
Expression
Gibson Assembly and Transformation
First Iteration (8.24.21-8.26.21)
Research and Design
The minimum number of fragments we could break our construct in the order were
three from IDT. The fragments contain 80 bp overhangs to the linearized plasmid and
were 959 bp, 320 bp, and 445 bp, respectively.

Build
After nanodropping and purifying our fragments, we combined the fragments and
Gibson assembly NEB master mix which contains DNA ligase, polymerase, and T5
Exonuclease. We then incubated and did E.coli transformation onto our agar plates.

Test
Our Gibson Assembly did not work because the only colonies visible were the colonies
on the ampicillin (-) plate with no growth on the ampicillin (+) plate. This means our
plasmid did not assemble correctly or was not transformed.

Learn
This means our plasmid did not assemble correctly or was not transformed, and this
was proved by the gel electrophoresis that we did with the gibson assembly products,
which did not show promising bands.

Second iteration (9.1.21-9.5.21)
Research and Design
As there may have been a few minor errors due to inexperience with the first iteration
of Gibson, we decided to repeat our protocols with a stricter adherence to incubation
times and keeping the cells on ice.

Build
This time, we made sure to be gentle with the cells when pipetting up and down to
homogenize them after taking them out of the -80C. We also made sure to keep them
surrounded by ice at all times.

Test
The Amp(+) grew colonies after 24 hours. The day after, a few more colonies grew.
After growing five colonies from the plate in an overnight culture and performing a



miniprep, it was shown that the plasmid was not present in a gel next to our linearized
backbone.

Learn
We were not sure if the colonies grew because of a successful transformation, or a
recircularized plasmid without our construct, or if the bacteria had developed some sort
of resistance to the ampicillin. Ampicillin is also known to be heat sensitive, and the
plates were made around three weeks ago.

Third Iteration (9.7.21-9.10.21)
Research and Design
We decided to transfer our successful colonies on the plate stored in 4C onto a
carbenicillin plate that is less prone to denaturation along with proper positive and
negative controls - the growth of the pRS plasmid and no plasmid, respectively.

Build
One colony from just the pRS plasmid transformation and one colony from the Gibson
transformation were streaked onto the new plate.

Test
The pRS colonies and full-plasmid colonies grew successfully on the plate. We
conducted a miniprep of both colonies. From the pRS plasmid, we linearized the
fragment and ran a DpnI digest to have more copies for yeast assembly. We also ran a
gel to ensure that the miniprep had worked successfully for the Gibson plasmid.
However, upon sequencing, it was discovered that the base pairs were misformed.

https://2021.igem.org/wiki/images/b/b7/T--CCA_San_Diego--fig15.png


Learn
Although it seemed like the assembly was successful because it grew on the plate, the
sequencing results were incorrect, indicating there are other processes that may give
the bacteria antibiotic resistance such as the re-circularization of the backbone without
proper insert of fragments, or some colonies “sneaking” past regions of media with
less antibiotic.

Fourth Iteration (9.11.21-9.13.21)
Research and Design
As we reasoned that the DNA may not be ligating properly because of mismatching
base pairs or mispriming, we decided to run a gel on the concentrated fragments
before conducting assembly to ensure that the fragments were the correct length
before conducting Gibson.

Build
After running the gel, we conducted Gibson being careful to keep the appropriate
colonies on ice and a total DNA amount of 1.042 pmol.

Test
Colonies did not grow on the ampicillin plates.



Learn
The 5-6 band on the gel shows that there are many different bands of the backbone
while there should just be one band at around 3754 bp, but only lane 5 is around that
length. In future assemblies, we should re-linearize the plasmid backbone. In addition
some of the fragments such as 3_frag have faint bands around other lengths even after
DNA purification, which may interfere with ligation.

Fifth Iteration (9.20 - 9.28)
Research and Design
As Gibson Assembly works optimally with a smaller number of fragments, we used only
a two-fragment assembly rather than assembly with the construct broken into three
pieces in order to focus on optimizing our most effective assembly.

