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Timetable - Tutorials

A WO N

5
6 (Feedback)
7 (Feedback)

Graduation

Timetable - Homework Assignments

2nd December 2019

9th January 2020

16t January 2020
23rd January 2020
30th January 2020
13th February 2020

27th February 2020

19t March 2020

9am - 4pm

3pm - 4pm
3pm - 4pm
3pm —4pm
3pm - 4pm
3pm —4pm
3pm - 4pm

TBC

Senate House Library
University of London

Lord’s Hill
Lord’s Hill
Lord’s Hill
Lord’s Hill
Lord’s Hill
Lord’s Hill

Lord’s Hill

Tutorial 1
Tutorial 2
Tutorial 3
Tutorial 4

Tutorial 5

Baseline Assignment
Couple the Compounds

Reperfusion Recall Poster

Crushing Numbers

Final Assignment

Assignment Submission - Lateness and Plagiarism

Submission after midnight on 9t August

Plagiarism

10 marks deducted

13th December 2019
15th January 2020
22nd January 2020
29t January 2020

11t February 2020

‘
o

Some plagiarism

Moderate plagiarism

Extreme plagiarism

10 marks deducted
20 marks deducted

Automatic fail
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Course Rationale

Medicines are all around us and make up a part of people’s daily life. It is rare that you or someone
close to you will go through life having never taken a pill, had an injection, or spent fime in surgery. The
question is where do our medicines come from? Do we just find them growing on trees, or are they
made in advanced laboratories? Can | make a medicine for myselfe What is the medicine doing
inside of me?

This course aims to explain the connections between chemistry and biology by studying how
medicines are found and made, in order to understand the world around us. Using the University
format of learning, the course will prepare the student for a higher level of study, giving an advantage
in GCSE and A-level exams.

We will undertake a brief look at a subcellular organelle and its intimate relationship with heart disease.
In the following tutorial we study the lock and key model for enzymes and see how that applies to
chemicals and proteins. Some of the simple rules for making drugs will be explored, a practical
experiment in drug design will be attempted, and a final lesson on the different uses of light to see the
chemical binding of proteins, will provide the foundations for a student to understand drug
development.

Page | 4



| @B o(

paysiigoisa Auos|D

JOU §I JuswinBIo 8y}
SOUI}OWOS PUD U D}
uolIsod 10 MaIA Jo juiod
1082 D Jou s aley]

JuswnBbiIp sy} poddns

0} JUBJUOD JO SISAIDUD SWOS S9SN
SIXO}UOD JBYLO Ul S|pUOoIN}

8y} WwolJj s}Jdaduod Jo asn pajul]
PBJOIDOSSD

usag A|snolraid jou 8ADY Joy4
$109[gns Bupjul| JO 82UBPIAS PaHWIT
padojorsp

-lIM JOU INQ IDSID S| JuswNBlY
ADssa ay} Jo suod ul padojaasp
-lIlem s1 uonisod ay| “Iog|D
1DYMBWIOS S| Uolisanb 1o ajji} 8y} O}
UOI}DJa1 Ul UOIISOd IO M3IA JO juiod v

JuswnBbIo

oy} pJoddns 0} jusu0D SasApUY
A1B10IND2D SADMID Jou

1NQ “}X81UOD IDJIWDIUN UD Ul S|OUOIN}
By} WoJy s}dadu0D BWOS SasN
P3}DIDOSSD

usaq A|snolraid jou 8ADY 1Dy}
$109[gns Bupjul| JO 9DUBPIAS BUIOS
pauusn( st uoljisod pup ‘padojersp
H[®M pPUD JO3|D SI juswNBly

ADSsa sy} JO 1sow ul

padojaAsp-||om si uoiiisod ay] "I0s|D
Alaipnbapp s uolisanb 1o i} 8y} o}
UOI}DJa1 Ul UOKISOd IO M3IA JO julod v

Juswnbio ey} poddns

0} AJ9AI}O8}}8 PBSAIDUD S| JUSIUOD
*AUSPLUOD PUD A|BDINDDO0

0OS SOOP PUD X8}UOD IDILUDIUN UD
Ul S|PLUOYNE Y} Wl s)daduoDd sasn
P3JPIDOSSD USaQ

Alsnoiraid Jou aApY oy} s1oalgns
U9aM}aQ AISAIIDB}S SHUI| SOXOW
paulsni-lem puo padojeasp

-[Ilem Ajpuoidaoxs s juswnbly
ADssa oy} 1noyBNoIy} AJJUSISISUOD
pup AjeAlloale padojsasp

s uolisod ay] “I03|D A|JUSSISUOD
SI uolsanb 1o st 8y} 0} uolpial

ul uolisod 10 MaJA Jo julod v

oy

UMDIP 810 SUOISN|DUOD
ajpudoiddo

M®} 10 PasN Jou S| BIPJ
'Soap)

1oddns o} pasn Ajeiol
8ID $821N0Ss 8|qPIIddy
painqupo

JOU Ajisow pup

pajwWl| AIDA S| S|PLS}OW
PUD $82IN0S UOISN|DU|

SUOISNIOUOD/suolduwnsso

MDIP PUD S|

DOP SSAIOUD O} JdwaD UD S| BI8Y]
papiacid sipuUaipW PUoASq
Buipoal Jayny JO 9DUSPIAS PaIWI]
AIBUIDUIAUOD PUD ALDS|D SSWIL

10 ‘SDBPI/SUOIHBSSD/SWID|D ploddns
0} SUOIDIND|DD/2DUBPIASD S5
SO2PI /SWIDID By}

10} ©DUSPIAD SO [DUSIOW PS2INOS
J2YJ0 IO suoipionb ‘piop ‘sBuipuly
Y2105l JO $9DIN0S SUIOS SOPN|DU|

a1pudoiddo Ajjsow 8o payonal
210 JDY4 SUOISN|OUOD/sUodWINSSD
8y} pUD PasAIoUD S| PIDJ

paplAroid sjousjow

puUOASq Buippnal IBYLN} JO SDUSPIAT
AIBUIDUIAUOD puUD ANDSID AllSOW
‘SDBPI/SUOIHBSSD/SWIDID poddns

