1. Pick up Name Folder

 Pick up name folder and set it up at seat.

2. Sit with your lab group.

- laptops almost closed (avoid distracting)

3. Clicker Attendance

- Launch your Top Hat, and get ready to click.




_. Laptops closed (unless TopHat):
i (open if need 4 TopHat, don't distract others)
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Announcements

1. Contract: signed and submitted was due by Friday Spm

2. Thanks to those who completed the TopHat homework
for today and FY| use the Discussion Forum if your have a
question which might be shared by others.

3. Office Hours- M/W 2-3pm and appts + both espresso and
soon a fireplace!

4. Clickers and attendance points (if we have 100 clicker Qs,
need ?? for 4.0 grade, use pen/pencil to keep laptop awake
while closed)
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» Check a PCR sample by gel electrophoresis.

Side view: Sample loaded
into well

Plastic gel box

Bufter

Electric field and ‘
Direction of migration
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1.How do they visualize the molecules of interest?

2.How do they separate them in an orderly fashion?
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Fig. 4.8

Functional Ribozyme
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Fig. 4.8

Functional Ribozyme
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Chapter 4: Evolution and Origin of Cells
4.3 Can non-living objects compete and grow?

e Context: Abiotic processes seem devoid of qualities associated with life such as growth and competition
for limited resources.

e Major themes: The origin of living systems occurred by natural processes, and life continues to evolve
within a changing environment; organisms can be linked by lines of descent from common ancestry; and
natural selection is a mechanism of evolution that accounts for adaptation.

e Bottom line: Abiotic vesicles can grow, reproduce, and compete for limited resources.

Fo

Biology Learning Objectives
e Illustrate how natural selection works by giving a real example.
e Discuss how abiotic vesicles can grow and compete.
o Illustrate how abiotic structures exhibit dynamic and competitive behaviors.

Perhaps the most challenging aspect to understand about the origin of life is how a cell membrane could
form before cells existed. You have already learned about abiotic production of biologically important
organic molecules when you read about organic molecules found on meteors and in Miller’s primitive earth
experiment. Yet it might seem implausible for abiotic forces to organize lipids into a sphere surrounding
some cargo and allow these spheres to grow and produce more spheres. Could one or more lipids self-
organize and replicate solely based on the chemical properties determined by the composition of the
molecules? If such lipids exist, are they capable of encapsulating cargo such as self-replicating ribozymes?
If a vesicle possessed all of these properties, you might be able to imagine how life evolved over a long



Chapter Checklists

Week 3
(Preparing for) Monday's lecture:

Budgeting homework time (70 min): In Ch. 4, the first half of section 4.3 is 2000 words in length and
section 4.4 is 1500 words, totaling 3500. This should take 17 minutes if you just read it. But when done

properly, when you pause to review quite a few figures, read and think about a few of the Integrating
Questions} and take rarafiil nnteac thic hnmaownrk accienmant chniild take vinit mare like 70 mijnutes (|f

you are focused I. Special Allowance: Your group can divide up the Trifectas for this lecture.

1. For Monday's lecture, read Chapter 4's section 4.3(1st half) in the ICB textbook, and
then section 4.4. For section 4.3 "Can non-living objects compete and grow?" you only need to
carefully read and take notes on items up to and including information related to Figure 4.13.
Then stop taking notes and just read the rest to learn about research on vesicles competing with
each other. Explore Bio-Math Exploration 4.2 if you find it interesting. Then read and take notes

on all of the short reading in section 4.4 "Can non-living objects harvest and store energy?". Be
sure to take handwritten notes.

2. Try to answer some |Integrating Question| and Review Questions. As you read the ICB
textbook always attempt to test yourself a little, answer at least one of each set.

3. (Trifecta): Prepare to explain (aloud) Figures 4.11,4.12,4.13 and 4.17 in class.
*Special Allowance today*: If you wish your group can designate who will be responsible for each
figure and thus split up the responsibility and reduce the load (Purpose, Methods, Findings).