Build
This iteration consists of several related trials - the first trial with two-fragment assembly
showed no colonies that grew on the Amp + plates using old PCR aliquots, but for the
successful assembly, new PCR aliquots and DpnI digests were run in order to have fresh
DNA stocks.

Test
The pRS colonies and full-plasmid colonies grew successfully on the plate. We
conducted a miniprep of both colonies. From the pRS plasmid, we linearized the
fragment and ran a DpnI digest to have more copies for yeast assembly. We also ran a
gel to ensure that the miniprep had worked successfully for the Gibson plasmid. This
gel showed no bands at all, despite having semi successful sequencing results.

Learn



The sequencing results show that part of the sequence is there, but the sequence is all
part of the backbone not of the actual insert. The expected results are 680 bp on GIB
AND 2, NOT on pRS4116 or the negative control. However, upon closer examination,
the misalignment of the sequence was due to the registering of multiple A or T peaks
as one peak on the trace file, and a second colony sequencing showed proper
formation of our full construct.

Yeast Transformation and Gap-Repair Cloning
1st Iteration (8.24.21)
Research and Design
We decided on a lithium acetate transformation into yeast. This would serve the
purpose of assembling the DNA as well as preparing for product production. In
essence, it would be skipping steps that Gibson would have to struggle with.

Build
The procedure would consist of pelleting yeast cells until suspending them in a LiOAc
and DNA mixture in the incubator. Once time has been filled, the yeast can be plated.



Test
One yeast assembly was conducted with 4uL of 1_frag, 2uL each of 2_frag and 3_frag,
3uL or pRS backbone, and 43uL water. These proportions would be used again in later
trials. The optical density was higher than expected prior to the procedure.

Learn
The yeast plate did not yield any cells. There were some suspicious aspects of the
procedure, namely the yeast density, which we will target in the next iteration.

2nd Iteration (8.30.21)
Research and Design
After reviewing the literature, it was discovered that the optical density was important
as the yeast should be in a logarithmic phase of growth.

Build
The same procedure was used as the first iteration; however the lithium acetate mix
was not added to harvested yeast and left overnight.

Test
100 uL of yeast were plated on URA3 (-) plates with a hockey-stick spreader.

Learn
The yeast colonies did not grow on the URA3 - plate likely because the reaction was
left frozen overnight. Although optical density is important, we should ensure the yeast
undergoes around two doublings before harvest.

3rd Iteration (9.2.21)
Research and Design
After finding a website from the Young Lab at Washington University about growing
out yeast, we decided to use the following formulas assuming a 1.3 hr doubling time
for our W303 yeast.

https://depts.washington.edu/younglab/yeastprotocols%28htm%29/Yeastculture.htm#:~:text=If%20the%20all%2Dday%20culture,30o%20for%2013%20hours


Build
Assuming g to be 13, and using simple serial dilutions with the optical density, we back
diluted our yeast to 4.8E-5 accounting for a 22 hour incubation time and aiming for a
final OD600 Nt of 0.4 A.

Test
After back diluting to .01 A on the first day, the OD600 on the next day was 2.012 A,
which was too high for the yeast to be in logarithmic growth. We returned to the
design stage by diluting the yeast to .212 A and waiting for one doubling time before
harvesting our yeast. We followed the same Lithium Acetate procedure.

Learn
The yeast did not grow on the plate. As we followed the protocols of our LiOAc
procedure stringently, we decided to look for new protocols that varied reagents, such
as adding DMSO and MgCl2.

4th Iteration (9.7.21)
Research and Design
After consulting a member at our lab, we decided to redo the same protocol but
centrifuge the cells at 10oC instead of at RT for 1 minute after resuspending in lithium
acetate.

Build
We added multiple controls to better understand what went wrong in our experiment:
we transformed the non linearized backbone plasmid, pRS4116, as a positive control to
observe growth. For our negative control, we transformed no DNA while still
undergoing the same LiOAc procedure. For the two experimental groups, we tested
the plasmid assembled using Gibson and also linear fragments for yeast assembly.

Test
We tested if our yeast assembly worked with sanger sequencing, however the DNA of
our plasmid does not match the expected DNA from our plasmid design. The Sanger



traces show promising peaks but misaligned with our DNA.