0} SUOIIDIND|DD/SDUBPIAS SOSM
SDSPI/SWIDID 8y} 10} 9DUSPIAS

SO |oUBOW PSDINOS JSYJ0 IO
suoipoNb ‘pIPP ‘sBulpul YDInasal
10 $821N0S a1pNbapPD sepPN|oU|

payonal
21D SUOISNIDUOD/suUoAdWNSSD
ajoudoiddo

PUD PaSAIOUD AjBAILDBYS SI DIDJ
INET0ele)

a1pudoiddo up ul pasn siem
UYoIym papiAoid sjpusiowl puoiaq
Buipoal Jayny 0 82USPIAT
AIBUIDUIAUOD

PUD AUDS|D AjJUSISISUOD
‘SDBPI/SUOIHBSSD/SWID[D poddns
0} SUOIIDINDIDD/2DUBPIAS SOSN
SDBPI/SWIOID BY4

10} ©DUSPIAD SD [DUSIOW PS2INOS
J9Y}0 10 suoipionb ‘viop ‘sbuipuly
U21035a1 JO $82IN0S YU SopN|ou|

00l/
SJOW

passaidxa s| soidoy sy}
JO Buipupnisiopun Moy
Ul UoISNJuoD S| a1ay]
JOUUDW JUDASIS)

D Ul 8j3}/uonsanb

a2y} o} paiddo jou

SID PasN S|DLBIOW PUD
papNDUl JUSIUOD By

(6¥7-0¥) pi€

ADSsso

By} JO SND0} 8y} 81D {PYL SaNSS|
Dl10ads 8y} O} Pap[aI BI0 PapPN|DUl
JUSLUOD PUD PasN [DLBIDW

Sy} MOY JO UoioDBIISN[ SWOoS
Al210IND2D pauldp PUD Pasn
SOUIJOWIOS 21D SULIB) [0D1UYDd9]
$I9Y}0 UO UOISNJUOD

|OUOISDDD0 JNQ $IA0} UDASIBI DY}
JO BWOS UO BuipupnisIopun PO09D
a|ui/uonsanb oyioads

2y} 0} pup d1doy} [pisusb sy}

O} UDASISI 2ID PBPN|DUI JUSIUOD
PUD P3SN SIPUBOW By} JO SWOS

(65-08) ¢'T

ADSSS By} JO SND0} By} D10 oY}
soNss| DlI0ads oy} Of pajplal 81D
PaPN|DUl JUSIUOD PUD PasN [DUS{OW
2y} Moy Jo uoipoyisnl ayonbapy
Al210IND2D pasn puo

pauULBP AIJSOW S0 SWIS} |0DIUYDS |
so1doy jupAs|al

ay} Jsow Jo Buipubjsiapun poos
a|l/uonsanb oloads

2y} 0} pup oidoy [pisusb sy}

O} JUDASISI 810 PBPN|DUI JUSIUOD
puUD PasN s|pUdS{PW 8y} JO JSOW

(69-09) L'z

JUSWIUBISSO 8y} JO SND0} By} 210
1oy} sanssi ol10ads ayy o} pab|al
S| PEPN|DU} JUSIUOD PUD |OUSIOW

Y} MOY 4O UoHDDYHSN[I08ID
noyBbnouy} AjgiInoo0 pasn

PUD PauleP 810 SWIS} [PDIUYDS]
'so1doy JUDAS|al

sy} ||0 10 BuipupisIEPUN POOD
alii/uolsenb

oloads ay; 0} pup oi1do}

|012USH By} O} JUDASISI SID Pasn
SIDLSOW PUD PBPN[DUI JUSJUOD IV

(001-0Z) sl

JuswnBlIo
uo BuldoAag

80UBpIAS
pUD YoInosay

Buipupisispun
pub abps|Mmouy

SIS

BupuIy} [0O1LD

abpamouy oslgns

sjuawubissp paspg-Apssy — 410Z WY DS MIDW SADMY}DJ 1un



b Dp(

(BAOQD DLBILD BY} LU0 SHIDW 9 8y} JO 8B0ISAD) JIDW [[0IBAQD

abonBup] [P2IUYDSE

1O 20| D }Ng AjpAIIOBS
AIDINQOD0A PUD
abonBup| aidwis Jo asn
sious uonpnound

puo JowwpI6

‘Buyeds jo Jlequinu
JUDDIIUBIS D 210 8I9Y]

abonBuD|

|JO2IUYD8} 85N 0} s3|66n1yS

INg AjaAl o8l AIDINQDDOA
pup abonBup| sldwis JO asn
MOJ|04

0} Aspa pup ajpudoiddp suoy
1092 Ajai0IpOoW SjALS BUIILIM
siols uoypnjound

Jo Jowwiplb ‘Bulieds swos

210INDDD SADM|D

JOU INQg ‘AID|D QOD0A pupD 8BPNBUD|
J021Uy28} Buisn o sjdwayio swos
MO||0} 0} AsDa pup apudoiddo
2U0} “ID3ID AllsSOW SJALS BUIILIM
slols uoypniound

JO JowwIRIB ‘Buyiads [ouwiuw

AIDINQDDOA

pup aboNBUD| |ODIUYDS}

JO BsN JUBJSISUOD PUD 8}DINDDY
MO||0} 0O} AsDa pup apudoiddo
SUO} IDSID A|JUBISISUOD SJALS BUILIM
slolls uoypniound

Jo Jowwiplb ‘Buyiads ON

Al210IN220

PO2USIS}aI JOU S| JIOM
pasiol syuiod

uIoW 8y} asuoWIWINS
1Oy} UoISN|DUOD

D SHO0| YoM By |
uolsenb ayy

10 2do2s oy} saysiiqise
1oyl uoyonpolul

up S3OD| YoM YL
pajussaid

SI JI0M By} MOY

ul 8IN1DNJIS JO 30| B

s 2oy} ing sydouboiod
ul pajuasald aIp spap|

SIOLIS |DUOISDDD0 YHM

1OWLIO} PaaIbo 2y} Ul A|}D2110D
PO2USIS}BI BID $92IN0S SWIOS
slolo

SWOS SUIDIUOD NG PB}ONISUOD
llom aip sydolb pup sa|go} SWOS
APD3ID sjulod uiow 8y} Jo

