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ABSTRACT:

After properly isolating, purifying, and testing the activity of a phosphatase (VH1) from
Vaccinia, | began making point mutationsin its DNA in order to ascertain how its structure affects
itsfunction. VH1 isagene from avirus called Vaccinia, which is a homologue of Smallpox, but
harmless to humans. | was given the H1 gene inserted into a vector (pET 16b) and | transformed it
into E. Coli bacteriain order to express protein. This gene codes for a dual-specificity phosphatase
(it acts on both tyrosine and serine-threonine), which has a homologue in humans (VHR). My goal
Is to make point mutations around the active site of VH1 and see how they affect its function. In
order to determine which amino acids to mutate, | looked at the active site of VHR (whose structure
is known) and compared these amino acids to thosein VH1 — | ran a BLAST search to compare the
codes of the two homologues. The first mutations | decided on are g113r, g113a, r116s, and r116k.
| succeeded in inserting the gene into E. Coli cells as shown by the Restriction Digest, and the
protein is being over-expressed as shown by an SDS PAGE gel analysis. After many trials, |
purified VH1 protein and found out its concentration by using a standard curve for nitrophenol
phosphate. | attempted to mutate the original DNA using a PCR reaction and specially-designed
primers, but | have not been able to get enough mutant DNA to usein transforming cells.

INTRODUCTION:

Vacciniaisavirus homologous to Smallpox; it is, however, harmless to humans. It has one
phosphatase encoded in its genome called “ Tyrosine Phosphatase’; it isalso called VH1. Tyrosine
Phosphatase is a dual-specificity phosphatase, which meansit can interact with both tyrosine and
serine-threonine residues. Though we know its function, we do not yet know the structure of this
phosphatase. Luckily, VH1 has homologues in other species and one of these homologuesisin
humans; it is called VHR. Since we already know the molecular structure of VHR, itisused asa
template for what VH1 should look like, at least around its active site. Though it isvery uncertain
asof yet, it is possible that VH1 can be used as atarget for future vaccines against Smallpox. The
gene was given to me by Alexandra Martins (PhD) who is aresearch associate in Sloan-Kettering
institute — | got in contact with her via Stewart Shuman of the memorial Sloan-Kettering Cancer
Research Center. The main people who are working with VH1 right now are Paula Traktman,
Steve Broyles, and JE Dixon — Paula Traktman was the first one to isolate and cloned the gene.

Phosphatases are enzymes that catalyze the hydrolysis of phosphates (—PO,), otherwise
known as dephosphorylation. Thisisto say, phosphatases remove phosphate groups from various
proteins by inserting water where the phosphate is to be detatched from the protein. This act



deactivates or activates the protein that has been dephosphorylated. Activation and deactivation of
proteins usually changes the shape of the protein. A protien in its deactivated state is different in
appearance from its activated state. Phosphatases work alongside kinases to regulate the activity of
cellular proteins. Kinases activate proteins by adding phosphate groups and phosphatases
deactivate the proteins by taking away the phosphates, or vice-versa. Since Vacciniahas only one
phosphatase in its genome if that phosphatase cannot dephosphorylate the virus becomes
disfunctional.
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A phosphatase takes water and uses it to remove a phosphate from the amino acid; a kinase uses
energy in the formof ATP in order to add a phosphate to the amino acid (ATP gets
dephosphorylated in the process). The R-OH stands for the dephosphorylated and (in this case)

activated compound.

The special thing about VH1 in particular isthat it is a dual-specificity phosphatase. Most
phosphatases react with either tyrosine residues or serine-threonine residues, VH1 dephosphorylates
both. Thisisvery useful for Vaccinia, it does not need to code for two phophatase since it has VHL1.
Viruses, similar to living organisms, need to be efficient + they cannot afford to waste their
resources on things they do not need. Coding and translating only one phosphatase, especialy
when that phosphatase can do two jobs, is much more efficient than coding for two that can only do
onejob each.

| want to test the activity of VH1 in its normal form and in mutated form, therefore | need
protein to test. In order to grow VH1, E. Coli cells+ called BL21 (DE3) + must be given the proper
DNA and need to be induced. The induction agent is called Isopropyl-1-thio-f-D-
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galactopyranoside or IPTG. Simply, IPTG promotes the expression of the VH1 gene using the lac-
operator system. The lac operon is called an inducible operon because it is stimulated (made to
work) when asmall molecule (IPTG in this case) interacts with aregulatory protein. In the case of
VH1, before the actual code of the protein is an operon that usually has arepressor bound to it
preventing protein synthesis. In the presence of an inducer, the repressor’ s shape is changed
because it is bound to by theinducer. The presence of IPTG makes sure that the repressor is
inactive most of the time the cells are producing proteins + which is all the time until | take them
out of their media
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We do not yet know what the structure of this specific phosphatase is, or which amino acids
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out of its one hundred seventy one are crucial to its function. There have been afew mutations
doneto VHR to see what makes it work, but VH1 has had only one mutation done to it that
demonstrated that its cysteine 110 is crucial to its function. Hypothetically, since Vacciniaisa
close homologue of Smallpox, some of its genes could be used as targets for future vaccines. VH1
iIsagood candidate for atarget since protein regulation is crucia to survival it is actually the most
likely target. If we can figure out which amino acid residues are participating in dephosphorylation
and, therefore, crucial to H1' s function, we could potentially knock out the phosphatase. Thisis
still along jump from where we are now, but it is a possibility.

Sincein al proteins structure determines function, we assume that VH1 should have a
similar shape or, at least, asimilar active site to its homologues. Since my overall goal in this
project isto see which amino acids are crucial to VH1, | used a three-dimensional model of its
human homologue = VHR =+ to determine which amino acids were close to the active site. After
looking at the model, | compared the sequences of the two phosphatases (using BLAST) and
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assumed that where there were many conserved amino acids is where the active site was. With the
help of Dr. Hagler, a computer program, and a 3D model of a closer homologue of VH1 than VHR,
we made arough 3D model of what VH1 would probably look like

My goals for this project are to isolate, purify, test, mutate the H1 gene, and test the mutants.
Isolation isfairly simply done by inducing special E. Coli cells (called BL21DES3), lysing them with
lysis buffer, and then breaking up the DNA in the cell mixture so that the isolated protein is easy to
take out of the tube. DNA makes cell matter very gooey because it isincredibly long £ an E. Coli's
DNA is about three feet long if unraveled. Purification is done with special beads that attach to the
poly-His tag at the end of specially-marked proteins = similar to the IPTG used in induction. The
protein, once purified, should be eluded off the beads, unless the beads do not hinder protein
activity. To test for phosphatase activity, one must mix the phosphatase and something it can react
with + like p-nitrophenol phosphate + in a buffer of an appropriate pH + pH8 or 7.5in my case. The
mixture is then incubated + 37°C in this experiment + and checked either by eye or by
spectrophotometer to see how much precipitate £ yellow nitrophenol phosphate here + isformed in
what amount of time.