Kevis f_k [ £ for T drnas 7 Seefion ‘7"7[' - (cmf> Ch.
i g Ch. Voo i dlE %f @ Can non- /"V"A/G oér,‘gz& haryes ZLano/ s%re M¢7/9

‘fr; Can nen- /lyf;s? aAjcCZ!_ CMP‘—)(Q ﬂﬂd7w? Q wlxy ask “this ﬂurs‘hoﬂ? y ;s - _é-_!o-s
y : .Use evidence Yo ol pessibiLly [ie + e
il @ttt B Pl s £l o7t sty I s o wbiohe
Or”u&‘/r‘\\le na%«rq/ s'—c(f.‘.ﬂm W”{ f‘ﬁa/cm»v(,k Fa,}l.,\d_qg',ﬁé’:ﬁ& 7 : ! ¢ Diseuss Am"’ WS"\G&’I Caw[&l }76"2 encfj
.775‘“‘( AON 46>07¢C V?S'\¢££< S 7/914} +C°”'f-f—\[Q il lvons fasfy;ar\l_"/fd M'il\dl V'CS;C&S V/ACM 'an . L;A : /
o Analyze dasfy o confirn ‘ o ey, could abiohe vesnles doAtP Mafe ¢ sHore =

Gé-e/cc/imen—ﬁ% acs rn 13e2d Felea )4”"( could /r‘fm‘q/ snsrxcle yvesicle hoare Hts mside =sYore

?
— h/ls Czal/u): ~% una&q t%ﬂ-d /low a//mmémne (o-_‘(d ﬁfﬁ! EEFD&m“, CeramiIC pmiced 5/7/'.‘4.4 -+ Vl\ewd \'r"\a_

Might~ seem unhi /)' 1or ablohe forces Yo o ‘ee 1io)ds N 0 { RNA molewlsc m sof rec/ Fyere 5 o) '
en ey ) w/Ca ¢ 2 a et e LT ™ gva
AND  allow s/)KM; ﬁ_i.'.'.?“’ "‘LePNduc;??‘/ p2’es in jf/uu.e /ca~5 fan o/ </ 7lv ; gure \[ ‘J\J m I
Q.’(an /:g/‘a's Sl/Fldss.c_,méL( and '76(:)1 VCS:\;&S vy?f.fapo?./ "70 W/"%—\ ves, 13 h‘\‘)cl( Md ﬁ

L..)W‘a?‘ e,v:\c&n.c( w/'/).r\,é .‘é’

™~

eneyy) pm o does

__R_.’fvr—c— \/esf/)oss,é\f? 701%)7/3-( primifie cell Sy ‘,/J HPs Ve

: D R Z;QR Hype SIS
SeI-F-oresamzm‘i ves?céls imrroduc—“{ﬁv’\ aa//:y[fdg 76 exisYys \res.‘c&s » Yo e on%r /d/er c)o

A“ dcsc;J).gJ’ Z—M A.IPA;,!\C/F:'&C .':lpﬂs “\GV’Q b_e‘_n CW on mg_\#eofSIVKSA.

R o | Hhe membrane , whiek hid neadiel
+eren cdarp sea vents. YET how could ~Hary a.:l— close —Ie?z(-éw\, eom teScheied ,_-;"l‘c; of~ Iife" grow + rméua Jac \;, embrane , w s \,.e/ cha
N 2l

AcTua 4 O W
S /1:‘/’7067/&? cewl(d $ind If‘f;r, ‘f‘cy /Jna// would 'ICIO; b\wajc{ 'Zo’)/tf;s.% s do
——F} 4// - 74/6' ac?d—- M)'ris'?’b /Cﬂ)(( - com re_)u\/cs on c(a/"‘_‘?li‘zd ‘Md d, = fl-f's' -—7(:»'»%" 7"‘4’:&?3‘— P'ﬂc) + gﬁz o
— 2 : : > Crumb o —Ewd dnp T a ~ - ® ll‘"l‘-' SGuir in mialles amoun ‘9""“'( 4‘0 amounl in ves, S
72““”‘;&(:% : :./ad micl':dk ﬁt;j:i& baernFlafipli) IR RS/ o o7 Cacu e - L o i vesichs, thect §.2 (etkatme)
Can $foa\/ane.ous rm hares o O] Hss meoqured suctrce arex of vesicles (somehow )

s;clp size over ‘/?MQ as add fﬁ/_;

