
the p65 to IkappaB protein increases.

NFkappaB sl R T S HenT— - RS RIS HE (p50 Bl pb) 454 - E4EamiEEH
"1 RE BT AR E TPV =R E IkappaB 455 - —MGIRL I » NFkappaB 82 p50 &5 [ B
P65 &h¢ » FIEH IkappaB 454 < J&{LHY NFkappaB & B IkappaB HY[Ff# » 455 & E 2 NFkappaB
p50/p65 25 [ B 18 & e (i F 4HAEAZ - 1E4fAEA% - NFkappaB p50/p65 & & & e & ELEE) +
HITah G o MBS IIRTSE 3 S EELA (pro-inflammatory gene) @ (AIEEEM—SE (LA GRS
(INOS) ) [EEs% o [RIIHL - p65 Eil IkappaB MELAE AT DU B NFkappaB [15E L5 -

One of the consequences of increased iINOS activity is increased production of the nitric oxide free
radical (NO’). Nitric oxide reacts with the superoxide anion (O27) to form peroxynitrous acid.
Peroxynitrous acid is a very strong oxidant.

& INOS HY/EMER I > —A(EEHYE HiE: (NO) HyEE IS EIE I - —S(ERBEE T T (02)
TER&R GBS (peroxynitrous acid) - [ A0H B (F /2 —RR5RAY A (LA -

Increased oxidant levels often results in activation of NFkappaB while lowering oxidant levels often
results in decreased activation of NFkappaB and, hence, lowered levels of expression of pro-
inflammatory genes.

NFkappaB j&{E1& » GEEE(CEIRE ETF - 280 - EE(EEDREREZ - NFkappaB & (K
AR > IR (AT 5% 3k S EELA (pro-inflammatory gene)#23H -

Procedure
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g

1. Examine the figures provided in each of the following sections.

frdfitmd LU S R NE TR (LAY E] -

2. Using the data presented, identify which data set is derived from animals fed a diet high in
glucoraphanin and provide the basis for your answer.
MALUNRYE R - BBt & & {F RS B glucoraphanin 776t - 0 DAL R [B] 5 i
HYELHE -

SECTION A. (5 marks)

Below is a figure that gives data on NFkappaB activation in spontaneously hypertensive stroke-prone
(SHRsp) male rats that were fed one of two diets: a control diet or an experimental diet containing
glucoraphanin. In the experimental diet, the animals consumed 10 micromoles glucoraphanin/kg body
weight.

NE %y NFkappaB JEACFERE - Bk B MR s s iR JEURER - —4H A EIREHER S - 55—4
EEEECE (00 glucoraphanin) - fFEAEEET - glucoraphanin 7 I&E £ 10ug/kg °

After several months on these diets, the animals were euthanized, nuclei from the kidneys were isolated
and prepared for SDS polyacrylamide electrophoresis. Following separation of the proteins on the gel,
the proteins were transferred to nitrocellulose membrane and probed with an antibody that recognized
the NFkappaB p65 protein.

ACE % H Y glucoraphanin IRIIER & AVEE - EEREIYI L LEIER TR - B BRI AHAEAZ 1 70
K - A4S H SDS-PAGE )k 7r it - &5 H'E EAERREG T 0B - B 0B G o e 2 LA
AR WEEE PTG NFkappaB p65 ZEH -
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A representative Western blot is shown below (on the left) and next to it is a graph that depicts the
quantification of blots from 5 different animals per diet group.

FElE RoPe T SEREAM B BRGER - HE R I E(E A E T REYAH BT SEREAR B RGER -

07
06{
051
04/ 1/
tH o3| /7
s 02|

g 04- I/’ 7 7
0.0

A B

NF-KB (DB5) S e

Answer the following questions:

B T3 TR

1. Which group of animals (A or B), were fed the glucoraphanin-containing diet? This has a value of 1
mark.

1. bt A BB W4HESRENY) - = 0YEKE AR glucoraphanin ? ZA5RE 1 43

ANSWER:

2. Which of the following statements gives the best explanation for your answer? Circle the letter of
that statement. This has a value of 4 mark.

