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20.320 Exam 1 
Thursday October 4th 

9:35-10:55 
� 
� 

Instructions:� 

0. Write your name of the front cover of the blue book. 

 

1. Answer all questions in the blue books. This exam paper will not be graded. 

 

2. All questions can be answered in at most a few sentences.  We will deduct 
points for excessively long replies, even if they contain the right answer. 

 

3. State all assumptions for each problem. 

 

4. In order to pace yourself please note that the maximum possible score on 
this exam is 100 - note that there are 4 total questions.  
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Question 1. (25 points total) 


Xaomodomanns�aae�oaotenn�domanns�that�bnnd�to�anetyeated�eysnnes�osnmneaa�to� 
xH2pohosohotyaosnne�nnteaantnonsDD��Qay�Xaadnea�at�Haaaaad�has�aenentey� 
deaeeooed�Q1p1m�a�neeepoeameabee�smaee�moeengee�omassm�lm2�gumoeD�that�bnnds� 
and�nnhnbnts�a�sgbset�of�baomodomannsD��bn�the�eabm�yog�woged�enee�to�deteamnne� 
the�affnnnty�between�Q1p1�and�Xadn�omassm�2mml)m�gumoeDm�yoga�baomodomann�of� 
nhonneD��� 

AD o9�oonntsD�Xesngn�an�xpe�emoeanment�to�ygantnfy�the�nnteaantnon�affnnnty 

between�Q11�and�Xadnm�nnnegdnng�oaooea�nontaoes�and�whnnh�moeengee�ns� 
nmmobnenzedD��ehe�detanes�of�emantey�how�xpe�woaes�aae�not�nantnnae�to� 
answea�thns�ygestnonD�Qgstnfy�yoga�nmmobnenzatnon�seeentnon�by�naengeatnng 

the�ngmbea�of�naotgaed�moeengees�needed�to�obtann�a�1c�ev�sngnae�nhange� 
nn�both�nonfnggaatnonsD��ototem��assgme�a�1c�mm2 �nhno�sgafane�aaeaDD� 

eo�mamnmnze�the�sngnae�obtanned�wnth�eanh�oaotenn�bnndnng�eaentm�we�want�to� 
nmmobnenze�the�enghtea�oaotenn�oQ1p1D�on�the�sgafaneD�Xganng�the�xpe�emoeanmentm� 
we�then�feow�soegtnon�nontannnng�the�eaagea�oaotenn�oaea�the�oeate�and�measgae� 
the�ev�asD�tnme�oaofneeD� 

One�nmooatant�nontaoe�ns�to�agn�soegtnon�nontannnng�the�eaagea�oaotenn�oaea�a�oeate� 
that�doesntt�haae�any�nmmobnenzed�oaotennD�Changes�nn�ev�dganng�thns�nontaoe�may� 
nndnnate�ootentnae�nonpsoennfnn�bnndnngD� 

Anothea�nmooatant�nontaoe�ns�to�agn�the�emoeanment�mgetnoee�tnmes�gsnng�dnffeaent� 
engand�nonnentaatnonsD�ehe�aesgets�between�these�emoeanments�shoged�be� 
nonsnstentD� 

bmmobnenze�XeXn 

bmmobnenze� 

Ceeaaeym�by�nmmobnenznng�Q1p1m�we�need�faa�fewea�bnndnng�eaents�to�obtann�a�1cev� 
shnft�and�thgs�nt�ns�the�eognnae�nhonneD 
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XD o1c�oonntsD�vnaen�the�foeeownng�oaaameteasm� 

eon ���lm1cm ���moep1� sp1 

eoff� ��mm1cp2� sp1 

How�eong�wnee�nt�taee�to�nomoeete�the�emoeanment�gsnng�a�engand� 
nonnentaatnon�of�2cc�m�1cp9Mm�assgmnng�the�assonnatnon�aeanhes�9ca� of�nts� 
eygnenbangm�aaege�befoae�engand�stoos�and�9ca�of�the�assonnated�engand� 
dnssonnates�by�the�end�of�the�emoeanment�� 

ehe�tnme�aeygnaed�ns�nomoosed�of�the�assonnatnon�tnmem� m�and�the�dnssonnatnon� 
tnmem� D� 

