Laboratory 6: Molecular Biology

*discuss the rpinciples of bacterial transformation

*describe how to prepare competent E. coli cells »

*discuss the mechanisms of gene transfer using plasmid vectors

*discuss the transfer of antibiotic resistance genes and tell how to
select positively for transformed cells that are antibiotic resistant
*discuss the mechanisms of action for restriction endonucleases

*discuss how a plasmid can be engineered to include a piece of foreign DNA
that alters the phenotype of the teransformed cells

*understand and be able to explain the principles of electrophoresis as
they pertain to separating and identifying DNA fragments

E. coli is an ideal organism for use in molecular biology; grown easily,
its circular chromosome contains 5 million base pairs (1/600 that of
single human sperm). These bacteria also contain plasmids, small circular
DNA molecules of 1000 to 200,000 base pairs; extrachromosomal, they
replicate with the <cell, and can be transferred during bacterial
transformation. This phenomenon of transfer of DNA from one bacterium to
another is normall rare, but it occurs best when cells are in a competence
stage: humans have figured out a way to make cells competent by adding
Cca*® or Mg™ . It also seems as if they take up DNA best after a short
pulse of heat, so humans manipulate the temperature at which parts of this

process are dane. '

A gene that would be easy to detect 1if transferred is antibiotic
resistance. For example, E. coli is normally killed by ampicillin, but if
a gene for ampicillin resistance was placed into it and worked, the
bacteria should be able to thrive, even on plates with the antibiotic
present. You can purchase plasmids which already have this gene inserted

into them (see below the process).
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To get the plasmid into the bacterial cells, you must treat them carefully
with CaCl, to make competent, add plasmid while solutions are on ice; heat
shock with "pulse of heat" in 42°C water bath for 90 seconds, then return
to ice. Now streak bacteria on agar plates with nutrients plus ampicillin

antibiotic and incubate for two days.
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If cells were, "transformed", they should now contain the gene for
resistance to ampicillin ‘and should grow well on antibiotic-containing
plates while, non-transformed cells are killed. Visual inspection will
show some colonies that are thriving; transformation efficiency 1is
expressed as the number of resistant colonies per microgram of plasmid.
That can be calculated if you observe 70 colonies after placing only 100
L of broth there (originally there was 500 uL diluting 0.05 ugram of
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The restriction enzymes used to introduce fragments of "foreign" DNA into
plasmids are more specifically restriction endonucleases. Several are

very famogs (EcoRI and HaelII...the first letter stands for the genus of
the organisms from which it was isolated, the next two letters are the

first of the species name, the fourth letter the strain -- may or may not
have this =-- and the Roman numerals indicate whether it was the fist
enzyme isolated, the second, or so on....) These restriction

endonucleases recognize specific 4-6 base pair DNA sequences, and many
cleave the helix off-center to produce "sticky ends" or overhangs which
allow recombination with other pieces with the same "sticky ends".. If
plasmids are cut with a particular enzyme and a wanted gene is spliced out
with the same one, they may re-anneal and form a single circular strand of
"recombinant DNA"!

Restriction enzymes can be used to digest a sample of DNA and then the
pieces electrophoresed; after migration of the DNA through an electrical
field, the gel can be stained and a banding pattern corresponding to the
number of sites recognized by the enzyme will be seen and an estimation of
the base pair size can be made when compared to a known standard.

When any molecule enters an electrical field, the mobility or speed at
which it will move is influenced by the charge of the molecule, the
strength of the field, the size and shape of thewmo}ecu}e, apd the density
of the medium (gel in this case) through which it is migrating. All this
-makes it possible to separate heterogeneous populations of molecules. If
all molecules start at the same place (parallel wells in the gel) and are
run under identical conditions (in buffer, toward a positive electrode
which attracts the negative phosphate groups of DNA)! DNA fragmentg should
separate into bands that migrate in inverse proportion to their size: the
smallest run the farthest and fastest! Dyes help the molecule bands
(groups of similar molecule fragments) show up more clearly.
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By knowing how far DNA pieces of known base-pair size run, you can
estimate the molecular size of all the bands on a gel! For example, if a
9,000 base-pair piece ran 2 cm from the start well, and a 620 base-pair
piece ran 10 cm, you could estimate how large most other pieces were by
plotting those points on semi-log paper/ a straight line there will
predict the size by distance run with fair accuracy!
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" 3. Energy transfer occurs in all cellular activities. For 3 of the following 5 processes involving energy transfer,
explain how each functions in the cell and give an example. Explain how ATP is involved in each example you
choose.