SWOS SaSUDWWNS UOISN|DUOD ay|
SoNss|

Sy} YiIMm [0ap |Im Liodal/Apsse

By} MOY SUOIUSW UOIIDNPOIIUL Y]
2IN}oNUIS O Ul paBupLD puo
sydoiboipd ul pajuasaid a1o soap|

1OWLIO} Pa3IBD UD Ul A|}O8.10D
Pa2UBIB}BI BID $92INOS JSOW
P3}ONISUOD

[IoMm 210 sydoib pup sa|gD} JSOW
AUD3ID sjulod upw 8y}

O JSOW SOSUDUWLINS UOISN|DUOD 8y
SONSSI DY} YLM [0SP

M Hodal1/ADSsa 8y} MOY S8qUOSSP
Alaipnbapn uodNPOIUL BY|
uswubisso

a2y} 1o} apudoiddo Ajjsow

SI JoY} 8INJoNUISs O Ul pabupuo puo
sydoiboind ul pajuasaid a1 spap)

1OWLIO} Pa3IB0 UD Ul A|}OS10D
pa2uUsIB}al 810 S9DINOS ||V

'SOIDDS PUD SHUN ‘sBuippay
a1pudoiddo Buipnoul PaioNIIsUOD
AlAILoao 2o sydoub pup sa|go]
Al9s12U0D PUD APPSO Sspul0d UIPW
Sy} IO SaSUDWIWNS UOISN|DUO0D ay]
SONSSI DY

UM [03P |IM Hodai/ADsse ay} moy
SOUIINO A0SO UOIDNPOIIUL 8y
uswubisso

oy} 10} apudoiddo si Joy;
21n}oNuys |P21B0] B Ul PaBupLD PUD
sydoiboind ul pajuasaid a1 spap)

$92INOS JO SN|DA
2y} ul juswsbobus
[ODHID O 00|

0 S 818y} PUD BINJOU Ul
oAl dIIDsap S| Ylom 8y

papIA0Id $82IN0S JO Ajlligolal 8y
uo sanbllId JO 8DUSPIAS PaYIWII]
pa
LIISN[/PBU0SDSI/D1DWSISAS/ HDIIAXS
SO} 10 21D Sjulod SADN|DAT
PaqLDSaP S| {OYM

1O 82UPDKIUBIS 10 BN|DA BY} JO
JUBUUSSSSSD [DWIUILL UM S8gLOsad

papiaoid $82IN0S JO AljIgoIa1

2y} Uo sanbijld JO 9DUSPIAS BWOS
po
LIISN[/PBUOSDaI/DDWSISAS/ HDIIAXS
Al$SOW 1D spulod SAIIDN|IDAT
pPaquIsaP SI IOYM JO 9DUDDIIUBIS
1O DN[DA DY} JO JUBLUSSISSD

BWOos JNg uoliduosap AJSOW

papIAr0Id $82IN0S

10 Aygolial ey senbid AjeAloel3
pa
LIISN[/PBuU0SDa1/D1HPWBLSAS/ HDIAXS
AIIUSISISUOD BID spulod SAIDN|DAT
PaqUDsaP I JOYM JO 92UDDIUBIS
10 BN[DA Y} JO JUSLUSSSSSD

up O} UoldUDSaP PUOASQ SOAOW

SIALS
pup sbonbup

uolplussaId
puL 2INIONIS

UoIIDN|OAS
[OOHLUD

UOIIDDIUNWILIOD UM




Baseline Assignment (essay based): Pupil Feedback Report

Name of Pupil
Name of School Oasis Academy Lord’s Hill

Name of RIS teacher DrT. Pearson
Title of Assignment Drug Literature Review

How your assignment is graded:

Ist 70+ Performing to an excellent standard at A-level
2:1 60-69 Performing tfo a good standard at A-level

2:2 50-59 Performing to an excellent standard at GCSE
3rd 40-49 Performing fo a good standard at GCSE
Working towards a pass 0-39 Performing below a good standard at GCSE
Did not submit DNS No assignment received by The Brilliant Club

Lateness

Any lateness 10 marks deducted

Some plagiarism 10 marks deducted

Moderate plagiarism 20 marks deducted

Extreme plagiarism Automatic fail
Marks

FINAL MARK / 100

including any deductions

OVERALL MARK / 100

FINAL GRADE

If marks have been deducted (e.g. late submission, plagiarism) the teacher should give an explanation in this section:

DEDUCTED MARKS

Mark Breakdown and Feedback

Knowledge and Understanding Research and Evidence
mark mark
Developing an Argument Critical Evaluation
mark mark
Structure and Presentation Language and Style
mark mark
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Final Assignment (essay based): Pupil Feedback Report

Name of Pupil

Name of School Oasis Academy Lord’s Hill

Name of RIS teacher DrT. Pearson

Title of Assignment Drug Development Brief

How your assignment is graded:

]st 70+ Performing to an excellent standard at A-level
2:1 60-69 Performing tfo a good standard at A-level
2:2 50-59 Performing to an excellent standard at GCSE
3rd 40-49 Performing fo a good standard at GCSE
Working towards a pass 0-39 Performing below a good standard at GCSE
Did not submit DNS No assignment received by The Brilliant Club
Any lateness 10 marks deducted
Some plagiarism 10 marks deducted
Moderate plagiarism 20 marks deducted
Extreme plagiarism Automatic fail

Marks

FINAL MARK / 100

(including any deductions)

OVERALL MARK / 100

DEDUCTED MARKS FINAL GRADE

If marks have been deducted (e.g. late submission, plagiarism) the teacher should give an explanation in this section:
Mark Breakdown and Feedback
Knowledge and Understanding Research and Evidence
mark mark
Developing an Argument Critical Evaluation
mark mark
Structure and Presentation Language and Style
mark mark
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Subject Vocabulary

Definition

The testing of how active a
biological protein or enzyme is.

In a sentence

We can discover how well proteases
that are found in the stomach

can work, in an activity assay.

Relating to the heart.

The heart is made from cardiac
tissue.

How well something works.

How good is paracetamol’s
efficacy?

Movement of particles in a fluid
when an electric current is
passed through.

Proteins can be separated by gel
electrophoresis.