Mutations require specially designed primers (oligonucleotides) to be mixed with the regular
DNA and everything needed for aPCR in a special PCR program. The primers have the mutation
encoded in them along with a palindrome restriction enzyme sequence so that they can be detected
inarestriction digest. The primers attach to their respective DNA strands (5" or 3°) and grow from
there incorporating the mutant sequence into the vector insert. A PCR program must be created to
alow for the primers to bond, but not be destroyed + the company we got the primers from gave us
this figure, which is decided by the number of mutated bases in the sequence.

Once this process is completed, the PCR product is purified and ligated back into circular
plasmids. After that, the plasmids need to be re-inserted into E. Coli, grown (only the mutants will
grow since they will have gotten the ampicillin resistance gene), and tested. The tests should be for
the presence of the insert and then for phosphatase activity in the same manner as one would test
any other specimen for the same things. An assay should be performed to see whether the mutation
has done anything to the phosphatases activity.



METHODS:
Background (method from fall & winter terms):

a

Y

7KHILWWLQ) , QGZKHY, WHHYHGP\ ' 13 ZD/'\RWDQURP IWQRARP SHMQN + o FHIY\R
that | could grow more H1. The H1 gene was given to meinserted into the pET-16b vector.

After taking the freshly grown cell plates out of the incubator, | picked afew colonies off the
plate and put them into a tube containing 5mL of LB-ampicillingg. | let these cultures incubate
overnight at 37&C in the Roll-in-Incubator.

The next day, | took 1.5mL of the grown cell culture and isolated the DNA using the Easypreps
protocol.

| did adigest using the restriction enzymes BamHI and Ndel and ran it on an agarose gel.
(These two enzymes are supposed to cut out the H1 gene at its edges.)

Next, | retransformed my DNA using the same transformation method asin thefirst step | list,
and incubated them in a plate overnight and then in LB-amp100 overnight. Thistime | isolated
the DNA using a cleaner method * cleaner meaning the DNA you get out of it is purified, there
isno “other stuff” along with it.

After getting purified DNA, | again did a digest with BamHI and Ndel and ran it on an agarose
gel.

Using my purified DNA, | transformed BE21DE3 competent cells so that | could over-express
and extract protein.

| took the plate of cells out the next day, picked afew colonies, and put them into LB-ampigo
just like before, except this culture was incubated for only about 4 hours before | began the
protein isolation protocol.

After the protein was isolated, | ran the protein on an SDS PAGE gdl.

After the SDS PAGE gel was dyed, but before it was destained with an acetic acid destain, |
purified the isolated protein. | did one purification with the pH5 buffer, and another with the
Imadazol e buffer.

In RAUWR\WWZ KHKHUP\ SIRMOQKDGDQ CRMNMW , FRPEQHG 1/ R P\ SXUIIHGSIRMQ
ZW W/ 0 p-QWRSKHRCBKRSKDMAOWGIQ 1/ R [ 7TUVEXIHU S+ DGLICRPEDMS
the mixture in the 37&C water bath for about an hour. If the protein is \WHH MBHRNVZ LK \KH -
nitrophenol phosphate causing the color of the mixture to change to yellow.

In between the time that | was over-expressing protein and purifying it, | was deciding on what
point mutations | wanted to do. The modeling program | used is called “Chime,” it allowed me
to look at VHR from various angles and see which amino acids were physically in the active
site. By highlighting the active site of the molecule and zooming in, it was very clear which
amino acids were very near and therefore affecting the shape of said active site. When |
clicked on the amino acid that looked like it had an effect on shaping the active site the
program told me what the residue was and which number amino acid it wasin VHR's code.
Once | found which amino acids were good targets for mutation, | compared the structure of
VH1 and VHR using a BLAST search. This search told me where the two proteins were
homologous or similar and | narrowed down my list of possible amino acids based on which
ones were conserved between the two molecules.



¥, After reading through scientific papers on mutationsin VH1 (and VHR to be on the safe side)
to make sure | wasn't repeating old experiments, | decided on two residues | wanted to mutate:
glycine 113 and argenine 116 (the numbers stand for the relative position of the amino acid in
the whole chain which isH1). | want to change glycineinto first argenine (since their shapes
are very different) and then alanine (since they' re both nonpolar). | aso want to change
argenine into serine (since they are different in shape and size) and lysine (since they' re both
basic). The hard part about creating the new DNA code | needed for these point mutations was
adding in restriction enzyme cutting zones without altering the codes for amino acids around
the ones | was mutating. After afew hours, it all worked out well.

a Sincel had no successfall term in purifying my protein, | decided to test whether the protein
had an active site. Thistype of test is performed by a Western Blot, which uses His-tag
specific antibodies to determine the existence of the protein's His-tag. A Western Blot test is
done by running aregular SDS PAGE gel using the desired protein and then transferring the
protein onto nitrous-cellulose paper with electricity. Before transferring the protein, | cut the
gel in half so that | could run aregular protein analysis paralel to the blot. This process plus
the development of the Western Blot took me 4 days.

a | re-purified my protein and thistime | kept it on ice and even cooled the centrifuge tubes in the
freezer so that the protein would not degrade. The new purified protein was run on an SDS
PAGE gel the next day along with the crude protein | started with and the flow through | got
from the purification process.

a Agan, | cut the gel intwo and used one half for a Western Blot and the other for aregular
protein analysis.

a Following the purification, | also tested the activity of my purified extract against the crude
protein and alkaline phosphatase (which waVWHSRMYHFRQARD |, XVHGWH\MCP Hj-
nitrophenol phosphate test as during the fall term.

a Thinking that perhaps | did not even have the insert since my earlier restriction digests had not
worked, | decided to do three different digests. Again, | used the Ndel and BamHI digest, but |
also did an Xbal and BamHI digest and an Xhol and BamHI digest. The Xhol and BamHI
digest was a control since the insertion of VH1 would have taken out that restriction site.

a After therestriction digest, | transformed more BL21DES3 cells, over-expressed protein in them,
purified the protein, and ran the purified, crude, and flow-through protein on an SDS PAGE
gel. The methods | used to do this are the same as in the fall term except the purification,
which | managed to do completely on ice in order to preserve the protein.