+ Cellular movement

+ Active transport

- Synthesis of molecules
+ Chemiosmosis

+ Fermentation

4. The diagram below shows a segment of DNA with a total length of 4,900 base pairs. The arrows indicate reac-
' tion sites for two restriction enzymes (enzyme X and enzyme Y). :

Enzyme Enzyme EnZyme "~ Enzyme
X Y | X. ~ X |
DNA Segment * * * ' " : o
Length (base pairs) 400 500 1,200 - 1,300 1,500

(A) Explain how the prmcxples of gel electrophoresm allow for the separation of DNA fragments

(B) Describe the results you would expect from the electrophoretxc separation of fragmcnts from the followmg
treatments of the DNA segment above. Assume that the digestions occurred under appropriate conditions
and went to completion.

I. DNA digested with only enzyme X

II. DNA digested with only enzyme Y
"III. DNA digested with enzyme X and enzyme Y combmed
IV. Undigested DNA

(C) Explain both of the following.
(1) The mechanism of action of restriction enzymes
(2) The different results you would expect if a mutation occurred at the recognition site for enzyme Y.



Question 4 Standards

Overall Commentary for Question 4

This question expected students to focus on conceptual material in the area of
molecular biology as well as on a laboratory experience in the AP Biology cur-
riculum. The question was written with three distinguishable parts, the third of
which is further subdivided into two. The first of these sections is on principles
of gel electrophoresis; the second on expected results of an experiment; the third
on the mechanisms of restriction enzymes and the effects of mutation at a
restriction site.

In Part A, students could earn points for demonstrating understanding of the
roles of electrical potential and charged particles in electrophoresis, for recogni-
tion of the rate/size relationship of the movement of fragments, for a description
of calibration, and for the factors which affect resolution; an additional point
could be awarded for an explanation of the use of apparatus. In Part B, one point
was awarded for a correct description of each of the four expected sets of
results. In Part C1, points were awarded for the mechanisms of recognition and
cutting of the DNA, with a possible additional point for particular details. Since
C2 asked for a change in results when mutation occurs, points were awarded for
each of the two possible changes as well as for theoretical possibilities of how
such a mutation might have altered the target sequence.

PART A. Explain how the principles of gel electrophoresis allow for the
separation of DNA fragments. (4 point max.)

Electricity ............... Electrical potential (charge, field) moves fragments

Charge.....cccovvruennee Negatively charged fragments/ move (toward (+) anode)
through gel/(-) charge due to phosphate groups

................. Smaller fragments move faster (farther) relative to larger
fragments/Describe logarithmic relationship

YV VYV VY
~

Calibration.............. DNA’s of known molecular weights are used as markers/
standards
Resolution .............. Depends on concentration of gel; is determined by pore
. SizE , o
Apparatus ............... DNA is stained for visualization of bands/explains use

of wells, gel material, tracking dye, buffers

PART B. Describe the resuits vou would expect from electrophoretic sepa-
ration of fragments from the following treatments of the DNA segment
above. (4 point max.)