; : i wa selm
Fcpose — esT W/\‘”%‘U\:f«bffhﬁ[@S can faclfate micalle forme N Findi
\;ﬂ. 59 :M.(a)(l\b'n OF similav s 2e 1 A Mql “’""" add: /;F;d’ via micelles PH does A ins.clo V\e::\C.(D..'f

s ohpemiten SoFmck fyphFabsepfimas R oy ,
Mefbads e h’gﬁawfma,.vema, Lk bt B e e Lumen, AND IF you add were wiallas - Sreps mers quickly,
mTc'Q.,‘tS | J.}-.or'—e‘o ( + on’,D"‘#Q) o.«‘ﬁ?chsmfg : S > ‘ _7[\4{ A’Nb 7‘1 Suh’ﬁ't—( area .fﬂz VCS?CIQS‘ row N SAan SHmQ,
'4 micros S ot clay (moeTm P form e s m/l(; P"‘I‘ Fheuw ThlYer 74 9 s
,y‘%/"}/(/’ o agesn s (nderd Solution v/ bl e . 0: %‘;c/ué_».? . .. P
ch): res pon st curvk for “cloy”, J ':c’l« 3007% ,e—Quu.l } . | Jre ettty o7 d‘vﬁ' ! S Encp s Hhme *’:‘::\"IE::Q

_f J/ . ,{ .
s surfale area as grews vs shemks | JFQ: evplam , onel D hof ha ﬁcwso‘c[u dni R
s volme = S @pehldren | T el e i LN A iy

mes Leak eult duri "'—f."Od‘”:Ha’{
Rantsm Yo form ARt cell, < how

From C/uﬂlc_)ér,‘sﬁtg 24 };|‘ S/
Lechion . And Yesh ves; s Yor

70«-’:’2 lbr/l"y% C'Mp_-g%: = E\’O/‘Vl"\n’(

. ‘4*
s well, qu‘/'o\rf ct '
F;nc/WZ o d’)’ (mon'f'mon”m"‘k) . DOSR MeSPONSL shows M’ '$/°/A"7/"\)Q¢(
> s 2o 0. /
< 2l et P  comc ol clay be sfZ
7 ”. ”‘Af‘r, k‘*rﬂ *’/C} d‘“?“ ) (use F‘-, *gv,ro/"c“

: ~Thru mems
| T e by FDT o et/

| -

r2: Predicl
=Y - Fopped

—

J




@ AllStudent Responses
e |

25/29 86%

@ M3: Predictions for Figure 4.11 Grade Responses

1Q12: Predict what would happen if you added more clay in Figure 4.11D after 30 minutes of reaction. Predict what would happen in Figure 4.11D if
you added more lipid to the highest clay condition.

@ Responses

All Student Responses

= 000000007 25/29 86%

M3: pH gradients? Grade Responses

1Q20: Based on your previous biology knowledge, can a pH gradient across membranes be used to produce new covalent bonds? (for example?)

Responses
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Figure 4.11 Fatty acid structures and vesicle formation rates.
A, Myristoleate chemical structure. B, Fatty acid monolayer
forming a micelle and a bilayer forming a membrane vesicle.
C, Effects of different solid surfaces for vesicle formation. D,
Effects of different concentrations of clay on vesicle formation.
E, Initial rates of vesicle formation based on clay

concentrations. A. from
http://pubchem.ncbi.nim.nih.gov/summary/summary.cgi?
cid=5461014&loc=ec_rcs B.general knowledge. C, D, E. From Hanczyc et
al., 2003. Figure 1D, 1B, and 1E. Martin M. Hanczyc, Shelly M. Fujikawa,
Jack W. Szostak. 2003. Experimental Models of Primitive Cellular
Compartments: Encapsulation, Growth, and Division. Science. 302: 618 —
622. Reprinted with permission from AAAS.
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(Tritecta)