Basic Method:

a Sincethegel | ran the term before indicated that protein might have been getting stuck on
the beads | was using, | transformed more BL21-DE3 cells and obtained Agarose Beads
instead of nickel ones. Using an empty pET-15b vector as a negative control, | purified my
protein using the new beads.

a Thefirst purification | did was a practice run using protein only from the induced VH1-
containing sample. | tested the existence of VH1 using an SDS PAGE gel and performing a
p-nitrophenol phosphate test (all as in the previous terms) + both gave me definite, positive
results.

a Sincethetest run gave me good results, | purified all my samples and performed an assay
XMQJ p-nitrophenol phosphate. At first | obtained a standard curve using 6 dilutions of



nitrophenol phosphate (starting at 2.5 * 10 and ending at 7.8 * 10°®). | then added an
amount of each protein sample (VH1 induced & uninduced and pET-15 induced &
XQAGHEHS W p-nitrophenol phosphate and took absorption readings over a half-hour period.
Using the absorption reading from 10 minutes | compared it to my standard curve to find out
the concentration of my VH1 phosphatase. | aso ran some of the protein on an SDS PAGE
gel to see how much | had.

a Now that | had an effective way of purifying and testing my protein | began my mutations.
First | resuspended my primers (oligonucleotides) in water and phosphorylated them so that
| could use them. Second, | ran a PCR reaction with them, DNA, and enzyme to hopefully
get mutant DNA. To test my results | ran an agarose gel and | ligated my DNA so that |
FRXGWIQIRP ' + o FHOYDQGIHNP XEQNRBQH/

Recipes.

Agarose gel

1) Inan Erlenmeyer flask that can fit into the microwave, mix .4g of agarose into 40mL 1x
TBE.

2) Microwave the mixture until it boils.

3) : KHRQWHP [ WHLFRRHRAIK\WRRAK FRP IRMEO B35 11/ R HKAXP BRP LGH
a) Bevery careful, ethidium bromide is a carcinogen and a suspected mutagen!

4) Pour the mixtureinto agel tray and let it harden.

5) Onceit ishardened, add enough 1x TBE (it acts as a buffer) to submerge the gel in the gel
box.

SDS PAGE ge

1) Separating Gel: mix the following ingredientsin a small beaker (in order):

a) 4.4mL pure water
b) 2.5mL separating buffer
¢) 3.1mL 30% Acrylamide
d) w [P P RQXP -per-sulfate (Amps)
€e) 6.5mL TEMED
2) Pour the mixture in between the prepared glass plates.
a) Makesureit doesn't leak!

3) Stacking Gel: mix the following ingredients in another small beaker (in order):
a) 4.3mL pure water
b) 1.8mL separating buffer
c) 875u/ $SRYQ@P LAH
d) w $PSV
e w 7(0(

4) Pour the mixture in between the prepared glass plates on top of the polymerized Separating

Gel.
a) Make sure you do this before the mixture polymerizes!

1x Elution Buffer (pH5)

1)

Mix the following in a beaker with 80,/ R SXUHZ DMJDQGWHR S+ DG DEGHFRHHADMG
NaOH until the pH is5:

a) 0.2875mL CH3COOH (glacia acetic acid)
I 50mM

b) 1.753g NaCl
I 300mM



2) : KHQWHS+ WDFAKHY  DBGHRXIK SXUHZ DMMRP DNHWHYROPH — /

1x Imadazole Elution Buffer (pH7)
1) MixthefollRZ1Q IODEHNHIZ W 11/ R SXUHZ DMJDQGWHRSH DG DEG FRAHADMG
acetic acid until thepH is 7:
a) 0.204g Imadazole
I 150mM
b) 0.138g NaH,PO4 (sodium phosphate primary)
I 50mM
¢) 0.351g NaCl
I 300mM
2) When the pH reaches 7, add enough pure water to make the voOPH  u/

Buffer Tween (pH7.5)
1) Mix thefollowing (about 75mL in total):
a) 50mL Phosphate-Buffered Saline (PBS) (pH7.5)
b) 3.8mL 5M NaCl
c) 21.2mL H,O
d) w 7ZH020
i 0.05%

Buffer A (pH8)
1) Mix thefollowingin 5mL of water:
a) w 7TWV St
i .M
by u/ 0J&Q
I 5mM

10X Buffer B (pH®6)
1) Mix thefollowing with water up to 8mL in total:

a) 5mL Tris
i .5M

b) W/ OAHBM &+ 3COOH)
i 1M

2) Get to pH6 using NaOH and add water up to 10mL.

Old Protocols:
(During thefal term, | %)

*WZ PRH9+ ' 1% B WBQURPIQ ' + o AHY

TransformatiRQLOR' + o &RP SHMN&HDY

1) 2BMQ 1/ R' + o FHIURP \WH+B0&C freezer and pipette them into a1.5 mL
microcentrifuge tube.
a) Keepthesecellsonicel

2) $G5 i/ RWH' 1$ \RXZDK\RWBQIRP IQRWHWEHR ' + o FHOY

3) Keep thisonicefor 30 minutes.

4) Heat-shock the cells by putting them into the 37éC water bath for 20 seconds.

5) Immediately put the cells back onice for at least 2 minutes.

6) $GC 1/ R WX %\R\WWHWWEH
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a) Use sterile technique!
7) Letthe cellsincubate in the LB for 1 hour in the 37éC water bath.
8) 7DNH /R \WHFHDY %P L] \WUH\WKDAKDVEHHLGRXEDINY DG \SUHIGIWRQR DQLP SHAN
plate.
a) Obtain ethanol, a glass spreading rod, and aflame.
b) Dip the rod into the ethanol and set it on fireto sterilize it.
¢) When thefire goesdown, VIXWWKH 11/ R FHOYRQWR\KHSDWDQG\SUHIGWHP Z WK
the rod.
I Touch therod to aside of the agar to make sure it's not too hot!
d) Resterilizetherod again by burning it.
9) Incubate the plate overnight at 37€C.

Isolated my DNA using first the 2dirty method and then the @clean one.

Isolating DNA (“dirty” method) —from “ Easypreps’

1) Centrifuge 1.5mL of LB-amp and cells for 30 secondsto pellet the cells.

