Dr. Campbell’s Biol13 Exam #4 — Fall 2017

Biology 113 Closed Book Take-Home Final Exam

There is no time limit on this test, though I have tried to design one that you should be able to
complete within 3 hours. There are 7 pages in this final exam, including this cover sheet. You are
not allowed to look at someone else’s test, nor use your notes, old tests, the internet, any books,

nor are you allowed to discuss the test with anyone until all exams are turned in by Thursday
Dec. 14. HARD COPY of your EXAM IS DUE NO LATER THAN NOON THURSDAY
DECEMBER 14-. If you turn in your exam late, then you lose a letter grade for each day you

are late. The answers to the questions must be typed directly under the questions unless the
question specifically says to write the answer in different place. If you do not write your answers
in the appropriate location, I may not find them.

I have provided you with a “Data Gallery” in the form of figures and tables. To choose a figure
in support of your answer, state Figure #x and do NOT move the image on your test. Do not
assume how many of the data images you will use, or not use. Simply choosing the data is not
sufficient support for your answer, however. You must explain the significance of the data and
how they support your answer. I have given you word limits so be concise.

-3 pts if you do not follow this direction.

Please do not write or type your name on any page other than this cover page.

Staple all your pages together when finished with the exam. Do not print test pages without
answers. I only want to see your answers. You can type your answers right under each question.

Name (please type here):

Read the pledge and sign if you can do so with honor:

On my honor I have neither given nor received unauthorized information regarding this work, I
have followed and will continue to observe all regulations regarding it, and I am unaware of any
violation of the Honor Code by others.

How long did this exam take you to complete?
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Lab Questions
10 pts.

1) Use CLUSTAL omega (https://www .ebi.ac.uk/Tools/msa/clustalo/ ) and the attached
sequence file (F2017_Exam4seqs.docx) to evaluate the two experimental sequences compared to
the reference sequence. Quantify the differences you see from the online analysis. Maximum of

25 words for each sequence.

Lecture Questions:

17 pts.

2) Life is full of unexpected events....

a) What was the experimental question being asked in Figure 42 from the data gallery?
Maximum of 40 words.

b) What answer did the investigators reach based on the data in Figure 42?7 Maximum of 40
words.

c) Describe the allosteric modulation that produces the emergent property shown in Figure 11.
Support your answer with two Figures. Maximum of 40 words.

12 pts.

3) Who would have predicted this?!

a) Integrate the data in Figures 29 and 36 to describe what happens when a A phage first infects a
new host E. coli cell. Maximum of 50 words.

b) Why are there more “on” cells at 6 uM TMG in the lower part of Figure 31 compared to the
upper part? Maximum of 40 words.

12 pts.

4) That was random....

a) Is it possible for different phenotypes to be inherited by progeny from a population of
genetically identical cells? Support your answer with data. Maximum of 40 words.

b) Describe two emergent properties that are determined by the length of a genetic circuit.
Support each property with data. Maximum of 40 words for each property.

1.

2.

10 pts.

5) Are we there yet?

a) Propose a mechanism to explain the induction of bioluminescence in V. fischeri. Support your
answer with data. Maximum of 40 words.

b) Explain how quorum sensing can be used to communicate different types of information.
Support your answer with two data examples from the gallery. Maximum of 50 words.
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14 pts.

6) “We are all individuals!”

a) If you wanted to engineer a beneficial bacterium to produce a biofilm, generate a numbered
list of the genes you would need to provide to this hypothetical species that currently cannot
produce a biofilm. Assume this hypothetical species has zero genes needed to produce a biofilm,
but has all other typical genes for bacteria. For each gene, state briefly its function. Maximum of

25 words for each gene.
1.

b) Summarize the major steps involved in slime mold slug formation beginning with the loss of
food. Provide supporting data for each step. Maximum of 30 words for each step.

10 pts.

7) “I carried you for 9 months...”

a) Integrate the data that demonstrated how a mammalian mother can carry a non-self fetus
without rejecting it. Summarize the research that refuted the two hypotheses (A and B below)
that were disproven by experiments we covered. Maximum of 40 words for each hypothesis.

A.

B.

b) Formulate an explanation of which proteins are critical to an embryo’s survival inside a
healthy mother. Support each protein with data from the gallery. Maximum of 30 words for each

protein.
1.

