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20.320 Exam 2 
Thursday November 17th 

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. (18 points total) 

Bnndnng�of�mmo�to�hasb�haw�been�nmpencated�nn�actnhatnng�the�hbe�M�ee�cawcadep� 
To�beocc�thnw�nnteractnon�a�earge-wcaee�wcreen�of�a�wmaee�moeechee�enbrart�haw�been� 
performedp��Thnw�anaetwnw�ndentnfned�a�wnngee�wtrong�bnnder�oMeTmo1,�moeechear� 
wenght:�M1g�gwmoeo�to�the�mmo�mmm�domannp��,bhnohwet,�fhrther�bnophtwncae� 
characternzatnon�nw�warrantedp���mpecnfncaeet,�cnnetnc�parameterw�wnee�heep�to� 
determnne�how�eong�the�compohnd�wnee�wtat�bohnd�to�the�mmm�domann�omoeechear� 
wenght�of�the�mmo�mmm�domann�nw�1e,gme�Da�onote�1Da�h�1gwmoeoo,�whnch�wnee� 
nnform�aw�to�the�potentnae�for�thnw�compohnd�to�be�hwed�aw�a�therapehtncp�� 

ao�og�ponntwo�To�generate�thewe�cnnetnc�parameterw�an�meb�espernment�nw� 
performed,�bht�there�nw�onet�a�enmnted�amohnt�of�mmo�mmm�domann�ahaneabee,�whch� 
that�onet�two�anaetwew�were�performedp��oaecheate�ed,�con,�and�coff �gnhen�that�tobw�h� 
14�mnnhtew�wnth�a�protenn�concentratnon�of��1e-8�M,�and�tobw �h�mi�mnnhtew�wnth�an� 
nnntnae�protenn�concentratnon�of�1e-9�M� 

bearrangnng,�
 

mhbtract� the� two� eqhatnonw�to� get��
 

moehnng,�we�get�con�h�3p8m1eM�M-1�mnn-1�oor�Mp3Me4�M-1�w-1op�ef�we�then�pehg�that�nnto�enther�eqhatnon, we� 
get�coffhepe33mm�mnn-1 �oor �gpge-4�w-1op�eD �h�coff�w�con �h�8pM9me-9�Mp� 
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bo�og�ponntwo�anhen�the�enmnted�amohnt�of�mmo�mmm�domann�ahaneabee,�toh�want�the� 
espernment�to�be�aw�whort�aw�powwnbeep���nth�that�wand,�nt�nw�wtnee�a�good�ndea�to�hahe� 
the�wtwtem�reach�eqhnenbrnhm�prnor�to�wtoppnng�the�feow�of�the�mmo�mmm�domannp�� 
mow�eong�wnee�nt�tace�to�reach�9gb�eqhnenbrnhm�nn�each�of�the�abohe�cawewy 

bUoto�h�bUeq �o1-e-cobw�t�to� 

h�41p9�mnnhtew,�8ep9� mnnhtew� for� 1e-8,�1e-9 �M,�rewpectnheetp� 

oo��o4�ponntwo�sor�the�abohe�cawe�of�MeTmo1�nnteractnng�wnth�the�mmo�mmm�domann,� 
doew�nt�mace�wenwe�to�perform�an�eTo�espernmenty��hspeann�tohr�anwwerp��� 

There�are�a��nhmber�of�good�reawonw�wht�we�mnght�not�be�nnterewted�nn�donng�an�eTo�espernmentp��eTo� 
doew�not�tneed�cnnetnc�parameterw,�and hence�nw�of�enmnted �hwe�nf�we �are�prnmarnet�nnterewted �nn �cnnetncw� 
owhnch� nw� the� wtated� nn� the� qhewtnonop�ddntnonaeet,�nt�nw�wtated�we �hahe� enmnted�maternae,�and�eTo�reqhnrew�a� 

earge�amohnt�of�maternae�ogeneraeetop�snnaeet, the�eD �nw�a�bnt�eow for�eTo,�technncaeet ohtwnde� the� 1e-8 �to 1e-g 

M rangep 

Do�o4�ponntwo�begardeeww�of�tohr�anwwer�to�ooo,�how�mhch�maternae,�for�both� 
MeTmo1�and�the�mmo�mmm�domann,�wohed�toh�need�to�condhct�an�eTo�espernmenty 

sor�eTo,�we�want �a�protenn �concentratnon nn �the �range� ,�wo wat�ee �h�meeD �h�1pie-i�Mp�LLle 

oconcentratnon�nn�nnjectnon�wtrnngeo�whohed�be�aboht�1e�tnmew� Lele,�wo wat�1pie-M�Mp�mnnce�we�need �l1mL� 
protenn� woehtnon� and� wat� we� do� me� 1ehL� nnjectnonw, we�need�1pie-1e�moe�and�3p4e-1e� moe of� protenn� and� 
engand,�rewpectnheet�oarghabet�toh�mnght�need�to�dohbee�the �engand�amohnt�to�accohnt�for�the�nnjectnonw� 

nnto�the�reference�ceeep�aoh�can�caecheate�thewe�amohntw�hwnng�the�cnown�atomnc�mawwewp� 
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Question 2. (3� points total) 