2) Agpirate (pour off) the supernatant (the liquid on top, which happens to be LB-amp).

3) Resuspend the FHOBHDINQ 11/ R OMVEXTHJXMQ) WHISHWRUYRYW HJ

4) Boil the cellsfor 60 seconds.
a) Make surethe caps are on tight or they'll pop open!

5) Hold the cellsonice for 60 seconds.

6) Centrifuge the cellsfrom 15 to 20 minutes so that the plasmids end up in the supernatant and
the chromosomal DNA and other @crud® ends up pelleted.

7) If you are not going to do adigest right away, freeze the cdlls.

Isolating DNA (3clean® method) — from a kit
1) Centrifuge 1.5mL of LB-amp and cells for 30 seconds.
2) Aspirate the supernatant.
3) SHXAGHGWHSHDIN) 1/ R 9%1HJ3
a) Buffer P1 istaken from the kit.
4) $GG 1/ R YNIHBE DGLQHYWHWEHRP L
5) $G5 1/ R 9IHL DGIOQMHWRP (]
a) Thisshould cloud the mixture
6) Centrifuge the mixture for 10 minutes.
a) Whileyou' re waiting, prepare a spin-column and a 2mL collection tube from the kit.
7) Decant or pipette the supernatant into the spin-column.
8) Centrifuge the spin-column inside the collection tube from 30 to 60 seconds and discard the
flow-through.
9) $G 1/ R YXIHJ3% AQrifuge and discard just like in step #8.
10)$G5 1w/ R YXIHI3( AH XIHDRGAVALE MWINHLQ WS
11) Centrifuge everything again for 60 seconds and discard the flow-through.
12) Place the spin-FROP QLORDFBDD P/ WEHDQGDES 1/ R YXIH) %
13) Let the mixture stand for 60 seconds.
14) Centrifuge the mixture for 60 seconds.
a) Theflow-through isthe purified DNA.
15) If you are not going to do adigest right away, freeze the cells.
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(During the winter term 1¥4)

| did adigest using the restriction enzymes BamHI & Ndel, BamHI & Xhol, and BamHI & Xbal
and ran them on an agarose gel. Thefirst combination of enzymesis supposed to cut the H1 gene
out of the vector exactly at the gene's edges; the second is supposed to cut out the gene along with a
part of the pET16-b vector; the third is not supposed to cut if the geneisinserted.
Digest
1) Inal.5mL microcentrifuge tube, mix the following ingredients:
a u'13
b) 1/ BEXIHJ
C) W HKHJ\PH
i Enzyme amount can be varied dlightly.
Il Add the enzyme(s) last so they do not degrade.
d) 3XUHZDMAMXP DNHWHYROPH 11/
I Make sure to keep everything on ice!
2) Incubate the tubes in a 37&C water bath for 30 minutes to let them digest.
a) You can make agel while you're waiting.
3) If you are going to do the digest right away, add 5;1/ R G03Q) G HWRHHK \WEH
Otherwise, freeze the digest(s).

Upon completing the digest, | ran an agarose gel (see 2Recipes?)

Using my purified DNA, | transformed BL21DE3 competent cells so that | could over-express and
extract protein.

Transforming into BL21DE3 Competent Cells

1) 2BMQ i/ RY%W ' ( FHYIUWRP \WHE80&C freezer and pipette theminto a 1.5 mL
microcentrifuge tube.
a) Keepthesecellsonicel

2) $G5 1/ RWH' 135 \RXZDK\RWBQVRP [IQRWHWEHR % ' ( FHY

3) Keepthecellsonicefor 30 minutes.

4) Heat shock in a 37éC water bath for 90 seconds.

5) Put the cellsback onicefor at least 2 minutes.

6) (*Optiona) Add 1ImL of regular LB to the cells.
a) Use sterile technique!

7) 7TONH W/ R WHAHD %P L WUHRUDOR \WHRHQoNly mixture (posslE® GH3IQ)  w/
LB soit'smoist) and spread it onto an ampicillin plate.
a) Obtain ethanol, a glass spreading rod, and aflame.
b) Dip the rod into the ethanol and set it on fireto sterilize it.
¢) When thefire goes down, squirt the cells on to the plate and spread them with the rod.

i Touch therod to aside of the agar to make sure it' s not too hot!

d) Resterilize therod again by burning it.

8) Incubate the plate overnight at 37€C.

| took the plate of cells out the next day and | picked afew colonies off of it (using sterile

toothpicks for each one). | touched thetip of the toothpick (the part that had touched the colonies)
into atube containing 5mL of LB-ampicillinyg; this culture isincubated at 37&C overnight. The
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next day, | poured the 5SmL culture into 100mL of LB-ampiq0 and incubated that for about 4 hours
before | began the isolating protocol.
I solating Protein

1)

2)
3)

4)
5)
6)

7)

After BE21DE3 colonies have been picked and incubated in LB-amp for afew hours (not
RMHQIKWDEED W/ W P/ R ,37* PO P/ QOMRQ DGincubate for another hour.
a ,QP\DH,KBG P/ RAHMR,D335 / R ,37*

Centrifuge 1.5mL of the LB-amp and induced cell mixture to pellet the cells.

Aspirate the supernatant.

a) SPSloading dye (enough to lyse al the cells) can be added at this point if you want to
run the gel now.

Resuspend the cellsin .4ml of 1x Elution/Wash Buffer with lysozyme.

Freeze the cells at -80&C and then thaw them. Repeat this 3 times, so that the cells lyse well.

(*Optiond) If the lysed cell mixtureistoo gooey, you can add DNAseto it that will break

up the DNA, which is causing the gooeyness. Incubate the lysed cellswith DNAseonice

for aslong as it takes to de-goo the culture + the amount of DNAse can be varied depending
on the size of the culture you started with.

a) DNAse needs to be bought and mixed with 20mM TrisHCI (pH 7.5) + 50mM NaCl +
1mM ditheothreitol (dtt). The concentration of DNAsein this mixture should be 20
mg/mL.

Freeze at -80€&C if you are not continuing to purify the protein and are not going to run agel.

a) Add about the same amount in i/ R 636 GBAQ G HDVSIRMOQU DIGZ KHQ\ RXWXQD
gel.