Water loving.

Sugar is hydrophilic and can
dissolve in water.

Water hating.

Oil is hydrophobic and will not mix
with water.

Latin for “in life”.

The experiment was performed in
vivo.

The first chemical compounds to
be the starting point for a drug.

A lead compound for a new
painkiller was discovered in the
bark of a willow tree.

The powerhouse of the cell.

One of the cells organelles is the
mitochondria.

A cell’'s organs.

The nucleus is a cell organelle.

A virus, bacteria, parasite or
fungus that causes illness.

They were infected with a pathogen
and got sick.

Any chemical made with a
medicinal effect.

The pharmaceutical industry makes
medicines.

Where a drug goes in your body
and how long it stays there.

To understand how a drug works we
must first look at pharmacokinetics.

Measuring how light interacts
with chemicails.

We can use spectrometry to
measure how much light a
chemical can release.

A subdivision of an electron
orbital.

The electron orbitals 2,8,8,8 can be
divided into subshells; s, p and d.

Page |
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Tutorial 1 — Poisons, Medicines and Chemicals

What is the Purpose of Tutorial 1?

This tutorial will get you thinking about the relationship between chemicals and us. What is the
difference between poisons and medicines? Can substances normally classified as food, have a
medicinal benefit?

These questions are important to consider and by the end of this tutorial you will have a clear idea of
how we define these substances. You will also start to understand the first steps towards discovering
and designing medicines and learn some historically famous drugs and their discovery!

By the end of this tutorial you should be able to:
e Define what a drug is i.e. chemicals vs poisons vs food
e Define what a disease is, and comment on how medicines can treat virus, bacteria and non-
communicable diseases.
e Be able to explain where Lead Compounds are found.

Notes

Page



What is the definition of a chemical?

What is the definition of a poison?

What is the definition of a medicine?

What is the definition of food?

Use this space to glue in the cards used in the activity.

Page



Activity 2 - When Living Goes Wrong
In pairs discuss the answers to these questions.

What is a disease?

Can we hame any diseases?

Have you ever been sick and received medicine?

Can you remember the name of that medicine?

Is there a medicine for every disease and illness?

Is there money to be made from diseases?

In what ways can chemicals be discovered that become lead compounds for new medicines?

Page |
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Using the space below draw a mind map detailing the medicines that you know and their uses. This
mind map will be the basis for the baseline assignment.

Page



Tutorial glossary

Use this space to write down any words you have learned today

Definition

In a sentence

Notes

Page |
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Write 500 words on a drug /medicine of your choice explain its purpose, history, and target disease.

Use the mind map to help guide your essay.
In appendix 2 you will find a blank space, this is for sticking in a data set used to determine drug
efficacy. Do this once you've determined what drug you're researching.

Areas that would be worth including might be:
¢ Explanation of what makes something a drug, and not a poison
e The history of your drug
e The action of your drug
e The efficacy and success of the drug

Any other interesting points or arguments will be given bonus marks.
Success Criteria

A high-quality assignment will correctly use key phrases found in the glossary and indicate that you
can research and reference correctly.

Try to include 2 — 3 references, see appendix 1 for guidance on how to do this.
Give reasons and evidence to back up the points that you make. You might find the PEE structure
helpful:

e Point—make the key point clear

e Evidence - explain the evidence for the point

e Explanation — explain why your point is relevant and important

Organise your writing into paragraphs, include an introduction and conclusion.

Page



Tutorial 2 - The Shape of Drugs

What is the Purpose of Tutorial 2?

In this tutorial, we will recap some of the principles of drug design we discussed in tutorial 1. We will go
over the baseline assignment and discuss what went well, and look at how to improve on the next
assignment.

We will look at the covalent bond and see how the interaction of a medicine with a protein is
dependent on the shape of the chemical and not its reactivity.

By the end of this tutorial you should be able to:
e Recall a case study where a Lead Compound had been found
¢ lllustrate how covalent bonds build into drug shapes
e Define how drug shapes interact in the body e.g. Lock and Key Model

Activity 1 - Lead Compounds
Using the feedback from your baseline assignment, discuss in pairs the following questions.

What sources are used in the discovery of lead compounds?

How do medicines interact with the body?

What methodology do we use fo decide whether a medicine works or not?

Page | 16



Use this space to draw the functional groups and their equivalent organic shapes.

Displayed Functional Group

Name

Hy H,
C C
~ \ﬁ/ \CH3
2

Alkane

Shape

(0]

/

—=C

\

H

)

/

—0cC

OH

Amine

Primary Amide

Benzene
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Activity 3 - Lock and Key Model

Using functional groups. draw the correct “key” to fit the protein pocket shapes. An example is done
for you.

F I
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Tutorial glossary

Use this space to write down any words you have learned today

Definition

In a sentence

Notes

Page |
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When two compounds couple together, often water is released. This is called a condensation reaction
and is used in joining lots of different chemicals together including amino acids to form proteins, and
sugars to form carbohydrates.

Draw these compounds coupled together with an ester or amide bond. Successful completion of this
homework will see the compounds redrawn and coupled together releasing one H2O molecule. The
first one has been done for you.

O——O0

ﬁ
C

+ cHs
e ow HsC—NH, He” \H/

o)
_|_ o
OH OH
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Tutorial 3 — The Creature Inside your Cells

What is the Purpose of Tutorial 3?

In this tutorial we will start and look at the biology of animal cell, mitochondria and the events that
lead to damage in a heart attack.

By the end of this tutorial you should be able to:
e Draw an animal cell featuring some of its organelles namely:

mitochondria, nucleus, bilayer cell wall, channel proteins.
e Explain the role of the mitochondria in generating power for the cell.

e Answer University level questions on the behaviour of mitochondria during a heart attack -
reperfusion injury.

Page



Activity 1 - The Structure of an Animal Cell

30
ANIMAL CELL

ANIMAL CELL

CELL MEMBRANIE CENTRIOLE

NUCLEUS MICROTUBULEE

NUCLEAR ENVELOPE VACUOLE

NUCLEAR PORE LYSOSOME

NUCLEOLUS MICROBODY

CHROMATIN MICROFILAMENT
NUCLEAR SAP RIBOSOME

CYTORPLASM ENDOPLASMIC RETICULUM
MITOCHONDRION HYALOPLASM

GOLGI COMPLEX
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Mitochondria produce the energy for the cell. In pairs, discuss about what you think the body uses for
energy.