15 pts.

8) This is your last Biol13 exam question!

a) Draw directly on Figure 43 in the data gallery to approximate what the graph would look like
if the authors had chosen 85% confidence intervals instead of the 95% as shown in the figure.
b) Compose the rationale that explains why it would be beneficial for everyone to exercise to
control their weight no matter what their genotype is. Support your rationale with two data
Figures in the gallery. Maximum of 40 words for each Figure.

c) Integrate disposable soma theory with the daf-2 data and its signaling pathway to summarize
the tradeoff in reproduction and longevity. Support your summary with data. Maximum of 50
words

Bonus Question (+2pts): Here is a challenging question, but one that is relevant and could
produce a breakthrough in medical treatment. Propose a new conceptual approach to preventing
biofilm production by bacteria (i.e., don’t just say use antibiotics). Your proposal should be
based on what we know about how biofilms are formed. You do not need to propose any specific
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experiments, just think of a creative theoretical way to block biofilm formation. Your answer
could be the beginnings of your new biotech startup when you graduate....
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Data Gallery

(3 pages)
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genotype | (deye) | Body weight | percent | body weight | percent
weight (g) | change (g) fat weight (g) | change (g) fat
wt 48 | 261109 | +115 91208 | 214208 | +63 149208
oblob | 20 | 17.0:05 - 23811 | 17.1=04 - nd.
ob/ob | 48 ‘ 38604 +21.6 423+14 25.6+1.0 +85 43.7£1.0
dbb | 20 | 168204 - 24309 | 166205 - nd .
dbidb | 48 | 382:05 | +214 | 368+08 | 248:12 | 477 7207
“*mean values = standard error of the mean with 4 mice in each group.
trait high mortality rate low mortality rate I
two-step circuit 2 more grafts 2 first-grafts ral #of flies | averages | #of flies | averages i
transplanted transplanted
8 "N female development (hours) 389 254 345 272 0.0041
\I—\\ @ female dry weight (ng) 90 242 90 261 0.0156
2 e d? @ fecundity (average # offspring) | 340 408 322 270 | 0.0035
2 oy d? male development (hours) 389 260 334 276 0.0061
bxc male dry weight (p.g) 388 197 332 217 0.0182
[ a offspring
three-step circuit A
baby skin rabbit E skin
P to: transplanted to: 10
= conditions foster unrelated | foster | unrelated .
mother A | rabbitD | motherA | rabbitD 0.9
woragedars | " 11
graft survived 4.0 6.5 6.0 7.0 S 0.8
*indicates p < 0.01; experiment replicated 5 times § 0.7
5 0.
u‘g 2 & 0.6+
23 58 §
25 35 9 05+
3® ® x
HH 23 10 2 0.4
3
= S
°Cvi-0 donor - recipient number of animals | % rejected ,’B‘;f;i?:"i’ﬁ,ﬁ '§ 0.3
T T T T T — T T T T T male — female 16 0 na E
15 20 25 30 35 40 45 50 55 15 20 25 30 35 40 45 50 55 . - . . .
B percent plant senescence c percent plant senescence female — female 15 0 na. 0.2 -o— =0, in hemoglobin solution
(at 57 days post sowing) (at 57 days post sowing) female - male 15 0 na. 0.1 —a— =0, in water
male — female 15 100 28+3 )
male — primed female* 10 100 142 0 —
O, concentration O concentration “primed female injected with sperm two weeks prior o skin graft. 0 R 5 LA 1'0 e 1'5 T 210 '
in muscles in lungs Modified from Katsh efal., 1946; their Table 1 )
1.0 oxygen concenration (kPa)
/ igh
affinity
5 0g- Pinding
= 0 . .
© hybrid low and high first
2 affinity binding re]ected
2 0e 12
5 0.6 human MHC IG gene
o [ I I I
= 13 0kb 1kb 2kb 3kb 4kb second-set fire
o allograft irst
5 0.4 exon 6 allograft
g - exon 1 exon2 exon 3 exon 4 exon 5 exon 7 exon 8
o low affinity B
= cells
g binding m]ecled
o Qéi%
5’ ATTTGTTCATGCCT 3’
Y T T T 1
0 4 8 12 16
oxygen concenration (kPa) 16 S0 50
initial final body percent percent percent LA o) . SO
0 4 81216 20 0 4 81216 20
l 5 body weight | weight (+ 11 weeks) protein lipid dry matter e e
& = wil lean rats i i
c 3.0q llel
g alleles no exercise | 224.8 +7.1* 301.4+9.8 228+0.34" | 6.4+049° | 327 +0.51°
H exercise 214.0£10.1 297.0 +12.0 235+0.23° | 49:041° | 31.8+0.61°
? 2.5+ obese rats
5 no exercise | 210.7 +11.1 327.6+15.2 14.8+0.28° | 39.0+0.81° | 56.6 +0.66°
E exercise 218.0+88 317.8+133 17.3+0.62° | 27.7+1.43° | 482+1.71° 17
3 =
E 2.0
s 1
? —
2
8 1.5 T+— ! P i i 2
g ° treatment strain 1 cells | strain 2 cells 3 . = ant MHG I
T —— negative control media delayed delayed =
e —Fo— —°— - . e £ §
1.0 [m] strain 1 media immediate delayed 3
T T T T T 18 strain 1 media, filtered immediate nt 3
1.0 1.2 1.4 1.6 1.8 2.0 - - - £
fold change in thermotolerance at 35° C strain 1 media, boiled delayed nt L3
- " - " 3
strain 2 media delayed immediate €
o
strain 2 media, filtered nt immediate §
strain 2 media, boiled nt immediate
bright field flourescence NK NK NK
sample #1 sample #2 sample #3
embryo 20 wild-type daf-2 mutant
median life span (d) 16.3 +/- 1.3 41.0 +/- 2.0
tropoblast -
cells mean brood size 313 +/-42 8.5 +/- 8%
average progeny (after 10 d) 0 6.6
age (d) when last egg laid 1 50