Learn
This may be because our Gibson and Yeast assemblies were not successful in
assembling the plasmid, or because we used old faulty plates that may have had uracil
in them. Later on, we learned that this misalignment may have been due to a general
alignment

5th Iteration (9.10-9.13)
Research and Design
We made new plates to transform our plasmid from yeast assembly because small
colonies grew on both positive and negative controls, although the plates were made
from selective media. After verifying that the W303 strain had an URA3 mutation, we
made our strains with YNB broth with hand-mixed amino acids. We then conducted
another LiOAc transformation with the linear fragments.

Build
We first purified our DNA with a DNA spin kit and used a concentrated amount of
linear amplicons for the assembly. The DNA was extracted using a lithium acetate and
ethanol precipitation extraction documented by Looke et. al, 2011.

Test
The plates from the yeast assembly did have small colonies on the negative control
without any DNA transformed in it, but they were a smaller size compared to the larger
colonies on the pRS4116 plate and the DNA-transformed plates. In order to verify that
this assembly was successful, new primers were ordered to amplify a 700 bp overhang
where the inserts would have been ligated. Unfortunately, the PCR verification showed
null results.



Learn
As the yeast still grew even when it was not transformed with any DNA, it may indicate
that the uracil uptake within the YPD broth keeps the yeast alive even when it is on
selective media. Oddly enough, when pelleting cells the colonies with the plasmid
from Gibson Assembly transformed in it looked slightly pink. This may be due to a
toxin released due to insufficient amounts of adenine .

6th Iteration (9.30.21)
Research and Design
Instead of shaking at 200 rpm in the 30C, we decided to test optimal yeast growth
conditions by using the countertop shaker 22 Co with just the two-fragment yeast
assembly.
Build
We decided to only plate 100 uL of yeast-water resuspension on the plates rather than
the full 200 uL to give the colonies more area to grow.
Test
The plates from the yeast appeared dead with no viable yeast cells.
Learn
Shaking in 22oC may have been the culprit to an unsuccessful transformation, and the
cell OD should be fairly high but in between the recommended OD600 of .2 to 1
before transformation.

7th Iteration (10.5.21)
Research and Design
We used a different procedure for yeast assembly from Takara Biosciences that uses TE
buffer and DMSO for the LiOAC transformation because we reasoned that our old



yeast assembly procedure wasn’t working in transforming our successfully assembled
plasmid.

Build: The OD600 of a yeast 1:10 dilution was .728 A after a 2 hr incubation with
shaking, before the culture was aliquoted into 1.5 mL centrifuge tubes and washed
with LioAc and stored with glycerol.

Test
After the plates grew successfully, we used genomic yeast extraction with ethanol
precipitation to break the yeast cell walls to do a gel electrophoresis.

Learn
The last band shows promising results because the overhang length is around 678 bp,
exactly what the primers were designed to amplify. This was the result of the
2-fragment yeast assembly and not the transformation from the miniprep Gibson
plasmid.

Protein Extraction

1st Iteration: Zymolyase-based protein extraction

Research and Design
Since the SDS did not show promising results, we decided to use the zymolyase
enzyme to digest the yeast cell walls to show more clear SDS page results.



Build
We added zymolyase, beta-mercaptoethanol, a chemical that activates zymolyase, and
yeast suspension buffer to our yeast cell pellet. Then, we centrifuged and left the
spheroplast pellet suspended in the yeast lysis buffer as our protein lysate.

Test
We ran an SDS PAGE with the spheroplast pellet, and saw no promising bands.

Learn
As this indicates that either the yeast cell wall was not ruptured or the bacteria is not
producing protein, we will do our Gibson assembly again but use 2 fragments in
addition to 3 fragment Gibson assembly.

2nd Iteration (10.8.21)
Research and Design
We decided to redo our protein digestion with a much higher concentration of
Zymolyase after consulting with Andy and deciding we wanted to completely destroy
the cell walls of the spheroplast pellet.