Complete the word equation for the production of ATP.

(ADP)+___ ——» Adenosine Triphosphate ( ) +

The structure of ATP can be found below, annotate the diagram labelling the components.

H,N
=N
0 0 o) N \
o |l I I Q /
O—P—O—T—O—P—O N N
00 g0 g0 o)
HO OH

Below is a partially filled diagram of the electron transport chain. Fill in the rest of the diagram using the
information given on the screen.

TN AN

Page



What are the risk factors that lead towards cardiovascular disease?

Detail step-by-step the stages of a heart attack.

What is the behaviour of mitochondria during a heart attack?

Define the term 'free radical’.

Draw a diagram of a heart attack and show how a stent is used to restore blood flow to the heart.

Page



Tutorial glossary

Use this space to write down any words you have learned today

Definition

In a sentence

Notes

Page |
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For this homework, draw the stages of a heart attack and how it leads to reperfusion injury. Put the
information you discover into a poster with images.

A successful poster will feature sections on risk factors for heart disease, the role of the mitochondria in
a heart attack, and how reperfusion injury causes damage to the heart.

Page



Tutorial 4 - Glow in the Dark Drugs

What is the Purpose of Tutorial 4?

This tutorial is an opportunity to engage in University level practical work. We will attempt to couple a
fluorescent marker (fluorophore) to a new lead compound called Risoxitam. This drug-fluorophore
compound has been incubated with a tissue sample and we will analyse how much of the drug has
bound to the cell targets.

We will then look at gel electrophoresis and mass spectrometry to analyse proteins that have
interacted with Risoxitam.

By the end of this tutorial you should be able to:

e Describe how some commonly used biomedical techniques can be used in the synthesis of
new drugs.

o Gel electrophoresis
o Mass spectrometry

o Activity Assay

e Perform organic synthesis reactions.
e Explain how fluorescence can be used to identify cellular components.

Page



This activity is a practical experiment where you will attempt to couple a new lead compound to a
fluorescent marker.

Write the chemical equation.

Next, detail the glassware to be used and draw the image of the set up.

Equipment

What are the associated hazards and which precautions need to be taken?
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Activity 2 — Gel Electrophoresis Analysis

Below is an example of a 2D gel electrophoresis blot. Two spots are fluorescent and have been
isolated for you.
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Draw the locations of the fluorescent spots on the left gel image.

Why do you think only one spot is easy to locate on the left gel?

Why does spot A disappear when all the proteins are stained?

Spot B is picked out, and the proteins are extracted. This exfracted mixture is then injected into a mass
spectrometer and the weight is revealed. Look at the spectrum below and idenfify the protein using
the data in appendix 5.

Mass Spectra Taken from Spot B
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Intensity

0 20000 40000 60000 80000 100000 120000
Mass
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Activity 3 — Activity Assay

An activity assay is used to determine how active a drug is within a target. This can be measured in
almost anything: protein, enzyme, cell, tissue or living organisms. You are given a tissue sample that has
been incubated with the fluorophore coupled to Risoxitam. You need to determine how much of the
drug has bound to the tissue sample. This will be done with spectroscopic measurements to see how
brightly the sample fluoresces.

Outline the method below.

Use this blank table to record your results.

Calibration Concentration Tissue Sample Intensity A.U.
mg/mil
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Tutorial glossary

Use this space to write down any words you have learned today

Definition

In a sentence

Notes
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Process the spectroscopic data received in this futorial into a calibration graph. This should be done
with Excel or another graph drawing program e.g. Google sheets.

Use the graph to find the equation of the line in the format of y = mx + ¢ and use it to determine the
concenfration of the drug bound to the fissue sample.

Note that the equation will have to be rearranged in order to do this!

Success Criteria

1.
2.
3

4.

A clearly and correctly labelled graph.

The equation of the graph and the R2 value clearly shown.

A trendline that demonstrates an increase in fluorescence proportional to the concentration of
the fluorescent drug.

Graph processed with either Excel or another graph drawing process. (If you need help with
this, | can show you in breaks or after school BEFORE the deadline).

Use the space below to write step-by-step instructions on rearranging y = mx + ¢ and how to use MS

Excel.
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Tutorial 5 - How We Know Our Medicines Work

What is the Purpose of Tutorial 5?7

Throughout this tutorial series we have looked at medicines, how they are designed, and even
attempted a practical experiment to determine the efficacy of a new drug that will hopefully make it
to market as a heart attack preventative.

Before we can move on to the final assessment it is worth considering how our drugs fluoresced. We
need to understand the physics of light emission from electrons. In activity 1 we will study the emission
of light from fluorescent chemicals.

Once scientists know a drug might work, the lead compound can move onto preclinical trials. This is a
key area of knowledge that we will study.

By the end of this tutorial you should be able to:

e Communicate about how chemicals can emit light as fluorescence
e Write a high-level answer for the process of drug design in vivo and preclinical frials.
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Activity 1 - The Jablonski Diagram

Electron Subshells

This image shows the areas around an atom that electrons like to move around in. How do electrons
behave when they are excited with excess energy?

s electrons

p electrons

d electrons

Use this space below to label the Jablonski diagram showing how electrons behave once excited.

A

A
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The following questions are common GCSE exam questions about drug trials. We shall be looking af the
answers to these questions throughout this activity.

1. What are the steps to getting a drug to market?

2. New drugs must be tested and trialled before being used. What are new drugs tested onin a
laboratory?

3. Why isit important that a drug is trialled before being given to patientse

4. What is a double-blind frial and why is it used?
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Activity 3 = Mind Map and Planning for Final Assessment
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Tutorial glossary

Use this space to write down any words you have learned today

Definition

In a sentence

Notes

Page |

38



Write a 2000-word essay on the new cardioprotective drug we experimented on in tutorial 4. Use the
lab report template in appendix 3 as your guide.

Include details of:

The availability of the lead compound. Where does the lead come from?2 Can it be harvested,
or will it be made synthetically in a lab?