*p < 0.005 +/- standard error

5




Dr. Campbell’s Biol13 Exam #4 — Fall 2017

21 22 allograft allograft
autograft different MHC I same MHC 1
[ RNApolymerases —— W
0 ) ¢
— cImRNA operator 3 operator 2 operator 1 ro MANA —= C‘
N s
-10 -35 =35 -10 -
Paw Pa 5% 50 50 50
°Q
i
T T T T T Rupp, C.J., Wilson, S.
4 8 1216 2 4 8 1216 2 4 8 1216 2
days after days after days after
antagonists
(long lived)
25 Rupp, C.J., Wilson, S., Stoodley, P. ===
102 104 105 106 107 108
E N L R D L L
GAG AAT CTC CGA GACCTC CTC
extracellular 100
PI3 kinase wt mouse
dat-16 leptin
—®
. cells form
' 804 plaques
102 103 104 st
Y — - —~ N N =
nucleus GAG AAT CTC TGA GACCTC CTC 2
g
ob mouse T 604
leptin ;
B )
B}
. c
105- 5 minutes of aTc g 404
g
© 7
5] 28 hemoglobin
[ s 2 slope =3/ 204
8 104 2% high affinity cells form
o HE slope =1 colonies
[ 2l 11
I P B
3 -e- = one-step circuit slS . L
= = - ircui =|8 = = T T T T
; o+ _t\rl‘vo step circuit s B 0 10 20 30 40 50
o - =t ree'Step circuit 8= 4 myoglobin tima (min)
© 3 _| =ls 11  siope=1 7 .
$10 - FI i 99.7%
; e oS 24 ",’ repression
H
R 29
-2 -1 0 1 2 1004
2 log oxygen concenration < ] no cooperativity
10 T T T T % repression curve,
0 100 200 300 400 500 3 AP
. . 8 4 R
A time (min) &
£ i
8 s0
@ i
Q
L lysogen
> .
% 60,000 wild-type 1
2 i
2 31 O N < " E—
° 30,000 107 10 107
2 Cc cl concentration (Molar)
@ .
o 2
@ 0 .
£ 32
2
3
db/db ob/ob © 60,000 AgreAB
3 o N D LAY
E e - 2 AN
o 30,000 = ol Fast *
2 : :
@ IRV Ay
c —%
T T
3 6 30
B uM TMG
2 @
8 2 3 2 ¢
s &8 s 8 32 -e- = one-step circuit
s & g £ 2 —+- = two-step circuit
s ¥ 8 f 8 - i i
Z_Z_2_Z_>2 1004 —o— =thr tep circuit
33 34 luciferase N—
° activity
& ER o 4
ﬁ s 80 ] 35
£ 8 >
blot #1 E cell density b
ob =] - - £ 60 ]
mRNA g S T
0 104
: 5 =10
= 40+ 2 E
] g
g 8 )
20 3
acin— = . ' biot #2 0 _"‘““""“
mRNA 3 5 ; v T T T T T 5
0 4 6 8 10 12 14 10 L ) B B i 1) e
A time (hours) 10! 102 108 104
B aTc concentration (nM)