P TreatmentI ... Describe 400, 1300, 1500, 1700 bp fragments — or 4
bands — or correct diagram with explanation

P TreatmentIl........ Describe 900, 4000 bp fragments — or 2 bands — or
correct diagram with explanation

»  Treatment III........ Describe 400, 500, 1200, 1300, 1500 bp fragments —

2

or 5 bands — or correct diagram with explanation
Treatment IV........ Describe 4900 bp fragment — or 1 band — or correct
diagram with explanation



PART C1. The mechanism of action of the restriction enzymes (4 pt. max.
for both C1 and C2; For a 10 must have at least one point from each section

in part C)

> Recognition.......... Binding of enzyme to target sequence/Specific short
bp sequences of double stranded DNA are targeted/
Recognizes specific targets 4-8 bp long/Site may be

palindromic
> Cutting ... Enzyme cuts at every target location/may cut frequently
or rarely
Cuts but does not alter the sequence
Alternate: ..................... One point may be given if instead of the above it is

clear that the students says that the enzyme cuts at a
specific point
P Detail Point.......... Fragment lengths correspond to lengths between cut-
‘ ting sites/May generate blunt or sticky ends
Methylation or modification
~Breaks the phosphodiester bond/Describe mechanism in
living systems '
Restriction site may function as a genetic marker

PART C2. The different results ... if a mutation occurred at the recognition
site for enzyme Y.

»  ChangeinII........ Uncut/1 band (looks like V)
Change in I1I........ Like I: 4 bands
Alternate: ...........ccc...... One point may be given instead of the above, if it is

clear that the student says that Y sequence is no
longer recognized and cut
P Detail Point.......... Describes that RFLPs (markers) might correlate with
phenotypic variation
Y site might become an X site
Deletion/Insertion at Y site — changes fragment length
Silent alteration (pyrimidine > pyrimidine or purine

> purine) in some-target-sequences——
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Question 4 Overview

How prepared were the students?

A large number (16-17%) of students did not respond or provided no biological
information for Question 4. In addition, a significant number of students (22%)
wrote, sometimes extensively, but were awarded 0 points because they provided
no pertinent information, only incorrect information, or used genetic terminol-
ogy but did not address the question. The remainder of the students’ answers
had scores distributed rather evenly across the total range. Evidently, according
to students’ comments, many students had no prior experience with a lab in
molecular genetics or no significant conceptual material on gel electrophoresis
or restriction enzymes. Some students with minimal preparation were still able
to interpret the experimental design reflected in Part B of the question. The most
prepared students could handle Part B with relative ease and also received, typi-
cally, three points on Part A and 2-3 points in Part C.

How were the standards applied to the sample student responses?

In order to assure that a student with a high total score had answered all parts of
the question, each of the major sections had a maximum of 4 points and a score
of 10 could only be given if both parts of C were addressed.

GOOD ESSAY (8 points): This is a reasonably good answer. The student
describes the use of electrical current to move fragments and describes the use
of the apparatus. Note that the relationship of fragment size to distance is given
incorrectly. In Part B, three of the appropriate results are predicted, but the
fourth is omitted. The student notes that restriction enzymes recognize and cut a
sequence but does not elaborate on either of these. A detail point is given for the
description of sticky ends produced by the cleavage. The final point is given for
the description of why recognition and cutting no longer occur after the mutation,
even though there is incorrect information in this paragraph.

~—3EXCELLENT ESSAY 1 (10 points): This essay demonstrates proficiency. In

3

E

Part A the points are for electricity moving fragments, for recognition of move- -

‘ment-of negatively charged DNA toward the anode, and for the rate/size rela-— -

tionship. In Part B, all 4 points are awarded for correct predictions of results of
all four treatments. In Part C, this student could receive four points although
only three are needed to reach 10. These points are for the description of the

) mechanism’s use in living systems, for the general description of the recogni-

{

@w&m

tion/cutting functions of the enzymes, for a description of results when Y func-
tion is lost, and, finally, for the possibility that mutation could produce different
fragment lengths.