After my protein was isolated and de-gooed but before purifying anything, | added water to the
centrifuge tubes, put a smaller tube inside the water, and froze the whole thing so that | could keep
my protein cold even when it was being spun (first picture). | also cut a Styrofoam cup in half,
taped the top of the cup with waterproof tape, filled both halves with water, and froze them so |
could rock my protein on ice (second picture).

13
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Freeze

| was now ready to perform the purification and not degrade the protein.
Protein Purification (TALON Metal resin affinity beads)

1)

2)

3)

4)
5)

6)
7)
8)
9)

Obtain a centrifuging column with resin and a collection tube. Break off the breakaway seal

on the bottom of the column and put the column into the collection tube.

a) All the materials are from aKkit.

b) All the steps are to be done at room temperature unless you need to pause the procedure;
if you pause the procedure, pout the tubes on ice.

Centrifuge the column without its caps for 2 minutes. Discard the flow-through.

a) Set the centrifuge for 2400 rpm, thisis how fast you should centrifuge throughout the
purification.

Add 1mL 1x Extraction/Wash Buffer and centrifuge the column with its caps for 2 minutes.

Discard the flow-through. Repeat this step 3 times.

Add 1 mL of your isolated protein to the column with its caps.

Let the mixture sit for 30 seconds, briefly vortex and then agitate the mixture for 5 minutes.

Centrifuge the column without its caps for 2 minutes. Discard the flow-through.

Add 1mL 1x Extraction/Wash Buffer to the column with its caps on.

Do the samething asin step #5.

Repeat steps #6 and #7 three times.

Add 600/ R ( OMRQYH I HMRWHHAROP QZ MWIWHEVRY  3UHEDUHDI AWK FRBRNY \WEH

10) Let the column sit for 1 minute, vortex quickly, and centrifuge the column without the caps

for 2 minutes.
a) Theflow-through isthe protein.

11) Repeat steps #9 and #10 twice.
12) Run an SDS PAGE gél to test for protein.

After the protein wasisolated and purified, | ran it on an SDS PAGE gel (see 2Recipes°).
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Since | was planning to do aWestern Blot, the SDS PAGE gel had two of everything run on it so
that when it wasfinished | could cut it in half. Half of the SDS PAGE gel was used to perform the
Western Blot.

Western Blot

1)

2)
3)

4)
5)
6)

7)
8)
9

After the SDS Page gel has run amost to the very end, sandwich it with nitrous-cellulose
paper between three sheets of regular paper on both sides. Place this sandwich into a
specially designed container and run a current through it to allow the protein to attach to the
nitrous-cellulose paper.

Put the n-c paper into 5% milk, and store it in the refrigerator.

a) Thiscan be stored aslong as needed as long as the milk is not rancid.

Add a 1/3000 dilution of primary antibody to the paper (diluted in the milk)

a) | used 20mL milk and 6.5/ R SUP DY DQMERG

Agitate this for one hour at room temperature.

Wash the n-c paper in TBS 3 times for 5 minutes awash.

Add a 1/40000 dilution of secondary antibody to the paper (diluted in the milk)

a , M5 P/ PIOIDG i/ R SUPDY DRMERG

Agitate this for one hour at room temperature.

Do aquick wash with TBS to get most of the milk off.

Develop the paper in 10mL of asolution of .1M TrisHCI + .1M NaCl + 50mM MgCI2 and
DEGGWWWNROWRY 1/ 1%/ DG 1/ %%,3 IQWDNRGU

10) Red bands should appear during 30 minutes of agitation at room temperature.

Explained Protocols:

Using the same protocol as during the previous term, | transformed BL21-DE3 cells with DNA
from VH1 and aplain pET15b vector. | plated these cells and incubated them overnight. Many
colonies grew on both plates; | picked two colonies off of each plate and grew them overnight in
5mL LB-ampioo (as before). These cultures were put into 100mL of LB-amp;go and induced two of
the four with 100,/ ,37* DWULCPEDMY IR KRAY 7 KHRXAMUH/Z HHIUR HQLOWH+80°C
freezer.

After lysing the cultures with 1X Extraction/Wash Buffer + 75 mg/mL lysozyme (4mL Buffer :
50mL culture) | ran an SDS PAGE gel analysis on all four cultures (see 2Recipes?).

, SXULHGP\ SRIYHVIP SBI 9+  LQBFEG XMQ QF BHIGY , X\ w/ R \WHO\DMDEG

W RWH  BOGVKVGSHMRQ
Protein Purification (Ni-NTA Magnetic agar ose beads)

1)

2)

3)

4)

5)

9RW WHBEDO/DQGLP PHADMY D35 11/ R \WHBE-DG/\R\WHO\DM

a) Besurethat you don't let the beads settle to the bottom of the tube again.

Let this mixture of proteins and beads mix on ice form 30 to 60 minutes.

a) Use the same rocking method as described just before to first protein purification
protocol.

Use amagnet for 1 minute to bring all the beads to one corner of the tube and gently pipet

off the supernatant.

5HP RYHWHP DDAHNDQGZ DKWHBHIGVZ W 1/ R \WHY THU7 Z HHQ \HH35 HASH

mix the solution well, use the magnet again for 1 min to isolate the beads, and pipet off the

buffer. Repeat this2 or 3 times.

6 VRUHWH SXUL LHG SURM.Q DG BHIG/ R Z KLIFK WY DMEIFKHGLOCERXW 1/ R \WH THY

Tween.

15



a) Elution is not necessary since the beads do no inhibit protein activity and can be run on
an SDS PAGE gdl.

D/ R WHSXULLHGSIRMORQDD6' 6 3$* ( JHODQGWAG\WWHRMU 1/ Z W p-
QWRSKHROSKRSKDM ) RUHp- QUIRSKHIROSKRSKDMWIY XHG 1/ 30 p-
QURIKHROSKRGKDM 1/ 9+ RQEHI/  j/ 9BAIHUS \FH35HASHY).

Because the first purification attempt was successful, | purified my other samples (same protocol)
and created a standard curve so that | could assay my samples.
Creating a Standard Curvefor Nitrophenol Phosphate Concentration [yellowness]
1) Dilute nitrRIKHIROBKRSKDMIQR ; 904 I HRAWR IJHAMHARGFHHQADARY/ 110 1o
1o 1o 10 10 = theyellow coloration should go down as the substrate
concentration decreases.
2) Setting the Spectrophotometer to 410nm wavelength record the absorbance for each sample.
3) Graph the data points using the substrate concentration on the x-axis and the absorbance on
they-axis. Calculate astraight line that, more-or-less, hits each data point + thisis the
standard curve.