RNA + buffer

vesicle vesicle

Figure 4.12 Microscopy of spontaneous vesicles with cargo. Green-
stained fatty acids were mixed with negatively charged ceramic
microspheres. White light in panels (A) and (C) to emphasize the
microspheres. Green fluorescence in panels (B) and (D) to highlight the
vesicles. Red-stained RNA attached to clay (E) or in solution (F) trapped

inside vesicles. Scale bars are 5 um in A-D and 1 um in E and F. From
Hanczyc et al., 2003. Figure 2A-D, | and J. Martin M. Hanczyc, Shelly M. Fujikawa, Jack W.
Szostak. 2003. Experimental Models of Primitive Cellular Compartments: Encapsulation,
Growth, and Division. Science. 302: 618 — 622. Reprinted with permission from AAAS.
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Microspheres Inside Vesicles
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Fig. 4.12



Abiotic Vesicles Capture Cargo
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RNA Cargo 1n Vesicles
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RNA Cargo 1n Vesicles

What chemical property of RNA
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the formation of lipid vesicles?

Fig. 4.12



RNA Cargo 1n Vesicles

What chemical property of RNA
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RNA Cargo 1n Vesicles

RNA can function as enzymes
inside lipid bilayer

Fig. 4.12



Why did they feed vesicles micelles or fatty acids to
help induce growth? Think about the structural
components of a vesicle?
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Figure 4.13 Changes in vesicle sizes. A, Small starting
vesicles grew larger after the addition of micelles. B, Vesicles
grew over time when the experiment was sampled
periodically. C, Mean diameter plus standard deviation of four
measurements demonstrates reproducibility of vesicle

growth. From Hanczyc et al., 2003. a-b) Figure 3 and c) Figure 6A. Martin
M. Hanczyc, Shelly M. Fujikawa, Jack W. Szostak. 2003. Experimental
Models of Primitive Cellular Compartments: Encapsulation, Growth, and
Division. Science. 302: 618 — 622. Reprinted with permission from AAAS.
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Chapter 4: Evolution and Origin of Cells
4.4 Can non-living objects harvest and store energy? X3

e Context: Life consumes energy, and the first cells would need an abiotic way to harvest and store energy.

e Major theme: The origin of living systems occurred by natural processes, and life continues to evolve
within a changing environment; organisms can be linked by lines of descent from common ancestry.

e Bottom line: Nonliving vesicles can accumulate energy in the form of a pH gradient.

Biology Learning Objectives
o Use evidence to support the scientific understanding that life evolved from abiotic forces and
phenomenon.
e Discuss how vesicles can grow, compete, and store energy.
o Illustrate how abiotic structures exhibit dynamic and competitive behaviors.

In Section 4.2, you saw RNA molecules function as RNA polymerases. In Section 4.3, you saw RNA
molecules become entrapped inside abiotic vesicles and produce osmotic pressure to out-compete relaxed
vesicles for lipids. Life also requires energy, and so far you have not seen any data indicating that these
primitive cells could harvest or store energy. Is it possible for primitive, abiotic cells to store energy in an
abiotic world? Could growing vesicles sequester energy that could be used to do work at a later time? You
will analyze published data that will help you determine if energy storage is possible in an abiotic world.



How does conducting this experiment
relate to the RNA world Hypothesis?
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Figure 4.17 Vesicle pH after adding micelles. A, pH drops quickly at first, and then
slowly. B, Reduced pH immediately after adding micelles. C, Change of surface area
for vesicles in B. Three trials are shown with each line representing an exponential

curve fit. From Chen and Jack W. Szostak. 2004a. Figure 3. Irene A. Chen and Jack W. Szostak.