Foa�the�assonnatnon�ohasem� 

Foa�the�dnssonnatnon�ohasem�
 

tote�that� �noaaesoonds�to�the�aaege�of� �aftea�the�assonnatnon�ohase�ns� 
teamnnatedm�not�the�antgae�eygnenbangm�evD�vndeastandnng�the�deanaatnon�foa� 
was�antae�foa�gndeastandnng�thns�oonntD�� 

eheaefoaem�the�totae�tnme�ns� 
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CD	 �ol�oonntsD�Aethoggh�xpe�ns�a�aeay�ooweafge�aooaoanhm�nt�does�haae�some� 
enmntatnonsD��paoande�two�enmntatnons�and�desnanbe�how�yog�woged�enow�that� 
they�aae�affentnng�yoga�measgaementsD 

1D Mgst�nmmobnenze�engand�on�sgafaneD�Attanhment�nan�affent�nhemnstaym�sgnh� 
as�beonenng�the�bnndnng�snteD�uog�woged�enow�benagse�yog�woged�not 
obseaae�any�bnndnng�eaen�when�yog�woged�emoent�toD� 

2D Kd �mgst�be�between�1cpm �and�1cp12 �MD�uog�woged�enow�benagse�beeow�1cp12 

yog�woged�see�neaaey�nnstantaneogs�bnndnng�and�no�dnssonnatnonD�Aboae�1cpm 

yog�woged�neaea�get�any�bnndnngD�� 
lD tonpsoennfnn�bnndnng�nan�eead�to�soganogs�aesgetsD�uog�noged�see� 

gnaeasonabee�aaeges�of�KdD�uog�noged�agn�a�nontaoe�wnth�the�engand�soegtnon� 
befoae�nmmobnenznng�the�oaotenn�on�the�sgafane�to�see�nf�any�bnndnng�onngasD� 
ehns�bnndnng�woged�then�nndnnate�ootentnaeey�soganogs�bnndnngD� 
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Question 2. (25 points total) 


Oaeaemoaessnon�oa�mgtatnon�of�the�Rondeamae�vaowth�Fantoa�eeneotoa�oRvFeD�has� 
been�assonnated�wnth�a�baoad�aange�of�nanneasD��As�dnsngssedm�theae�aae�many� 
nomoannes�that�haae�deaeeooed�moeengeaaeyptaageted�theaaoegtnnsm�and�seaeaae�of� 
these�nomoognds�aae�Aep�anaeogs�desngned�to�nnhnbnt�RvFeD��One�of�these� 
nomoogndsm�vefntnnnbm�ns�ngaaentey�aooaoaed�foa�egng�nannea�oatnents�wnth�hngh� 
RvFe�emoaessnon�oa�wnth�seeented�antnaatnng�mgtatnons�nn�RvFeD��Km�foa�the�RvFep 
Aep�nnteaantnon�ns�)cm1cpl �Mm�enat�foa�RvFepAep�ns�1cl �senp1m�and�Kn �foa�the�RvFep 
vefntnnnb�nnteaantnon�ns�22�m1cp9MD��Aep�nonnentaatnon�nn�the�neee�ns�l�m1cplMD������ 

aD o1c�oonntsD�Xge�to�dosepenmntnng�tomnnntym�the�nntaaneeegeaa�nonnentaatnon�of� 
vefntnnnb�ns�enmnted�to�1ccm1cp9MD��How�effentnae�ns�thns�dose�at�shgttnng� 
down�RvFe�antnanty�� 

We�nan�gse�the�aeggeaa�MM�eygatnon�and�the�MM�eygatnon�wnth�a�nomoetntnae� 
nnhnbntoa�to�deteamnne�the�aedgntnon�nn�aeantnon�aate�as�foeeowsm 

ehns�means�that�the�aate�of�the�aeantnon�WbeH�the�nnhnbntoa�ns�9la�that�of�the� 
aeantnon�WbeHOve�the�nnhnbntoaD�a�bnhnbntnon�ns�gnaen�by�1pcD9lD�eheaefoaem�nt�oney� 
aedgnes�the�aate�by�aogghey�lD9ma� 

bD om�oonntsD�How�mgnh�does�RvFe�nnhnbntnon�nhange�nn�neees�emoaessnng�1cl 

noones�of�RvFe�aeasgs�neees�emoaessnng�1cm �noones�of�RvFe�� 
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ehe�eygatnon�foa�anua�ns�not�deoendent�on�the�enzyme�nonnentaatnonm�so�the� 
oeanent�nnhnbntnon�ns�the�same�foa�both�1cm �and�1clD�Howeaeam�the�totae�ngmbea�of� 
nnhnbnted�aeneotoas�ns�dnffeaentD� 