Build
We used 100 mg/mL of Zymolyase with the 100 uL of yeast suspension buffer from the
first iteration. All steps were done under the hood after the addition of the
beta-mercaptoethanol. However, the amount of yeast cells in a pellet after
centrifugation was extremely low. In comparison to the first iteration, the lysate was
clear and not cloudy.

Test
We ran an SDS PAGE with the spheroplast pellet, but no bands were visible similar to
the first iteration.

Learn
We identified two main culprits of the failed attempt - insufficient cell wall digestion or
insignificant cell growth. If it is the latter, it may be that the selective media lacks a key
ingredient necessary to grow the yeast, or that the yeast transformation was
unsuccessful as it cannot grow without URA3-.



3rd Iteration (10.11.21)
Research and Design
The only aspect of the procedure we decided to change was harvesting the cells after a
longer incubation time as it takes longer for yeast to grow in our selective YNB media.
Instead of an overnight growth, we grew the cells over the weekend for 72 hours.

Build
This time, the pellets were clearly visible, but again the yeast pellets from the selective
media were smaller in size and slightly pink.

Test
We ran an SDS PAGE with the protein lysates; which took two trials as the first
SDS-PAGE was not staining properly. For the second SDS-PAGE, a bacterial colony was
run along with yeast as a proof of method, and the gel was left in Coomassie Blue
overnight before being left to destain in water for a few hours and then a destaining
solution of 10% glacial acetic acid and 20% methanol.

Learn
It appears that the longer incubation with the Coomassie is necessary for visible bands.
Unfortunately, our desired protein band at ~42 kDa is not visible, although the large
concentration of Zymolyase enzyme at 52 kDa is visible.

https://2021.igem.org/wiki/images/f/f6/T--CCA_San_Diego--yeasttubes.png


Implementation

Collagen Sourcing
1st Iteration: Bovine Collagen
Research and Design
We used a bovine cartilage disc sample we had on hand to obtain pure collagen. The
cartilage disc should be 60 percent collagen when dried.

Build
We vortexed a solution with bovine cartilage and acetate. We used precise equipment
to aggravate the sample.

Test
The cartilage disk resisted our efforts and did not dissolve into the solution. Therefore,
further experimentation was impossible.

Learn
This source of collagen was untenable due to its surprising resilience. A better source
for the next attempt would need higher collagen purity and better solubility.



2nd Iteration: Porcine Skin Extraction
Research and Design
For our second attempt, we decided to use porcine skin as the source of collagen. This
choice was taken because it increases the purity and solubility of the collagen. Most
importantly, it has a precedent for success as demonstrated from our source, the
Journal of Visual Experiments.

Build
Strip and sanitize the porcine skin before centrifuging the collagen protein from the
porcine skin.

Test
As shown on the SDS page, collagen was soluble and pure. Compared to earlier
sources, coagulation showed a significant improvement.



Learn
The SDS PAGE showed that only the bovine cartilage disc had bands, however the
porcine skin collagen is the most pure and usable source of collagen, so we will
continue to use it at higher concentrations and optimize our purification methods by
using more pure substances. For example, the hair removal cream contained flavoring
and other unnecessary chemicals. Our future porcine extraction procedures are now
more akin to Ho et. al’s documentation.

Collagen Coagulation
1st Iteration: Fiber Formation Buffer
Research and Design
Fiber formation buffer is a buffer that readily coagulates collagen hydrogels
documented by Weadock et. al, 1995 - we used this buffer in order to coagulate our
first collagen.

Build
The buffer was made from .0814g NaCl, .0804g sodium phosphate dibasic
heptahydrate in 10mL TES buffer.

Test
This buffer coagulated the collagen samples slightly better than water, but did not
coagulate the collagen samples enough to form a gel.

Learn
We made the fiber formation buffer using our first gel procedure. However, because we
had to produce our own TES buffer to generate the fiber creation buffer, the buffer was
not at the proper pH and needed to be more acidic. We didn't know the exact molarity
of the TES buffer because we had to create it ourselves, thus we measured it
incorrectly. When different collagen samples were added to this buffer to evaluate
dispersion and coagulation, this buffer coagulated the collagen samples slightly better
than water, but not enough to form a gel.