2004a. Membrane growth can generate a transmembrane pH gradient in fatty acid vesicles. PNAS.
101 (21): 7965 — 7970. Copyright (2004) National Academy of Sciences, U.S.A.
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Figure 4.16 Proposed mechanism for accumulation of a pH gradient
inside the vesicle lumen. The process proceeds from (A) through (D)

over time to gradually accumulate H™ ions inside vesicles, which
lowers internal pH. Lipids can flip from one side of the bilayer to the

other. From Chen and Jack W. Szostak. 2004a. Figure 2. Irene A. Chen and Jack

W. Szostak. 2004a. Membrane growth can generate a transmembrane pH gradient
in fatty acid vesicles. PNAS. 101 (21): 7965 — 7970. Copyright (2004) National
Academy of Sciences, U.S.A.
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Model of pH Gradient Production
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Figure 4.17 Vesicle pH after adding micelles. A, pH drops quickly at first, and then
slowly. B, Reduced pH immediately after adding micelles. C, Change of surface area
for vesicles in B. Three trials are shown with each line representing an exponential

curve fit. From Chen and Jack W. Szostak. 2004a. Figure 3. Irene A. Chen and Jack W. Szostak.

2004a. Membrane growth can generate a transmembrane pH gradient in fatty acid vesicles. PNAS.
101 (21): 7965 — 7970. Copyright (2004) National Academy of Sciences, U.S.A.
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If 1t looks like a cell, and acts like a cell...?

e Lipids can form through abiotic mechanisms.

e Abiotic vesicles can form spontaneously.

e Abiotic vesicles can trap RNA inside them.

e RNA ribozymes can polymerize RNA molecules.

e Abiotic vesicles can grow by consuming additional lipids.

e Abiotic vesicles can compete against each other for lipids.

e Abiotic vesicles can divide and leak their RNA cargo with each division.

e Abiotic vesicles with RNA inside can outcompete vesicles lacking RNA inside.



[FROM MOLECULES TO ORGANISMS]

After chemical reactions created the first genetic build-

ing blocks and other organic molecules, geophysical
processes brought them to new environments and
concentrated them. The chemicals assembled into more
complex molecules and then into primitive cells. And

some 3.7 billion years ago geophysics may have also
nudged these “protocells”to reproduce.

BY ALONSO RICARDO AND JACK W. SZOSTAK

Fresh clues hint at how the
Microscopic first living organisms arose
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? from inanimate matter
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';;".E" - very living cell, even the simplest bacterium, teems with mo-
lecular contraptions that would be the envy of any nanotech-
nologist. As they incessantly shake or spin or crawl around

the cell, these machines cut, paste and copy genetic molecules, shut-

tle nutrients around or turn them into energy, build and repair cellu-
lar membranes, relay mechanical, chemical or electrical messages—
the list goes on and on, and new discoveries add to it all the time.

Nucleoti.des_u nderQOing [t 1s virtually impossible to imagine how a cell’s machines, which

polymerization are mostly protein-based catalysts called enzymes, could have formed

RNA BREEDING GROUNDS

In the water solutions in which they formed, nucleotides

would have had little chance of combining into long http://LifeOrigins_SciAm_Ricardo-Szostak2009.pdf
strands able to store genetic information. But under the |
right conditions—for example, if molecular adhesion
forces brought them close together between microscopic
layers of clay (above)—nucleotides might link up into
single strands similar to modern RNA.
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LIFE ON EARTH

BY ALONSO RICARDO AND JACK W. SZOSTAK

Fresh clues hint at how the
first living organisms arose
from inanimate matter

very living cell, even the simplest bacterium, teems with mo-
lecular contraptions that would be the envy of any nanotech-
nologist. As they incessantly shake or spin or crawl around
the cell, these machines cut, paste and copy genetic molecules, shut-
tle nutrients around or turn them into energy, build and repair cellu-
lar membranes, relay mechanical, chemical or electrical messages—
the list goes on and on, and new discoveries add to 1t all the time.
[t 1s virtually impossible to imagine how a cell’s machines, which
are mostly protein-based catalysts called enzymes, could have formed

http://LifeOrigins_SciAm_Ricardo-Szostak2009.pdf
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