What you have discovered about the efficacy of the drug, how well does it bind to its target?
Include a “further work” section detailing further biological assays and chemical tests you can
perform to determine the drugs pharmacokinetics and efficacy.

What are the clinical frials this drug would then go through assuming it is successful in preclinical
trialse

An essay at a 1st class pass level will meet the following success criteria:

use correct phrases and keywords from the glossary.

plot and analyse data sets processed in tutorial 4.

reference the techniques to outside resources.

use the lab report format correctly.

include an evaluation of suitable techniques, with clear justification and reasoning.
give a conclusion that comments on the efficacy on the drug.

use of SPAG correctly.

Appendix 3 includes details and a guide about what your essay will look like. For an example of
technical writing see appendix 7.
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Tutorial 6 - Feedback tutorial

STOP

LISTEN

YOU'RE GETTING

FEEDBACK

What is the Purpose of Tutorial 6?

¢ Toreceive feedback on your final assignment
¢ Torespond to the feedback from your Uni Pathways teacher
e To write targets for improvement on your final assignment

Final assignment feedback from your Uni Pathways Teacher

(Remember to look at the mark scheme to help you understand what you have done well so far, and how
you can do even better in your final assignment)

Here are three things that my Uni Pathways Teacher thought | did well in my draft assignment

Here are three things that my Uni Pathways Teacher thinks that | could do to get a higher mark in my
final assignment
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Tasks from my Uni Pathways Teacher to do during the feedback tutorial to help me improve

My response:

Actions | will take to improve my final assignment after this tutorial...

Hand in date for my final assignment:
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Tutorial 7 - Final tutorial
.
-
—1
AlA

w™

What is the Purpose of Tutorial 7?

e Toreceive feedback and a grade on your final assignment.
¢ Toreflect on the programme including what you enjoyed and what was challenging.
e To ask any questions you may have about university.

Final assignment feedback from my Uni Pathways Teacher

Final mark: University style grade:

Feedback: Here are three things that my Uni Pathways teacher thought | did well in my final
assignment

Here are three things that my Uni Pathways teacher thinks | should remember for when | am doing this
kind of study in the future
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University

What questions do you sfill have about University after taking part in Uni Pathways?

Reflecting on Uni Pathways

What did you most enjoy about Uni Pathways?

et eliel yiow finel ehsllenging elaeur ine How did you overcome these challenges?

programme?
[} [ )
[ ] [ ]
[ ] [ ]
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Appendix 1 - Referencing correctly

When you get to university, you will need to include references in the assignments that you write. This is
really important, because it will help you to avoid plagiarism. Plagiarism is when you take someone else’s
work or ideas and pass them off as your own. Whether plagiarism is deliberate or accidental, the
consequences can be severe. In order to avoid losing marks in your final assignment, or even failing, you
must be careful to reference your sources correctly.

What is a reference?

A reference is just a note in your assignment which says if you have referred to, or been influenced by,
another source such as book, website or article. For example, if you use the internet to research a
particular subject, and you want to include a specific piece of information from this welbsite, you will
need to reference it.

Why should | reference?
Referencing is important in your work for the following reasons:

It gives credit to the authors of any sources you have referred to or been influenced by.
It supports the arguments you make in your assignments.

It demonstrates the variety of sources you have used.

It helps to prevent you losing marks, or failing, due to plagiarism.

When should | use a reference?
You should use a reference when you:

¢ Quote directly from another source.
¢ Summarise or rephrase another piece of work.
¢ Include a specific statistic or fact from a source.

How do | reference?

There are a number of different ways of referencing, and these often vary depending on what subject
you are studying. The most important thing is to be consistent. This means that you need to stick to the
same system throughout your whole assignment. Here is a basic system of referencing that you can use,
which consists of the following two parts:

1. A marker in your assignment: After you have used areference in your assignment (you have read
something and included it in your work as a quote, or re-written it your own words) you should
mark this in your text with a number, e.g. [1]. The next time you use a reference you should use
the next number, e.g. [2].

2. Bibliography: This is just a list of the references you have used in your assignment. In the
bibliography, you list your references by the numbers you have used and include as much
information as you have about the reference. The list below gives what should be included for
different sources.

a. Websites — Author (if possible), title of the web page, website address, [date you accessed
it, in square brackets].

Eg. Dan Snow, ‘How did so many soldiers survive the trenches?’,

http://www.bbc.co.uk/guides/z3kgjxs#zg2dtfr [11 July 2014].

b. Books— Author, date published, title of book (initalics), pages where the information came
from.

E.g. S. Dubner and S. Levitt, (2006) Freakonomics, 7-9.

c. Atricles — Author, 'title of the article’ (with quotation marks), where the article comes from
(newspaper, journal etc.), date of the article.

E.9. Maev Kennedy, ‘The lights to go out across the UK to mark First World War's centenary’,
Guardian, 10 July 2014.
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Appendix 3 - Example Layout of Lab Report

Example title Candidates name Date of Experiment

Example Title of the Experiment

1.0 Introduction
[Background on the information, where the compound has been discovered, applications (disease treated), etc...]

2.0 Aims and Objectives
[What you intend to determine in this experiment, hypothesis - what do you expect to happen?]

3.0 Experimental
[Main title to contain the next sub titles below.]

3.1 Hazards Risks
[Give a brief summary of the experiment’s risks]

3.2 Method
[Example method]

3.3 Results
[Any data, numerical processing and images from your experiment]

3.4 Discussion
[Accuracy of the experiment, problems you had and ways of overcoming them]

4.0 Conclusion
[Evaluate whether you achieved what you intended to achieve as stated in your introduction and include a brief
summary.]

4.1 Further Work
[What other experiments and assays could you do to prove the drugs’ efficacy? Is this drug worth taking into clinical trials?

What are those trials?]