�w�we�hahe�dnwchwwed�nn�ceaww�mhetnpee�tnmew,�hpndermae�arowth�sactor�beceptor� 
ohasbo�wngnaenng�nw�a�crntncae�awpect�of�normae�phtwnoeogt,�tet�dtwregheated�hasb� 
wngnaenng�haw�been�nmpencated�nn�a�harnett�of�dnweawe�wtatew,�nncehdnng�mhetnpee� 
hhman�cancerwp��Lawt�tear�the�Lemmon�eab�phbenwhed�a�manhwcrnpt�whnch�ceanmed� 
that�hasb�dnmernzew�and�then�weqhentnaeet�bnndw�two�moeecheew�of�has�to�fnnaeet� 
form�the�wngnaenng�competent�tetramer�ocomprnwed�of�two�has�and�two�hasb� 
moeecheewop��Thnw�tetramer�fnnaeet�eeadw�to�phowphorteatnon�and�actnhatnon�of�mant� 
downwtream�pathwatw,�nncehdnng�the�hbe-M�ee�cawcadep��To�wnmpenft�thnw�wtwtem,� 
awwhme�that�the�tetramer�dnrectet�phowphorteatew�and�actnhatew�hbe�otoh�can� 
awwhme�a�wnngee�actnhatnng�phowphorteatnon�wnte�on�hbe�to�wnmpenft�the�modee� 
fhrtherop��hbe�phowphorteatnon�nw�regheated�bt�a�conwtnthtnheet�actnhe�phowphatawe� 
oe�awe1op� 

�o o4�ponntwo�oreate�a�wchematnc�dnagram�of�thnw�wtwtemp��sor�tohr�modee,�toh� 
can�awwhme�that�both�hasb�protennw�are�ndentncaep� 

Bo o1e�ponntwo��rnte�oht�the�ordnnart�dnfferentnae�eqhatnonw�dewcrnbnng�thnw� 
wtwtemp� 

oo o4�ponntwo�en�the�manhwcrnpt, �the�ahthorw�ceanm�that�bnndnng�of�the�fnrwt� 
engand�partnaeet�obwchrew�the�bnndnng�poccet�for�the�wecond�engand,�whch�that� 
hasb�dnwpeatw�negatnhe�cooperatnhntt�nn�engand�bnndnngp��mow�doew�thnw�affect� 
tohr�wtwtem�of�eqhatnonwy� 

Do oM�ponntwo�meherae�eabw�hahe�deheeoped�antnbodnew�that�beocc�hasb� 
dnmernzatnonp���dd�thnw�component�to�tohr�wtwtem,�awwhmnng�reherwnbee� 
antnbodt�bnndnng�to�the�receptor,�and�wrnte�oht�ant�new�eqhatnonwp��mcetch� 
a�peot�ewtnmatnng�the�eehee�of�hbe�phowphorteatnon� versus amount of E�� 
addedp��mow�doew�thnw�dnagram�change�wnth�addntnon�of�dnfferent�amohntw� 
of�the�dnmernzatnon�beoccnng�antn-hasb�antnbodty� 

ho oM�ponntwo�en�mhetnpee�phbencatnonw�nt�nw�ceanmed�that�there�nw�a�negatnhe� 
feedbacc�eoop�nn�whnch�hbe�phowphorteatew�hasb�othe�wngnaenng competent� 
tetramero�to�whht�down�wngnaenngp���dd�thnw�eoop�to�tohr�wtwtem�and�wrnte� 
oht�ant�new�eqhatnonw�otoh�do�not�hahe�to�add�nt�to�part��,�bht�can�nf�toh� 
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want�a�hnwhae�referenceop��mcetch�a�peot�dewcrnbnng�the�hbe�phowphorteatnon� 
over time following addition of E��,�wnth�and�wnthoht�thnw�negatnhe� 
feedbacc�eoopp� 

so	 oM�ponntwo�anhen�tohr�nathrae�wcnentnfnc�wceptncnwm,�toh�decnde�to�hwe�tohr� 
modee�to�tewt�whether�thnw�wame�feedbacc�eoop�ohbe�phowphorteatnon�of� 
hasbo�cohed�be�a�powntnhe�feedbacc�nnwtead�of�a �negatnhe�feedbaccp���rnte� 
oht�ant�new�eqhatnonw�that�wohed�be�necewwart�to�tewt�thnw�theortp��mcetch� 
a�peot�dewcrnbnng�the�hbe�phowphorteatnon� over time following addition of 
E��,�wnth�thnw�powntnhe�feedbacc�eoop�nn�peacep� 
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Question 3. (26 points total) 