To determine how much protein | had, | put 10p/ R HFK SRMOQVP SBIIQROERW P/ R

9 IHSS OGP/ p-nitrophenol phosphate (12 * 107 diluted ten-fold in the buffer). | incubated
the four samples (three negative controls and one positive sample) in the 37°C water bath
periodically taking them out to check their absorbance. After about 30 minutes, only my positive
sample (VH1 induced) had a noticeable change in absorbance. | compared the second absorbance
reading | got for VH1 induced to my standard curve and calculated my protein concentration to be
.3284,.0

| resuspended my oligonucleotides in pure water to make their concentration be 1mM and
phosphorylated them.
Primer Phosphorylation
1) Incubatein 37°C water bath for about 60 minutes (5ATP to 1 Primer):
a w ; 31. WIH
b) w $73
I 100mM
c w 3UPHJ
d u 31K
i Add last because thisis an enzyme

To create mutant DNA, | ran a PCR reaction with the mutant primers (g113r, g113a, r116s, r116k)
and the purified DNA | obtained during the fall term.
PCR Mutation of Gene H1 using Pfu Enzyme
1) OU IOD u/ 3&5 \WEH LQthis order!):
a u'1$
by w C3UPHJ
c u CUPHJ
d W @73PL
e u ; 3IXYWNIH
f) W/ SXUH+,0
[ Up t0 Vit - }l./
g u 3IX

16



2) $G W/ PIAHDRARQWS R \WHVROMWRQ W SUHYHNYDERIDINRQ
3) Put the tubesinto a PCR machine and run the following program:
a) lcycle
i 4 minutes 94°C
b) 16 cycles
i 1minute 94°C
ii 1 minute 63°C
iii 4 minutes 72°C
4) When the PCR is completed, freeze the samples.

To test whether the PCR had accomplished anything, | ran a 1% agarose gel (same as before).

| purified my PCR so that | could useit.

PCR Purification (from Kit)

1) To45u/ 3&5 MPSBIPL 1Q 1/ YXIHI3%
a) Ignorethe minerd oil.

2) Put the sampleinto the provided flow column and spin for 60 seconds. Discard the flow-
through.

3) : DKWHRROPQZIW 1/ 9XIHB( DGRHUWXIHIRU VRV ' MDGWHIGZ -
through.

4) Put the column into aclean 1.5mL tube.

5 (OWZLM u/ YXIHX %DGRQUXIHIRU  VHRQY

a) *(Optional) before centrifuging, let the column sit for 60 seconds.

In order to transform Cells with the mutant DNA, | ligated the purified PCR samples by mixing
WHP 1Q W/ @DHEXIHIDG i/ 7 ' 1$ QDHDGOWD \WHP \IWRVDNRRP WP SHIDMUHIRU
about 2 hours. | heat-inactivated my samplesat 65°& IRU  PLQAMW $GAQ 1/ 9IH)

wo+22 ol SQ IQRHIKWEH , LPEDMGWHVROMRQat 37°C for 90minutes.

7TRVHHLU , RXGIWZ PXIRQNRBQAH/, WDMRPHS 1/ "+ aZIW o/ PXBRQNV 1$ MPH
procedure as before).

Since my first PCR yielded no colonies, | redid my PCR using slightly different materials.
PCR Mutation of Gene H1 using exTaq
1) O LOD u/ 3&5 WEH IQWVRMEHJ
a u'1$
by w C3UPHJ
c w CUPHJ
d w SAH+,0
i 8SW u/
e w HvDr
2) $GG W/ PLCHDORARQWS R WHVROMRQWR SUHYHINYCERIDARQ
3) Put the tubes into a PCR machine and run the following program:
a) lcycle
i 4 minutes 94°C
b) 16 cycles
i 1minute 94°C
i 1 minute 63°C
iii 4 minutes 72°C

17



4) When the PCR is completed, freeze the samples.
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RESULTS:

Thisisthe vector in which H1 was given to me. It was inserted in between the BamH| and the Ndel
restriction enzyme cutting sites.
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A.
Theladder | used to run my agarose gel is called 2-1og-ladder; its sizesin kilo-bases (from top to
bottom) are: 10, 8, 6, 5,4, 3,2,1.5,1.2,1,0.9,0.8,0.7, 0.6, 0.5, 0.4, 0.3, 0.2, 0.1 (the bold numbers

are the brighter bands)

Theladder | used to run my SDS PAGE gel is broad range; its sizesin kilo-amino acids are: 175,
83, 62, 47.5, 32.5, 25, 16.5, and 6.5.
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Thefirst datathat | got wasarestriction digest with BamHI and Ndel.
1. Thiswas using the Easypreps method, so the DNA was not clean. The gel order is: ladder, tube
#3, tube #7, tube #9. (1 just picked these tubes randomly so | could test for the insert).

1.1.
1.1.1. Asyou can see, therestriction enzymes did not cut; the lowest band in #3 and #7 is

the isolated DNA in vector form and the band above it (seen in al three samples) is
junk that was not taken out of the sample because the DNA was not purified.
1.1.2. | wasexpecting to see aband at 513bp.
2. Thisismy second digest that | did the same way as the first just incase the enzymes didn't get
into the solution the first time. The results are exactly the same. The gel order is: not mine, #3,

#7, #9, not mine.
Junk

21 :
2.1.1. Inaddition, it is confirmed here that tube #9 doesn't have DNA init.

3. After | purified the DNA, | ran another gel digest with BamHI and Ndel. The gel order is:
ladder, #1, #2, #3, #4, #5. )

3.1
3.1.1. Thege isvery clean, but nothing was cut again.
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4. The agarose gel electrophoresis of digests using BamHI and Ndel leads me to think that either
one or both of the enzymes are degraded or one or both of the restriction sites got cut out at the
time that the H1 gene got cloned in. If the latter hypothesisis correct, | cannot test for the insert
using the digest with BamHI and Ndel. If one or both of the enzymes are degraded, thereis no
problem, we just need to order more enzyme.

After isolating protein afew times, | ran an SDS PAGE gdl.