EXCELLENT ESSAY 2 (10 points): The student describes three principles of
gel electrophoresis: the use of electric potential to move fragments, the negative
charge of DNA fragments, and the relationship of size to rate of movement. In
Part B, all four results are correctly predicted, including the correct length of
fragments. In the first section of Part C, the student receives a point for the gen-
eral recognition/cutting function of the enzymes and another point for their role
in living systems. In the second section of Part C, there is one point for the rec-
ognition that the sequence is no longer recognized and cut after mutation.
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EXCELLENT ESSAY1
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QUESTION 2 1998

By using the techniques of genetic engineering, scientists are able to modlfy genetic material so that a pamcular gene of i interest ﬁ-m,,
one cell can be incorporated into a different cell. P b
Describe a procedure by which this can be done.

e ¢ o

A

+Explain the purpose of each step of your procedure.:

Describe how you could determine whether the gene was successfuily mcorpomled v
Describe an example of how gene transfer and incorporation have been used in a biomedical or commercial application, "

Ipt obtaining gene: © B Purpose for 1-3 steps of procedure (Why)

restriction enzymes K 1 pt e g. restriction enzymes to produce sticky ends; :
mRNA --> cDNA cDNA has no introns which bactena can t
aa seq--> DNA . R L splice. o
1solatmg plasrmd with choxce gene “

I pt makmo a packaging/ deliverv svstem 1 pt 50 gene can be delivered to spec1ﬁc site;
rnake vector (plasmid, virus, YAC.); - = so plasrmd can be taken up by host cell;
gene gun; ligation to vector. ¢+ . .sogeneis placed with appropnate regulatory

o sequences.
| pt incorporating: transformation (CaCl,, heat o 1 pt change permeability (cornpetence) of host;

1 pt

5 shock) viral infection, ligase,

(c0va.lent1y) bond piece mto host DNA
lectroporamon PEG

< \ . —-elaboration >

(appropriate and detailed extra description: controlled expenmental deswn explananon of

electrophoresis or use of radioactive/fluorescent probe)

how to deterrmne gene mcor_-gorauon 1. exgressxon

NOT phenotypic change alone

e.g. antibiotic resistance - colorchange ..~ . .
protein assay change in electrophorenc rnobxhty
reporter genes - sequencing
probe

Elaborauon (detailed explanation of how, why it works, etc.; e.g. dxdeoxynucieot:de method of
gene sequencing.)

L pt_Application (one)

g. trunsgenic animal . FlavrSavr Tomato frost resistance
" herbicide resistance '~ monoclonal antibodiés growth hormone
gene therapy (specific) insulin production making clotting factor

Elaboration (not just second example; explanation of importance. how it is done. etc.)



Write in the box the number of the question you are answering , »
on this page as it is designated in the examination. e A

x\ G)f;nc\—(c, snqricening WNvelvez Jne, %X;ﬂgxr&m r.f— «Cirmcn

me.mns% (4 - YR
Ao o&mag,o’\m{- cv}ot\. Np<t- o@sﬂ 2NCiee S uwt_

Wiy CaaIA <SS o drouwac peres, O\ e, N O(‘éei“%’o
hose. a mbadac cre.d e ol e WeorQreed witd
A Nt et ] e musk Qice. ok cone Wnbo adasm\AJ
ara m%ggmw O\&sm\a Wes Sne. Mok oell. W
> Ao sdice oC cut e puft Tt A
r»—rﬂmunm‘a e aﬂc, A inerst  udhe  Edvichen Qu2UCS, k;r:a.mmj
Cor 2ndy nuc?u\c,c& @éﬁ, (15t ction L0ZUMES s qoecxég o
a_penticulor  geshicken site mamvaq & deaves (e cute) ov“
a_ oov%’rcu\w nucecdde b ense PC‘—‘-\’> SOUCe ., e 12 B
a  Veckne (uhich e usuallu @ dasm\d\ Ve, q:\\ceo\\c\ecxf@ha‘cw’%
WA e enrme . adndchan 2n7umye . *Lo,émrs(»_rf,@ a%voad? (03157 PJL
)feh\d‘m: v o onrtieldax (@th\} qme,%o be \mcﬁ:e(m%a:{ m’cD
ew w,\/ec%(r o~ gosmid mut b, cleased b\AJ(‘fE,S(LYT)é/
2 ed abion atzume. in e In QDAL Nl ords WL?W&
A%‘vs-\r‘m, Qﬂdé 0, cene . S'Tck-u,—e«\’w\s are. Vocanh o
knvawvd page d) DB’ W WM‘L*O h‘-'C{YEOM Lo Wb~ elab:d
Cory ol rmunt (A>T 2 67C) Now Srek e his peies d ™R
ace. Seavned (S ofin Hie. rededcion 2N2ugre -’?f\eu st ke
(nded taodkes Yo e Sreen @i wD. M}wah Wiz s
e, 0 hundwd cercent: owan o <ol amant | sugcesshd
Lo nant dm—gﬂmd will <uflee. Grevrec MW— S
M@%@v—% Qoamid s ol e, A o dicaler\n dpw LT
Sice g *ch-su\rmm}{m 0 cm\mﬂﬂ Ikeien t< o °
_ounlde Bl vzdidance conel Sich af ¥ one gn e FW
_QQASOW (S ent b Ampoic Cu’\\ Novu e = oot
_\ Aennnd CeeyRx 5\ uc\ (od=mriee <eNd e ,zm,cﬂ/mf%jﬁ