Bigeharmaoo. has recently developed two new ��Te-competitive inhibitors for the 

mbo� tyrosine kinase that they are calling ��ol and ��o2. ���n in vitro kinase test has 
been performed with �3� mM ��Te, 50 micromolar �mbo, and l mM pl30oas, a �mbo� 
substrate with 5 micromolar Km. In this test, ��ol has demonstrated an Io25 of �35 

nM, while ��o2 has an Io25 of ��7 nM �onote that Io25 is defined as the inhibitor 
concentration at which 25% of the activity is remainingo. 

�o o6 pointso�oalculate the Ki value for each��ol and ��o2.��ssume Km for �mbo-
�Te� is 50 micromolar. 

Bo �o7 pointso�You want to model this reaction, but are unsure if the reaction 

conditions satisfy the assumptions necessary for the Michaelis-Menten 

approximation. In the absence of inhibitor, does this in vitro kinase test 
meet the criteria for M-M kinetics? ��erovide a quantitative answer. 
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oo �o7 pointso�Does the presence of the ��ol inhibitor at Io25 alter your 
answer? ��erovide a quantitative answer. 
Michaelis-Menten is still valid for the original substrate so no, the answer 
shouldn't change. You can still assume that Δm/m� «« l. However, if you were 

anylyzing the depletion of ��Te� as a substrate, this might not hold since the 

effective KM has changed for ��Te� binding. 

Do o6 pointso��s an ��Te� analog, might be better to re-design ��ol to be a non-
competitive inhibitor �oe.g. re-factor to be a �Type II inhibitoro. ���ssuming that 
the Ki does not change after refactoring, how much has the inhibitor 
improved? In other words, at the same concentration of inhibitor, how 

much has the reaction been inhibited by the competitive vs. non-
competitive inhibitor? 
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Question 4. (20 points total) 

Short answers - one to three sentences. 

ao �o�� pointso��mtrong positive feedback is potentially very dangerous for the 

cell, yet is critical for selected biological processes. Name one of the these 

processes and describe the role of strong positive feedback. 

The example we covered in class is during development, strong positive 

feedback allows a cell to continue through to its differentiated state, even 

though the input signal may shut off �oa cell stopping halfway through 

differentiation would not be effectiveo. Many other examples from biology 

are appropriate here. 

bo o�� pointso�To calculate ΔH from an ITo� experiment, does it matter if multiple 

injections are performed simultaneously? ��hxplain. 

ΔH is a state function �onot a state experiment - experiments don't have 

states!o� , so you could get this value by performing all injections 
simultaneously.Multiple injections are useful to curve fit for Kd, and also to 

give more data points to better constrain deltaH. However, injecting all at 
once will result in the same cumulative value of heat released. 

co �o�� pointso��s discussed in class, protein microarrays can be used to 

establish Kd values for a large number of combinations of interactions. Is it 
possible to use mass spectrometry to generate this same sort of data? 

Justify your answer. 

Yes, you could envision a way in which �oas long as the complex is not 
sensitive to the ionization processo� you could add in different amounts of 
ligand, and do Mm� to see how much complex is formed, and use this 
titration curve to get Kd �oin fact, this is often done for small moleculeso. 

do �o3� pointso�� Name three ways the cell regulates the catalytic rate of a given 

enyzme. 

The three covered in class were: 
l.o Transcription/Translation 
2.o Localization 
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3.o eost-translational modification 
Many answers were acceptable, as long as it was correct/justified if not 
obvious how it would work. 

eo o5 pointso�hxplain how scaffolding proteins can both promote downstream 

signaling and prevent it from reaching maximal signals. �oite examples from 

class where relevant 

In �earticular, we covered �mte5 as a yeast scaffold which binds ste7, stell, 
and fus3. ��mte5 can promote downstream signals by bringing all of the 

necessary kinases in proximity of each other, and can prevent downstream 

signal form reaching maximal signals by binding tightly to the 

phosphorylated form of fus3, or by in low concentrations of kinase, having 

one kinase bound to each scaffold so few scaffolds have all three kinases 
bound. Note, ste5 by itself is N,T� a kinase! 

12 



MIT OpenCourseWare
http://ocw.mit.edu

20.320 Analysis of Biomolecular and Cellular Systems
Fall 2012

For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms.

http://ocw.mit.edu
http://ocw.mit.edu/terms