1cmm��cc�aeneotoas�nnhnbnted� 

1clm��cmccc�aeneotoas�nnhnbnted�o1cc�foed�nhangeD� 

nD om�oonntsD�Why�ns�a�staong�nnnaease�nn�emoaessnon�of�RvFe�often�assonnated� 
wnth�nanneam�eaen�nn�the�absenne�of�engand�stnmgeatnon�� 

ehe�nnnaease�nn�the�ngmbea�of�oaotenns�aeeows�the�oaotenns�nn�the�neee �to�samoee� 
moae�nonfoamatnonsD�ehgsm�moae�RvFe�aeneotoas�soontaneogsey�ooen�thena�antnae� 
snte�and�aeeow�Aep�to�entea�eaen�nn�the�absenne�of�the�antnaatnng�engandD�As�a� 
aesgetm�these�neees�aae�moae�oaone�to�dnmeanznng�and�antnaatnng�the�RvFe�oathway� 
and�nts�assonnated�antnpaooototnn�and�oaopsgaanaae�oaognosnsD� 

Othea�answeas�anneoted�nnnegded�aefeaennes�to�RvFe�antnaatnng�mgtatnonsm� 
aeteaed�aoee�of�feedbane�nn�nannea�sgnh�that�moae�and�moae�aeneotoa�ns�geneaatedm� 
etnD�xtatnng�that�RvFe�danaes�oaoenfeaatnon�whnnh�agns�aamoant�nn�nannea�bx�tOe� 
enoggh�heaeD� 

dD ol�oonntsD�Xesnanbe�how�the�menhannsm�of�antnon�of�a�eyoe�bb�nnhnbntoa� 
dnffeas�faom�that�of�an�Aep�anaeoggeD� 

An�Aep�anaeogge�bnnds�nomoetntnaeey�to�the�Aep�bnndnng�ooneetm�beonenng� 
antnaatnon�of�RvFe�by�oaeaentnng�nnteaantnon�wnth�nts�nenessaay�nopfantoam�nameey� 
AepD�A�eyoe�bb�bnhnbntoa�bnnds�the�XFv�ogt�motnf�when�the�enzyme�ns�nn�the� 
nnantnae�state�and�beones�the�ooennng�of�the�antnaatnon�eooom�whnnh�ns�nenessaay�foa� 
the�enzyme�to�bnnd�Aep�and�sgbstaateD�Wnth �aesoent�to�Aepm�eyoe�bb�nnhnbntoas�nan� 
be�nonsndeaed�a�nonpnomoetntnae�nnhnbntoa�aethoggh�nt�ns�moae�nomoennated�then� 
thns�nn�aeaentyD�� 

eD om�oonntsD�vnaen�a�nannea�neee�enne�wnth�an�antnaatnng�RvFe�mgtatnonm�woged� 
yog�gse�a�eyoe�bb�nnhnbntoa�oa�an�Aep�anaeogge�nnhnbntoa�and�why�� 
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Xge�to�the�mgtatnonm�the�ennase�wnee�aeways�be�antnaeD�As�a�aesgetm�a�tyoe�bb� 
nnhnbntoa�wnee�be�nomoeeteey�nneffentnae�as�nts�fgnntnon�ns�to�oaeaent�the�ennase� 
faom�taansntnonnng�nnto�the�antnae�nonfoamatnonD�As�a�aesgetm�the�Aep�anaeogge� 
woged�be�the�noaaent�taeatment�ootnon 
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Question 3. (35 points total) 

As�dnsngssed�nn�eentgaem�the�mntogenpantnaated�oaotenn�ennase�oMApKD�nasnade�ns� 
getaasensntnaem�demonstaatnng�aeay�staong�aesoonse�to�eowpeeaee�nnogtD��Many� 
othea�sngnaenng�systems�aeso�featgae�getaasensntnantyD�One�of�these�ns�the�CXK1� 
oennaseD�p�CXC2)�oohosohataseD�nnteaantnonm�whnnh�aeggeates�the�neee�nyneeD��bn�a� 
aenent�mangsnanot�optAxm�2c12Dm��g�et�aeD�deaeeooed�a�nomogtatnonae�modee� 
desnanbnng�mgetnpsnte�ohosohoayeatnon�of�CXC2)�by�CXK1m�wheae�the�mgetnoeyp 
ohosohoayeated�CXC2)�ohosohatase�ns�fgeey�antnaeD��Foa�snmoennnty�nn�thns�modeem� 
assgme�2�CXK1pdeoendent�ohosohoayeatnon�sntes�on�CXC2)D�bn�the�oaats�that� 
foeeowm�oeease�desngnate�CXK1�as�A�and� CXC2)�as�X�and�gse�the�nomenneatgae� 
faom�neass�to�desnanbe�nomoeemes�and�ohosohoayeated�soennes oXp�ns�X�thatts�been� 
ohosohoayeated�onnem�Xpp�ns�dogbeepohosohoayeatedDD�eemembea�to�state�yoga� 
assgmotnons�� 