5.0 References
[information to answer questions and method and where you found it]
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Appendix 5 - Protein Data

Entry Name Protein Name Organism Mass
DWORF_HUMAN Sarcoplasmic/endoplasmic reticulum Homo sapiens (Human) 3,836
calcium ATPase regulator
BAGE5 HUMAN | B melanoma antigen 5 Homo sapiens (Human) 4,711
MLN_HUMAN Myoregulin Homo sapiens (Human) 5,194
PRCD_HUMAN | Photoreceptor disk component PRCD Homo sapiens (Human) 6,007
RPAB4_HUMAN | DNA-directed RNA polymerases |, I, and | Homo sapiens (Human) 7.004
lll subunit RPABC4
TM14A_HUMAN | Transmembrane protein 14A Homo sapiens (Human) 10,712
ATIFT_HUMAN ATPase inhibitor, mitochondrial Homo sapiens (Human) 12,249
IGFL1_HUMAN Insulin growth factor Homo sapiens (Human) 12,363
BNIP3_MOUSE BCL2/adenovirus E1B 19 kDa protein- Mus musculus (Mouse) 20,978
interacting protein 3
CANB1_HUMAN | Calcineurin subunit B type 1 Homo sapiens (Human) 19,300
B2CL2_HUMAN | Bcl-2-like protein 2 Homo sapiens (Human) 20,746
CD7_HUMAN T-cell antigen CD7 Homo sapiens (Human) 25,409
BPIA5S_MOUSE BPI fold-containing family A member 5 Mus musculus (Mouse) 29,175
CA074_ HUMAN | UPFO739 protein Clorf74 Homo sapiens (Human) 29,561
CCDC3_MOUSE | Coiled-coil domain-containing protein 3 Mus musculus (Mouse) 31,093
CDX2_MOUSE Homeobox protein CDX-2 Mus musculus (Mouse) 33,476
AUHM_HUMAN | Methylglutaconyl-CoA hydratase, Homo sapiens (Human) 35,609
mitochondrial
ANKUB_HUMAN | Protein ANKUBI Homo sapiens (Human) 56,600
ARHGG_HUMAN | Rho guanine nucleotide exchange Homo sapiens (Human) 80,105

factor 16
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Appendix 7 - Example of Technical Writing

1,3,5-Trisubstituted benzenes as fluorescent

Cre this: Chemn, Commun, 2013,

Sl capturet

Rescelwed 15th Novernber 2012,
Accepted 17th January 2013

DOE 1010393382511

www.rsc.org/chemcomm

The synthesis of small molecule based 1,3,5-trisubstituted ben-
zenes for photo-mediated capture of human carbonic anhydrase Il
with visualisation by fluorescence is described.

The 'capture’ of proteins by small molecules via irreversible
cross-linking mediated by phote-irradiation is of interest in the
field of proteomics (for reviews see ref. 1). The technique has
the potential for profiling protein-binding by small molecules,
an ohjective of importance both for basie cell biology and in
pharmaceutical science, Capture compounds, or photoaffinity
probes, are typically endowed with three functions comprising
(i) a selectivity function, such as an enzyme inhibitor, (i) a
photo-cross linking group (capture function) and (iii) a sorting
group to enable separation of the captured protein from
biological mixtures, such as biotin or an alkyne for subsequent
muodification. The captured protein(s) can be isolated using
streptavidin beads and identified by mass spectrometry or
Western blotting (for examples see ref, 2), We are interested
in developing methods for protein capture and visualisation
without necessitating an isolation or chemical conjugation step
(Fig. 1)."

Various ‘tripodal’ molecules have been employed for protein
capture by small molecules, for example amino acids, peptides
and trisubstituted aromatics including 1,2,4-trisubstituted
benzene derivatives,” However, there are few examples of the
use of 1,3,5-trisubstituted benzenes for this purpose.” Here
we report that 5-amino dimethylisophthalate can be readily
maodified to produce compounds (1, 2) suitable for fluorescence
based monitoring of protein capture (Fig. 2) as exemplified by

" Department of Chemistey, fndian stitute of Technoloegy, Kharagpur 721302,
India. H-mail: absh@helom. iithgp. ernelin; Foe: +81 1229 282558
Tl H0F 2222 IR0
* Department of Biotechnology, mdian Institute of Technology, Kharagpur 721302,
India
" Department of Chemisiry, Chemisiry Research Laboratory, University of Oxford,
12 Mangfleld Road, Oxford, OXT TTA, UK
1 Electromic supplementary information (E51) mvailable; Experimental procedure,
eompound charmeterization, eopies of NME, inhibition kineties, ES1 and MALDE
TOF MS. See DR 1001039 eSechd2511

1930 | Chemn. Cormymun. 2013, 49, 1930-1932

photoaffinity probes for human carbonic anhydrase Il

Partha Sarathi Addy," Baisakhee Saha,” N. D. Pradeep Singh,” Amit K. Das,*"
Jacob T. Bush," Clarisse Lejeune,” Christopher J. Schofield*® and Amit Basak*"
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Fig. 1 Working principle of fhuofescence based visualisation of captire.
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work on human carbonic anhydrases (HCA), increases in the
level of some isoforms of which are indicative of discases
including those related to hypoxia (CA 1X).

We employed two sulphonamide derivatives that are known
inhibitors for human carbonic anhydrase 11 (HCA 11 as the
selectivity function.,” An aryl azide was chosen for photo-
mediated cross-linking due to its ability to react irreversibly
via nitrene formation.”® A propargylated pyrene derivative was
selected as a fluorescent visualisation function,

= Crous lEnkirg fume tion

Z = Vualizatian hm-:unﬂ

Fig. 2 Design of capiture compounds,

This jeurnal s © The Royal Sockety of Chemistry 2013

Page |

49



Communication

&o

™ 7an
MeQOC HOOC
XC Mo~ N
i KO\?D a " n"\'u
COOM e Q O e .
\ oo Cy

n’\"‘ %

nunn
‘\)1’0 ks
Goon

Q

Scheme 1 Synthesk of capture compounds 1 and 2 Reagents and  conditions
() pazdobenzoic add, BOPreagent, dilsopropylethylamine (DIPEA), CH,Cly refhux,
24 I (b) NaOH, MeOH, 50 "C, 3 k; (¢) Mono BOC protected ethylenedlamine, BOP
reagent, DIPEA, CH,Cly, 40 °C, 48 hy; (d) (1) CFCOH, CHCL, 0 °C - rt, 20 min (1) acid 3,
BOP-reagent, DIPEA, CH,C, : DMF (5 1), i1, 20 by (e) NaOH, MeOH, 50 °C, 6 h; (f)
A aminomethyl benzenesulfonamide, BOP reagent, DIPEA, CHC, - DMEF (S £ 1), 40 °C,
A8 K (g) K,€0, 2 chloro N-(4-sulfamoyiphenyllacetamide 10, dry DMF, rt, 20 h

It was envisioned that the three groups could be attached to
S-amino dimethyl isophthalate acting as a tripodal template, A polar
linker (diamino ethylene) was introduced between the visualisation
group and the template in order to distance the former from the
other two groups and to increase hydrophilicity (Fig. 2).