2nd Iteration: PEG Coagulation Buffer
Research and Design
After the fiber formation buffer did not seem to coagulate the collagen, we decided to
take a polyethylene-glycol based buffer documented in Cavallaro et. al suited for the
coagulation bath of the wet spinning machine. In the study, the collagen “gelled on
contact with the neutral pH solution” and we wanted to observe that effect when
testing with Petri Plates.

Build
The buffer contained 1 L solution of 20% PEG, 94 mM sodium phosphate dibasic, 24
mM sodium phosphate monobasic at pH 7.55. After mixing, the solution had a pH
reading of 7.4

Test
This buffer seemed to have the most dramatic “solidifying” effect on the collagen, yet
it did not form a gel immediately on contact.

Learn
This buffer seems to be more optimal for wet spinning compared to the Fiber
Formation buffer, yet it may need to be adjusted, by making the solution more basic
perhaps, in order to effectively coagulate the collagen.

3rd Iteration: PEG-based gel
Research and Design
A common tissue-culture gel protocol was found online through various papers and
sources following the same procedure provided by the George Lab at UC Davis.

Build
For a 4 mg/mL collagen gel with 500 uL collagen, we added the recommended
volumes of 10x PBS, ddH2O and collagen stock solution. After vortexing this solution,
100 uL aliquots were plated in a 96-well plate and incubated at 37oC for 24 h.

Test
The gel did not seem to solidify or even have any noticeable changes after 24 and
even 48 h.



Learn
Perhaps our failed coagulation iterations resulted from denatured or diluted collagen,
rather than the protocols for coagulation itself.

Collagen Cross-linking
1st Iteration: Glutaraldehyde
Research and Design
Glutaraldehyde is a common crosslinking that is readily available and has been proven
to effectively crosslink with various materials, including collagen.

Build
1% solution of glutaraldehyde in PBS (phosphate-buffered saline) was prepared and
kept at 4 C. Place hydrogels on ice at 4 C, and pipette 1 mL solution of glutaraldehyde
into a 2 mL cryotube and let the cryotube incubate for 72 hours at 37 C. Placed the
final product in a -80 C freezer for storage.

Test
The solution did not form a gel; instead, it formed a very thin film layer on the top of
the solution.

Learn
It may be plausible that there is an optimal ratio of glutaraldehyde to collagen which
yields the best “gel”.

2nd Iteration: retesting at various volumes
Research
Studies have demonstrated that varied ratios of crosslinking reagents and materials
yield different properties, ranging from strength to fiber lengths. Thus, it is likely that
experimenting with different volumes will result in a more "gel-like" structure.

Build
1%, 2%, 5% solution of glutaraldehyde in PBS (phosphate-buffered saline) was
prepared and kept at 4 C. Place hydrogels on ice at 4 C, and pipette 100 uL solution of
glutaraldehyde into a 2 mL cryotube and let the cryotube incubate for 72 hours at 37
C. Placed the final product in a -80 C freezer for storage.



Test
All four tubes did not form a gel; instead, it formed a very thin film layer on the top of
the solution.

Learn
Our collagen source may be at fault, thus a more reliable source of collagen should be
used.

3rd Iteration
Research and Design
The second iteration proved that our collagen source may not be reliable and could
influence the thread formation, thus we opted to use three different collagen sources:
porcine skin extracted collagen, porcine skin + pepsin collagen, and bovine + H2O
collagen.

Build
We tested 5 different tubes with PBS-based gels cross-linked with 5.33%
glutaraldehyde and a tube with hydrolyzed bovine collagen.

Test
Although the tube with the collagen powder gelled immediately, all five tubes did not
sustain a gel like structure.

Learn
Surprisingly, the tube with the collagen powder gelled immediately in the 5.33%
glutaraldehyde. The other solutions still remained liquid after the 15 min incubation
period and were put in the 37oC for 48 hr incubation. The collagen powder + H2O
solution appears to have the best "thread-like" structures, although this may be due to
the collagen's viscous nature and lack of structural accuracy.