sl NI Rl S AN BRAER I - A& 4 5

(@) Less oxidative stress results in less NFkappaB activation and hence less p65 in the nuclei.
RAVESLEE ) & 255, NFkappaB Y& LI#(E - PRI p65 fE4HAZ AR -

(b) Less oxidative stress results in less NFkappaB activation and hence more p65 in the nuclei.
ARV EALEE T & 55 NFkappaB Y bFE(E - BRI TS p65 fE4HRZ IR -

(c) More oxidative stress results in less NFkappaB activation and hence less p65 in the nuclei.
R LB ) & 25 NFkappaB Y S LR - PRI p65 fE4HRZa R -

(d) More oxidative stress results in less NFkappaB activation and hence more p65 in the nuclei.
=R BB & 2 NFkappaB HYE (LR - (RIELTT S p65 FEAHREAZHTRIA -

(e) More oxidative stress results in more NFkappaB activation and hence more p65 in the nuclei.
= A BB & 2 NFkappaB HyE LN - (R TS p65 FEAHREAZ AR -
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SECTION B. (5 marks)

Below is a figure that gives data on a 45 kD nitrosylated protein (N-protein) in the kidneys of male
SHRsp rats that were put on one of three different diets: a diet containing glucoraphanin and two
different control diets.

NE {1 45KD SEmER(EE S (N-EH) VERGR - Bk B E v S M EURE, - 8
SgEhPaa T RN [EHYECE > &4 glucoraphanin - AR AR (RIS IRAHE & -

45 kD Nitrosylated Protein

Western blot
A B C

—— — — — . N EOLET)

I ir-N
7

// |

By o754 NN
I\
u::- \\ &

The top part of the figure is a representative Western blot while the bottom part of the figure is the
quantification of Western blots from 5 different animals per diet group.

FE ST ERENERGER - NE AR E TR EAirh )y SSRNAN B RETR -

Answer the following questions:

=l

1. Which of the groups, A, B or C, represent the animals fed a diet containing glucoraphanin? This has
a value of 1 mark.

Fult A, B, C =2HEERENY) - AIERYEKR P70 glucoraphanin ? A8 1 43

ANSWER:
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2. Circle the letter of the statement below that best explains your answer. Glucoraphanin treatment
results in: (4 marks).

FE4EH Glucoraphanin gz 2 % - S5 H Y14 il & AN EBRPTSAIEER - KX 457

(@ More oxidative stress results in more NFkappaB activation that results in more iNOS
expression and more peroxynitrous acid formation and thus more nitrosylation of proteins.

4027 ) L BT B35 NFKappaB #55{LI » PRIE BEEe) INOS FIR BT B L
THRRAER » BB A RE R RE LA D -

(b) More oxidative stress results in more NFkappaB activation that results in more iNOS
expression and more peroxynitrous acid formation but less nitrosylation of proteins.

e LT 255 NFKappaB (3 (LI » PRIEE 2B INOS FREHERRERS VIR (1
RABRZE R » 2 (AR R B LI -

(c) Less oxidative stress results in more NFkappaB activation that results in more iNOS
expression but less peroxynitrous acid formation and thus less nitrosylation of proteins.

BT SE BB T & E 2, NFkappaB HyE(ER AN - PRI = Y INOS iR Bl (AT A8 (b
TR - HOEE H B R M ER(ElE (K -

(d) More oxidative stress results in less NFkappaB activation but results in less iNOS expression
and less peroxynitrous acid formation and thus less nitrosylation of proteins.

27 1L €280 NFKappaB (955 LIE(E » [RIESEE0EERAY INOS F3 I (B4 11
BB - TR 1 BT R R L -

(e) Less oxidative stress results in less NFkappaB activation that results in less iINOS expression
and less peroxynitrous acid formation and thus less nitrosylation of proteins.

AT LB 65 NFkappaB (975 (ERE(E » PR NIRRT INOS RIRERE(ATE4E (b
BB - AR B TER R LR -

- THE END -
S

HAVE YOU WRITTEN YOUR STUDENT CODE ON THE FIRST PAGE OF
THIS EXAM BOOKLET AND ON THE TOP OF THE OTHER PAGES?
R tERee o A e L BHVER A SRR S —RNZER T, WNERN ETER