and alty 4 (m\%% lm:lﬁ’) ffmz/\ Sutngeh Aliows W Aremnd
o fzpacm,f,é GP@ W glasm%’@ avu, me (3%} R«%&t%
s intrrduced v e ol Aegnzae This LNZYPLS




» o Write it the box the number of the question you are answering "~
; ' /9 ) on this page as it is dcsignaxcd in th: examination.

clues ‘Pf\.ﬁ_/ %(*déu ondg cho&%f bu, atby nin e DV
/Lmﬁ Sltgon /mefﬁeowb% (P(/’bémdﬁcﬁ:m/‘ fd)’rds m:ﬁ Qad
Alem ano CRACED A %@o £ GnchisA A Lo
t’es’w\c%m eﬁzm m (\ewk’h mtm\mm’r b&asm as
mw Nst \ac_,ﬁrvrmsévr—w\ hto lt\/w’m cell< ( zzc\:zr\cx (LLCJ’\
04 Tocoli Vet gne o Cu/ anase ; oohmwm %m_b—@{‘
w&ma\ Ly mbe w—dCLSMLd! T, Membr“w 0’1
Ane- Dcvc’lmvxc\ muér\c;e wtodene ol MHM Q@ﬂf%u,
cells  hpwe  lxen Incdodzd and duw Trive v duke ‘,‘:%
&P p(asmm’s Mo calls axe O@Lud W R uick hm\lx’sb&k_.,,,q
cho e La:u_\’»bﬂc\ rolls oare ﬁfzom(b\ Yo bJﬁOm&im neerport
aaon’, <o B Lbertn (mﬁm«m)f\ Qoo m\ e\m\/\i‘:\
e \nmluden Png oAb, Cb{vsomc\m(\fb o
Xne. «p S\ence, £o00 0 ¥ie  Cose. Gmm AW L Tnis 4
| SSe s Mnod ’%'ne, p\ag(ﬂm\ AONnLou Mo (cuwta/‘\‘\'\g, ?79@1
/LY‘(\,DtQ\ W\ yzs}'am{, mm, nmd-{‘\(\mjr rmms hL MNS 2t
a éu%{qsﬁw Jnemsﬁwvw m\ ’W\—L Oérv\ CUS%-LC\ me‘d-'cem
Yoo Cnecloodeod  mnar Y\’\L\N\ ong Spce gl - |

v P WA ak m\arMncQO M\\Cf'é—km

g omrﬁuéﬁm mew\u\ Todzad gl (m\fun< H—~
Crom_codoweres, SO UINS e Pul e cne
ken e Wﬁw\ m o dasmid ondd mcmo&a%e,
iy ‘Oa@—z/no AP it e o o ofochaes . S8 WA\
m rﬁ\&%’r‘/\,\% A\/@ Anocdoce Iny msut\/v\ oamxo\/\r.\/\
rm‘t@s b QLM omdw&tcm\

Af’f