The order of the gel is: N (control), &nduced, € i, d, G, C, b;, b, &, &, ladder.

o u

6.1.
6.1.1. Therewas not enough food for the induced cells to make proteins, so this gel shows

nothing.
6.1.2. | was expecting to see darker bands in the induced samples than in the uninduced
samples at 17kb.
7. Thistime, the cells were given fresh mediato grow in and, therefore, they had not yet consumed
all their resources by the time they wereinduced. The order of thisgel isthe same asin the

previous: ladder, a, &, b, b, ¢, ¢, d, d;, e e.
F. TTTT——

701 It isVéry obvious that al the induced proteins have a thick band where the uninduced
have barely any band or no band. Thisthick band isVH1; it isat the proper size (171
amino acids), and the uninduced positive controls are barely (if at all) producing this
protein.

7.1
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7.2.
7.2.1. Thisisaclose-up of the above SDS PAGE gel; the best cultures are b and ¢, which

are shown herein the middle.
7.2.2. Thereason b and c are considered the best is because their bands are the brightest
(especialy b) and therefore contain alot of protein.
8. Afterisolating protein from b, | ran another gel: ladder, b, 20 (control), 39; (not mine).

8.1
8.1.1.Though faint, the H1 band exists; it is the lowest bright band in the b column, the

control has no band of that sort. The band would have been brighter had | used more
protein.
9. When | tried to purify thisisolated, over-expressed protein | got this photo:

9.1
9.1.1. Thoughitisnot aclean gdl, it iseasy to seethat the only thing that came up on it

was the ladder. No protein got on the gel and when | tried testing for any protein
AW R P L] LlQJ IWZ WK -nitrophenol phosphate, nothing happened + | was expecting
acolor change. Therefore, no protein was purified.

9.1.2. | was expecting to see only one band at 17kb.
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10. | redid the protein induction and isolation and ran agel, again, on the isolated, over-expressed
protein. The order of this gel isladder, then three over-expressed clones.

1.
10.1.1. Though the ladder came out very faint, there was alot of over-expressed protein.
11. The next gel that | ran after | purified the protein was completely blank except for avery faint
ladder. There was defiantly no protein from my purified samples of VHL1.

Along with running gelsto analyze DNA and protein, | decided on which amino acidsto
mutate and how to mutatethem once |l knew my techniques.

12. After determining which amino acidsin VHR were closest to the active site, | ran aBLAST
search to find out which amino acids were conserved. VHR has 185 amino acids and VH1 has
171. Thisiswhat it gave me as results:

121, e . VHI
. s mmeemmm VHR

30 VTNI;IYIGNYKNAM DAPS + (jKFKIVLNLTM DIY"I;i ------------------- SNIN I|HI PLVD 79
33VTPRIYVMGNASV AQD | PKLQKLG ITIHVLNAAE GRS FMHVNTNANFYKDSGITYLGIKAND 92
80 DTTTDISKYF DDVTAFLSKC + DQRNEPVLVHCAAGVNRSGAMILAY LMSKNK 130
93 TQEFNLSAY FERAADFI DQALAQKNGRVLVHCREGYSRSPT LVIAY LMMRQK 144
12.1.1. (First line = VH1, second line = VHR; the numbers stand for the number of the
amino acid in the phosphatase; the dashes indicate the red part on the diagram; yellow
= identical, gréen = similar.)
12.1.2. The amino acids that are alike are the ones around the active sites.
13. Since the structure of the active site of VHR has to be similar to that of VH1 (structure
determines function and their function is the same), | used a program called 2Chime® to look at

what VHR looked like at its active site. The active sites are colored in white and the other
amino acids are in their proper CPK colors.
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131 4 = ™ .
13.1.1. VHR has atop part and a bottom part to it; the top part has the first active site
illustrated and the bottom part has the second active siteillustrated. Basically, al the

amino acids around the two active sites are the same, so | used the first one as amode!.
13.2.2. | will be mutating g113r, g113a, r116s, and r116k.

14. Using the amino acid code of VH1, amodel of one of its homologues, and a special computer
program, | attained this image of what the shape of VH1 could look like.

14.1. .
14.1.1. My ability to use this modeling program lets me visualize what it isthat | am

working with. With it, | can highlight various molecules or groups of molecules, zoom
in on them, and look at them from different angles. In order to decide which amino

acids | wish to mutate, | ssmply tell the program to highlight the active site, zoom, and
rotate the image to see which amino acids are closest to it.
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Winter Term
15. 7TKIV\WWP , BEHIDRE XQQQJ DR6' 6 3%* ( JHOMG SXWH

————

W o RXH W - - lad,

pure, --, crude, crude.

F T i —
TN ee— ‘

15.1. . ; g :"'I = d{___‘f_r
determine whether there was something in the purified lane so | ran

15.1.1. It was difficult to
another gel; thereis obviously protein in the two crude lanes.

15.1.2. Thisisapicture of the second half of the gel the first half was cut off and |

performed a Western Blot on it; the Blot came out completely blank.
15.1.2.1. TheWestern Blot would have had red bands wherever it found VH1 (at about

17bp).
16. My second SDS PAGE gel had newly purified protein run onit: lad, A (purified; 251/ %

UG W RXH o IGZWRIK o/ @GS % AXEH IGZ
—l —

| -
-
i

16.1.

16.1.1. Though this photo did not come out well, you can see that the elution of the
purification yielded a small amount of VH1. However, along with the band for VH1
are the bands for all the other proteins produced by the cells (very faint); aso, the flow
through (supposed to be al proteins but VH1) has more VH1 than the purified samples.

16.1.2. Aswith gel 15.1, | cut thisone in half and performed a Western Blot on it; once

again, the results were 100% negative.

17. Since | did KDYHVRP HEP RXQAR SXULLHGSIRMQ , UDRDyz-nitrophenol phosphate test. | had
four tubes: crude protein, purified protein, blank (negative control), and akaline phosphatase

SRYHARQARD 7 KHSRYHFRQAROG-BKRSKRY @M \WHp-nitrophenol phosphate within
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two minutes; it took the crude protein 48 hours. The negative control and the purified protein
never changed color + | waited aweek for any hint of a yellow coloration.

18. | decided to test for the VH1 insert again by running arestriction digest + just incase. Thistime,
| ran three different digests: BamHI & Ndel (513 bp piece; 2de?), BamHI & Xhol (no cutting;
aho°), and BamHI & Xbal (613bp piece; 2ba®). The gel order is: lad, ba, de ho.

18- I

18.1.1. Itishard to seein either picture, but it looked like there might be something in the
apeP lane. Otherwise, the gel shows no cutting.

19. 7TKHHWAJRW DRZ W 1/ ' 1$ D/RSSRHGWR 1/ DG, WHGRPAWQ WH' 1$ | Z DVY\HQV
originally with BamHI and Ndel. The gel order is: lad, ho, ba, de, de (original).