Dr. Campbell’s Biol13 Exam #4 — Fall 2017

W
|

36 |_ RANA polymsvases—|

- maintenance concentration of TMG
mice 38 4 1
=NMRs " !

operator 3 operator 2 operator 1

<= cI mANA

T
rerorans acasomacraa © 120k 25 40
ParACATATIE ArCTTACKTNTS. ‘% g p<0.001 g %E:'_ 1004 -
+1 = “ g o 80k E£= 30
-10 35 35 -10 % E 8 « L
A P [ Sy 22209 p<0.001 p<0.001 S 807
55 8 10 §
35 -10 [ 5o s %
ag® oc B
Consensus TTGACA 17bp TATAAT E o 2= 0 §
; £ 40 -@- = wild-type, started off
MPpy TaGAtA 17bp TAQGAtT © s oy 0T,y Eavea, g
B AR, TTGACt 17bp gATAAT B c 204
0 T T 1
0 5 10 15 20 25 30
40 extracellular TMG (zM)
0.1% glucose 0.5% glucose 5
20 _ZE‘
S0
3 5 e 0.20
5 o~ = glucose concentration X —
5 8- —cel densy w 10 é HE 0.16-
g W = autoinducer secrete €
g 0s 2 E 0.12-
central o c 0.08-
poinls . ) 2 4ﬂ i 8 12 20 0 2 4" i 8 12 20 g’
of cells ime (hours) ime (hours) ? 0.04-
o
300 0 1 T T T
c 0 40 80 120 160 200
= r=-0.45 di
o o istance from bottom (um)
2 560 43 B
42 §
§ 0.20
@ 220 % 0.16+
-] =
. minus 3 2 0.12+
24 chromosomes S 180 =
£ S 0.08+
S o
g 2 0.04
3 140 ° o
° T T T T
8 0 40 80 120 160 200
] E distance from bottom (um)
$ 100+
I~
g
44 — semer ®° 6 4 2 0 2 4 6 8 10
B percent change total body fat
lacl plac LacZ LacY GFP 1.

0.6

T™MG 45 05

°
e
n

fraction of oxygen saturation

ooxygen concenration (mmHg)

permease sytem on
N W 8 0.4 : :myoglcbm
T™MG ~, - § 03 Zhire
J- - a I H —— =pH7.2
1 ! ® ol 02
0.1 T T T T
lacl plac LacZ LacY GFP 0 20 40 60 80 100

— T T — T T
220 230 240 250 260 270 280 290 300

A wavelength (nm)
- leslonsd
600 1 s o A °
47 / 48 ¢ £ 49 2
/ £ Zo0s{ S
500 / £ -0 K s 2 >
~ ’ : - tc8o, Ele
» / § -20- H < g 832 35D
E ' lesed H 5 -159 s £ 8 0 22 o=@
8 400 joned pair £ ool e =l s EE
E) single rat : $
P a0 5o
5, 300 both rats of 12 16 20 24 28 32 36 40 44 48 2 16 20 24 2 %2 36 40 4 48 9.5 kb —
® control pair A age (months) B age (months) 7.5 kb —
surgery ) e ——— @ non-lesioned "
i 200 ey rat from pair 500 island 500-7- mainland - ' S8 [*leptin
H] hypothalamus. @ 8 o 4.4 kb — receptor
a Mresioned animals i H mRNA
100 weighed £ ° H 300
separately £ 200 o _A_{[ £ 2.4kb
N ™ '
0 T T T T T 1 G a
bith—=0 1 2 3 4 5 6 7 8 D e o=t
5 25 35 45 55 65 5 15 25 35 45 55 65
[+ months c age of ltter (days) D age of ltter (days)