AD ol�oonntsD�Wante�ogt�the�nhemnnae�aeantnons�foa�the�aboae�systemD��uog�nan� 
staat�wnth�ohosohoayeatedm�antnaated�CXK1D� 

e1� enat1� 

ep1� 

e2� enat2� 

ep2� 

What we looked form� 

•	 Mnnhaeens�menten�ennetnnsm�wnth�both�a�aeaeasnbee�bnndnng�steo�and�an� 
naaeaeasnbee�nataeysns�steo�foa�eanh�oaeaaee�oaotennpsgbstaate�nnteaantnonD� 

•	 Antnae�CXK1�oAm�A�m�oa�Ap��nomenneatgae� noged�go�many�waysD�antnng�as�a� 
ennasem�ogttnng�ohosohate�gaogos�on�X�one�at�a�tnmeD�ehese�ohosohates� 
name�faom�enanaonmentae�AepD� 

•	 ehat�CXK1�anted�as�an�enzymem�not�a�aeagentD�ehns�means�that�nt�bx�tOe� 
CHAtvRX�Xu�eHR�eRACebOtx�be�CAeA�u�RxD�ehat�nsm�nt�does�not�taansfea�nts� 
own�ohosohates�to�Xm�eaeaD�Knnases�dontt�do�thatD� 
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XD o12�oonntsD�Wante�ogt�OXRs�foa�eanh�soennesD�
 

We�gaaded�OXRs�based�on�whethea�they�noaaentey�aefeented�the�nhanges�nn� 
whnnheaea�modee�yog�waote�nn�oaat�Am�eaen�nf�the�modee�was�nnnoaaentD�We� 
seaanhed�foa�oaooea�masspantnon�ennetnnsD� 

CD �om�oonntsD�What�aae�the�eey�oonnts�nn�thns�system�that�eead�to� 
getaasensntnanty�� 

ehe�2psteo�dnstanbgtnae�ohosohoayeatnon�of�CXC2)m�When�CXK1�oeafoams�the� 
fnast�aeantnonm�nt�ns�nnnaeasnng�oaathea�than�denaeasnngD�the�nonnentaatnon�of�nts� 
ootentnae�sgbstaates�and�the�oaeaaee�aeantnon�aate�goes�goD�xeoaaatnng�ogt�the� 
oaoness�nnto�nonsengtnae�steos�enee�thns�gnaes�nt�getaasensntnantyD 

XD ol�oonntsD��Faom�a�desngn�oeasoentnaem�how�noged�yog�nnnaease�the� 
aesoonsnaeness�of�the�system�� 

uog�noged�add�moae�eeaees�to�the�nasnade�oeDgDm�add�anothea�ohosohoayeatnonp 
antnaated�oaotenn�to�the�nhannDD�uog�noged�add�a�oosntnae�feedbane�eoooD�uog� 
noged�aeso�add�noooeaatnantym�gnanng�CXK1�a�mgnh�hnghea�affnnnty�foa�the� 
ohosohoayeated�aeasnon�of�CXC2)D� 

RD o1c�oonntsD�One�of�the�sgbstaates�of�CXC2)�ns�the�CXK1�ennaseD ��Add�thns� 
aeantnon�nnto�yoga�system�and�add�nn�the�addntnonae�OXRosD�aefeentnng�thns� 
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aeantnonD��What�bnoeognnae�oannnnoee�does�thns �nntaodgne�nnto�the�system�and� 
why�ns�nt�gsefgeD�� 

el� 

epl� 

enatl� 

Wetd�mentnoned�that�A�was�nn�an�antnaem�ohosohoayeated�stateD�bf�Xm�a� 
ohosohatasem�has�A�as�a�sgbstaatem�then�X�deantnaates�A�by�aemoanng�the� 
ohosohateD�We�eooeed�foa�modees�that�aefeented�X�deantnaatnng�Am�wnth�Mnnhaeensp 
Menten�ennetnnsD�Agannm�X�ns�an�enzyme�nn �thns�naseD�bt�ns�not�nhanged�by�the� 
aeantnon�nt�nataeyzesD�Am�howeaeam�ns�now�a�sgbstaate�and� is �nhangedD� 