19.1.

19.1.1. All the lanes seem to have partially digested £ | need to redo the digestion.
20. 7TKHQH WHD DRZDVXMQ 1w/ R' 1$ DIDQBEXAVWKVWP H, LCPXEDMSP\ \OP SBVIQWH
water bath for about 2 hours. The gel order is. lad, ho, ho, ba, de.

20.1.

26



20.1.1. Though very faint, both 2ba® and 2de® cut and 2beP is about 100bp bigger than 2de®
which isabit bigger than 500bp. The red line points to 500bp.

20.1.2. Thisanalysisindicated that | had the insert and it was the right size for the VH1
gene. The2haoP lanes have no cutting which is good since the insertion of VH1 into the

PET16-b vector should have taken out the Xhol cutting site.
21. Thelast thing | did before the end of this term was re-induce and re-purify my protein. | kept
everything on ice and took extracts of my crude protein along the way. The SDS PAGE gel
RGLLY @G RXAH LQGHG

W RXEH XQQGHG RXGH L RXAH X RXGH L
W 1®Z-u, pure-i, pure-u.

crude 3u, flow-L

w

"21.1.1. This gel is 10% as opposed to the needed 12.5%; my protein is actually at the very
bottom squished together with other proteins.

Spring Term

22., QD JHY W\WHRGU @G/

SXUWHu, pure-i, flow-u, flow-I, denatured-u, --, --, --
denatured-i, crude-u, crude-i. | got denatured protein by eludind P\ FROP QVZ WK
SDS running buffer.

w R

| L
221,

22.1.1. The induced denatured column has afaint band at about 171 amino acids. This

indicates that the protein is not washing off of the beads properly. Since this band
exists and is bright enough to see new beads needed to be bought that did not require
an elution step.

23. After growing more BL21DES3 cells, inducing them, and isolating their protein, | ran another
6' 63%* ( JHOXQMMAHCOG i/ 94, Vy, P, Py MBQHG@G 1/
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23.1. :
23.1.1. Though the first ladder did not come out well, induction of VH1 is seen only in the

Vi lane, which iswhat | wanted to see.
23.1.2. The arrow is pointing to the approximate size of the desired phosphatase.
24. | purified V; with agarose beads and ran half of it on an SDS PAGE gel and tested the other half
with p-r nltrophenol phosphate. Gel: lad, 1, 2, 3, 4, 5, 6, --, Vi, lad. (Numbers are not mine)

;Y

'i- ' -

24.1.
24.1.1. The purification worked since this photo shows a prominent band at the size of about

171 and it isthe brightest band of al in that lane.

RARL

24 2.1. Thisisthe basic proJUWMRQR FRRURKBQIHWDN MY ZKHD, DB3HE9 + R -
nitrophenol phosphate and let them incubate at 37°C. The times are 0 minutes, 2
minutes, 5 minutes, and 15 minutes.

25. Since the previous purification worked well, | purified al my samples (Vi, Vy, P, and P,), ran
them on agel and assayed them. Gd: lad, u, i, lad, Vi, V, P, Pu.. (Theu and i are not mine)
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25.1.

25.1.1. The last three lanes are cut off because they were completely blank, as was expected.
Though it is hard to see here, thereis aband at the proper size for VH1 in the lane V;.

2
1.8

Standard Curve

A

1.6
1.4

/

1.2

/

1
0.8

e

0.6
0.4

Absorbance (410nm)

0.2
0 -

0.00E+00 5.00

E-07 1.00E-06 1.50E-06 2.00E-06 2.50

Concentration

E-06 3.00E-06

25.2.

25.2.1. The absorbance points are: 1.74, 0.875, 0.442, 0.23, 0.111, and 0.05.

25.2.2. Y =6.9E5X +

7.2E-3

25.2.3. The green dot is the best absorbance reading that | got for VH1' s activity; it

corresponds to the red circle on the next graph.
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—o— Vi 0.143 0.235 0.35 0.4
—=—Vu 0.043 0.055 0.046 0.062
—a—Pi 0.044 0.037 0.03 0.037
Pu 0.051 0.039 0.047 0.061
Minutes

25.3.
25.3.1. All the lines started at zero absorbance, and all but the V; sample stayed at almost

zero absorbance throughout the 30 minutes. | took the second absorbance of V; (.235)
and compared it to my standard curve. When'Y = .235, X = 3.284E-7; therefore my
concentration of converted substrate is about 0.33;.0
25.3.2. Thered circle indicates the data point | used to compare with the standard curve. It
corresponds to the green dot.
26. With the assays working | started my mutations using PCR. To check whether | got any mutant
vector strands | ran an agarose gel. Gel: lad, g113r, g113a, r116s, r116k.

26.1.
26.1.1. Where the oval is, iswhere | was expecting to see the unraveled pET16b vector with

the mutated insert. There might be a band where the arrow is pointing at about
5700bp. The stuff at the bottom is primer dimer (useless).
27. |1 purified the PCR anyways, ligated it together to get round plasmids, incubated it with Dpnl,
DIGWBQMRP HG' + o FHYZ DKWHP XBRQY 1$  $ IWULGREDNY) RQSDMVIRU  KRAY
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there were no colonies on the plates indicating that no cells got the mutant DNA which would
have made them resistant to ampicillin.

28. My next step was to redo my PCRY4

DISCUSSION:

Sincethelast gel | ran Winter Term indicated that protein the size of VH1 was getting stuck
on the metal resin affinity beads | was using | decided that | needed to use beads that could be run
on gelswith protein. These beads were easier to purify with since | could do everything on ice
without creating bizarre contraptions and | did not need to elude the protein off of them in order to
test its activity. | had finally managed to purify and test the activity of VH1 + because my induced
VH1 samples all gave me positive activity and my controls had no activity | could now do
mutations.

The mutations were done in a PCR machine using first Pfu as an enzyme and then using
exTag. My PCR program was created based on the ligation temperatures of the primers | had
designed during the Fall Term. These primers have one mutation each (g113r, g113a, r116s, and
r116k) and all have restriction enzyme sequences coded in right where the mutation is so that |
know whether the DNA given to me by transformed cells definitely has the mutated H1 gene. My
first PCR yielded no colonies meaning that no colonies were transformed. My second PCR has not
yet been tested. With moretime, | could probably get transformants and test them for the insert, but

| have no more time.
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