After two days of incubation, the collagen powder and glutaraldehyde gel had become
black and rigid, and when agitated, the toothpick went right through the substance.

Forming a Thread
1st Iteration
Research and Design
Through our research, we discovered that the strongest thread strands have the ability
to coagulate. As a result, we decided that we needed to evaluate the collagen's



capacity to coagulate with coagulation buffers in order to generate collagen thread
fibers. Thus, we decided to use bovine collagen with PFA and acetic acid to test for
coagulation.

Build
Making gel with 2% collagen powder, acetic acid, and 4%PFA (replacing
glutaraldehyde). We considered using PFA, a crosslinking reagent as well, to add to our
acetic acid collagen solution, but we used glutaraldehyde as we found it in stock. Our
Tris-HCl fiber-formation buffer had a pH of around 8, and we created glutaraldehyde
solutions of 1%, 2%, and 5.33% concentrations, using the 5.33% solution to make gels.

Test
No tubes produced solid gels; the most success we had was having the gels create thin
“films” on top of the gels, but this did not provide adequate coagulation.

Learn
There were certain procedural errors that may have contributed to the coagulation
failure, so we determined that this experiment could not be utilized for an evaluation
basis.

2nd Iteration
Research and Design
We decided to test a different procedure from Huang et. al’s study, which has been
shown to have successful coagulations. Thus, we adapted the procedure to replicate
the procedure from the study in order to achieve effective coagulation.

Build
We used two 500uL solutions of 0.1M Citric acid (10.5mg each - 0.01M) with 50 uL
collagen with pepsin, mixing gently WITHOUT vortexing. Two trials were done with
40% w/w glycerol and 70% w/w glycerol with either 50% ethanol or 20% ethanol,
respectively. The tubes were left to incubate at RT.

Test
Tube B had the greatest coagulation when first tested, nearly "instant-like," but after
resting the tubes at room temperature for 24 hours, both Tube A and B became liquid
and no coagulation was present.

https://pubmed.ncbi.nlm.nih.gov/11396874/


Learn
Since the Tube B ratio of glycerol and ethanol showed the best results so far, more
testing would need to find the perfect ratio, since the study demonstrated that
different ratios of the cosolvents resulted in different physical properties of the thread.

3rd Iteration
Research and Design
Our previous testing with the Ho et al. procedure showed that, while Test Tube B
exhibited coagulation, it was not maintained. As a result, it was thought that
experimenting with different cosolvent ratios would help in determining the best
cosolvent to collagen ratio for a coagulated thread. It is proven in the study that the
more alcohol present, the less probable it is to form a gel, but that it can form a gel up
to 80 percent w/w propylene glycerol. Both cosolvents will be evaluated at 80 percent
w/w ratios.
Build
We made two 500uL solutions of 0.1M Citric acid (10.5mg each) with collagen digested
with pepsin.

Test
Neither tube showed “instant-coagulation” that was shown with Test Tube B in the
second iteration. Neither did either tube show coagulation after a 24 hour period.

Learn
It was hypothesized that there may be discrepancies in the original procedure because
similar results were not producible. Furthermore, the protocol in the paper was vague,
and it led to ambiguity in the protocol used for the reiterations. Thus, a different
procedure that can have reproducible results must be used for accessibility and
credibility.

4th Iteration
Research and Design
Since the Huang procedure has been proven to be ineffective, it was determined that
an earlier iteration must be retested with the addition of glutaraldehyde. Furthermore,
removing the supernatant would solve the issue of coagulation dissolving over time.

Build
A PEG based gel was synthesized with a collagen concentration of 180%. After
neutralizing the pH and observing instant coagulation, the sample was centrifuged and



supernatant discarded. The solid collagen residue was resuspended in 300uL 5.3%
glutaraldehyde.

Test
The tubes showed instant coagulation after pH neutralization. Centrifuging the sample
condensed the coagulated pieces of collagen. After 24 hours in glutaraldehyde, the
mass of collagen could be removed by tweezers. The physical object maintained its
form under pressure and agitation.
Learn
The gelification was a success. Further experimentation should involve retesting this
procedure and verifying the integrity of the gel.
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