We�need�to�aetea�the�OXRs�foa�A�and�Xppp�and�add�addntnonae�OXRs�foa�the�new� 
nomoeem�and�the�nnantnae�foam�of�CXC2)m 

ehe�addntnon�of�thns�aeantnon�aesgets�nn�the�nntaodgntnon�of�a�negatnae�feedbane� 
eooo�nnto�the�system�benagse�Xppp�deantnaates�AD�tegatnae�feedbane�eooos� 
attengate�aesoonses�andm�most�nmooatanteym�tgan�them�nnto� a �shoatpenaed�ogese� 
aathea�than�a�nontnnged�antnaatnonD�ehey�nan�be�gsed�to�naeate�taansnent� 
antnaatnon�waaesD 
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Question 4. (15 points total) 

Short answers - one to three sentences. 

aD ol�oonntsD��Xesnanbe�what�nnfoamatnon�yog�nan�obtann�faom�beC�and�not�faom� 
xpe�and�anne�aeasaD�� 

Faom�beCm�one�nan�obtann� �whnnh�aae�not�attannabee�faom�xpeD�totem� 
howeaeam�that� �nan�be�obtanned�faom�both�tyoes�of�emoeanmentsD� 

Faom�xpem�one�nan�obtann�the�ennetnn�aate�nonstants� m�whnnh�one�nannot� 
naengeate�faom�an�beC�emoeanmentD� 

Xoth�nan�deteamnne�KXD� 

bD ol�oonntsD��How�does�staong�oosntnae�feedbane�affent�the�dgaatnon�and�
 
amoentgde�of�the�ennase�sngnaenng�nasnade�����
 

xtaong�oosntnae�feedbane�nnnaeases�both�the�amoentgde�and�dgaatnon�of�the�ennase� 
sngnaenng�nasnadeD� 

nD ol�oonntsD�tame�one�aeason�why�the�ygantntatnae�nnteaantnon�affnnntnes�and� 
ennetnns�geneaated�by�sgafane�oeasmon�aesonanne�oxpeD�may�not�be� 
aooennabee�to�modeenng�aeantnons�nn�neeesD 

bmmobnenznng�a�oaotenn�noged�nhange�nts�nonfoamatnonm�ootentnaeey�eeadnng�to�an� 
nnnoaaent�KX �aaege�nf�the�bnndnng�snte�ns�beoneeduaeteaedD�Aeso�snnne�the�oaotenn�ns� 
nmmobnenzedm�we�aae�not�abee�to�annognt�foa�any�mgetnmeanzatnonm �noooeaatnantym�oa� 
nomoetntnon�wnth�othea�bnndeas�that�may�aanse�noamaeey�nn�the�neeesD�� 

dD ol�oonntsD�Xesnanbe�the�osegdo�fnast�oadea�aooaomnmatnon�opFOADD�bs�thns� 
aooennabee�nn�beC�and�xpe��Why�oa�why�notD� 

ehe�pFOA�assgmes�that�the�bgee�nonnentaatnon�of�sgbstaate�does�not�nhange�and� 
theaefoae�aemanns�at�nts�nnntnae�aaege� D�bn�oadea�foa�thns�assgmotnon�to�be�aaendm� 
the�amognt�of�sgbstaate�nn�the�bgee�to�begnn�wnth�mgst�gaeatey�emneed�that�whnnh� 
wnee�oaatnnnoate�nn�bnndnng�oa�aeantnon�eaentsD�bt�ns�not�aooennabee�nn�beC�benagse� 
aeay�smaee�aoegmes�of�engand�aae�nn.entedD�bn�nontaastm�nt�ns�aaend�nn�xpe�benagse�an� 
emness�of�engandpnontannnng�soegtnon�feows�oaea�the�sgafaneD� 
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eD ol�oonntsD�Xesnanbe�one�tenhnnyge�that�nan�be�gsed�to�deteamnne�nf�two� 
oaotenns�nnteaant�nn�antaoD�� 

We�weae�eooenng�foa�a�aaend�desnanotnon�of�tenhnnyges �sgnh�as�nopbpm�FeRe�and�p�AD� 
xee�neass�notes�on�detanes�of�these�tenhnnygesD� 
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