The synthesis started with BOP-mediated amide coupling
with 4-azidobenzoic acid to link the cross-linking function to
amino dimethyl isophthalate 4. The product, 5, was hydrolysed
(NaOH) to give acid 6. Subsequent coupling of 6 with mono-Boe
protected ethylenediamine afforded amide 7. Deprotection
(CF,CO,H) followed by coupling of the resultant amine with
acid 3 gave amide 8, the ester of which was hydrolysed (NaOH).
The resultant free acid 9 was coupled with 4-aminomethyl-
benzenesulfonamide to furnish the capture compound, 1.
Reaction of 8 with chloro sulphonamide 10 using potassium
carbonate in DMF produced the other capture compound 2
(Scheme 1).” The fluorescent tag 3 was prepared from 1-bromo-
pyrene via a 3-step protocol (see ESIT).

We then investigated the inhibition of HCA 11 by 1 and 2. Both
were found to be reversible (competitive) inhibitors with compound
2 showing stronger inhibition (1G5 1 = 16,7 pM, 2 = 1.2 uM, for
kinetic plots see ESI). The issue of suitability of the template for
the proposed capture compounds and the efficacy of the fluores-
cence based technique for visualising protein capture was then
addressed. Thus, 1 and 2 were incubated with HCA 11 at various
concentrations (15 min), irradiated (UV 4 = 300 nm, 7 min) and
then directly subjected to polyucrylamldc gel electrophoresis
(PAGE)."" Exposure of the gel to UV-transillumination showed clear
fluorescence bands at the expected region, which was further
confirmed by Coomassie blue staining (Fig. 3).

The results validate compounds 1 and 2 as fluorescent capture
compounds for HCA IL Capture is visible by in gel analysis under a

This lournal Is © The Roval Socletv of Chemistry 2013
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Fig. 3 Result of gel dlectrophoresis analysis of capture of HCA Il by 1 and 2 at
different protein concentrations, as visualised by UV (left) and Coomassie blue
(right). Lanes 1-5 represent incubation with 1 (100 uM), lanes 6-10 represent
Incubation with 2 (100 pM). The final concentration of protein in lanes 1-5 and
6-10 was 4, 6, 8, 20 and 40 pM, respectively, HEPES butfer (pH 7.2) was used
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Fig. 4 Results of gel electrophoresis analysis of capture of HCA IHin a mixture by
1 and 2 visualised using UV (left) and Coomassie blue (right). Lane 1: mixture of
BSA, HCA 1l and lysozyme (all at 21 pM), lane 2: protein mixture (21 uM) + 1
(50 pM) with irradiation, lane 3: protein mixture (21 pM) + 2 (50 uM) with
irradiation, lane 4: molecular welght marker, HEPES butfer (pH 7 2) was used

UV-ransilluminator down to HCA 11 concentrations of 4 pM, with
the concentration of the capture compounds at 50 pM.,

We then investigated the selectivity of the probes. The process
of incubation and photolysis was carried with a mixture of proteins
Le. HCA 11, bovine serum albumin (BSA) and lysozyme. Under UV-
transilluminator, only the fluorescence band corresponding to
HCA 11 was visible, whereas Coomassie blue staining of the same
gel showed bands corresponding to the three proteins (Fig, 4).

The experiment was repeated with cell lysates of E. coli
where the selective capturing of HCA 11 was clearly apparent
by PAGE (Fig. 5). Thus, both 1 and 2 showed high selectivity
towards HCA 11 demonstrating the suitability of our 1,3,5-
trisubstituted benzene template for capture and subsequent
fluorescence-based visualisation,

The capture of HCA 11 by both compounds 1 and 2 was validated
by MALDI mass spectrometric analyses. Thus, the incubated photo-
reacted mixture was directly analysed using a MALDI-TOF mass
spectrometer which revealed a new peak at m/z 29919.24 (1) or
29964.05 (2) corresponding to [(M' (HCA 11) + (1 or 2) -N, + H')]

1 2 3 1 2 3

Fig. 5 Gel electrophoresis of capture of HCA I from a cell lysate by 1 and 2
visualised using UV (left) and Coomassie blue (right). Lanes 1:05 mg cell + 1 (10 pul,
1. mM) + 90 ul buffer (HEPES); 2: 0.5 mg cell + 2 (10 pl, 1TmM) + 90 pl buffer, 3:
05 mg cell + 100 pl buffer

Chemn. Commun.. 2013 49. 1930-1932 | 1931
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Fig. & MALDI spectra: (1) miktuse of HEA 1L, BSA and lysoryme + 2, incubated
and photo-reacted, (1) expanded spectium

(see ESI|). The mass spectrum of the incubated photo-reacted
mixture containing three proteing showed the peak corre
sponding to capture of HCA 11 anly (Fig. 6 for capture by 2;
see BSI] for 1),"

In conclusion, we have described two readily accessible
small molecule probes, 1 and 2, for selective capture of HCA
Il wig photo-irradiation allowing fluorescent visualisation, The
ability of S-amino dimethyl isophthalate to act as o tripodal
template for capture molecule design was demonstrated. We
believe that 1,3,5 trisubstituted benzene based photo-reactive
probes coupled with fluorescence based visualisation offer a
simple and effective method for protein eapture, which should
be of utility in evaluating drug toxicity by studying their offtarget
interactions, inhibitor design and early disease diagnosis,

We thank the Leverhulme Trust, UK, for support to CJS and
AB. PSA is grateful to CSIR, Government of India (Gol), for a
research fellowship, BS is grateful to DST, Gol, for her Young
Scientist Rescarch Fellowship, €S, CL and JTB were funded by
the Welcome trust, CRUK, Pfizer and the EPSRC,
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