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Sometimes you have proteins with unusual folding, which need special modifications.
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When you buy a commercial plasmid, e.g. pET-28a(+)- you also get a manual with all
necessary information.

This is a plasmid map, where restriction endonuclease sites are marked. The sites provide
bacteria natural protection from viruses. The more restriction endonuclease bacteria has, the
bigger is the probability that bacteria can protect itself from viruses. But with this enzyme the
probability of harming bacteria’s DNA is also very big, especially for Type Il sites consisting
only of 4 letters like BamHL. To avoid this, bacteria should have 10 restrictases with sites,
which are not equal to sites in the genome that you work with.The text is usually palindromic
like TATA (reading from 3'-5" to 5°-3" is equal). Restriction endonuclease can form either
blunt or sticky endings.

Generated Plasmid Map

Let’s talk about plasmid map:
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of nucleotides - the cell won't replicate it and you'll get a cell population without
plasmid cells. The cells from such a population divide more effectively and eventually
supplant the plasmid. The analysis of latest articles show that 40 thousand pairs of
nucleotides is the maximum number to work with.

3) To divide cells with plasmid and cells without them you need a special marker. For
example resistance genes. Usually two types of resistance genes are used with two
antibody constructions to resist antibiotics. With their help we get the gene
expression product in the antibiotics environment. Protein constructions need linkers
like a linear water-soluble part of the protein (GGGS)n. Serin contains OH-group,
GGGS is the hydrophilic part. Linker is like a thread between target protein and
coloring protein. The activity of target protein is not disturbed due to its binding with
the protein-color marker by such linker.

You need a marker that can help with dividing cells with plasmid from cells without one.

After cutting the piece of DNA by restrictase genetic engineers do ligation with ligases.
Phage T4 ligase is most commonly used.

If you get blunt endings after the restriction, the ligation effectiveness will be quite low,
because the probability of formation of a triple DNA complex, DNA and ligase is also low. But
this happens rarely. Insertion can be performed either in AB direction or BA. Not only will the
ligation be low-effective, but you also get a 50% chance of insertion in the wrong direction.

After protein expression you should clean it with histidine tail, that will grab nickel in columns.
For example in 300ml of water or 10ml of the environment bacterias flow and reproduce,

synthesizing proteins. The question is: how can you isolate the protein? You should pour the
lising liquide in the environment with the bacteria that will contain a large spector of proteins.



Task 1
Open the plasmid pet-28:
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In UGENE all restrictases are listed in
alphabitical order

Initially all restrictases are marked as
chosen, you should press “Select none”
button



We get an empty window without any restrictases
and now we can choose the ones that we need. For
example Ncol and BamHlI

We select a gene
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We choose the
N same restriction
sites (BamHI v

NcoRI).
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When you search for restriction endonuclease be sure to select right boundaries: from 1 to
remaining nucleotide. Be sure that you’ve chosen the whole length.
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Fragment 1
Amp(R)

pEX-A-VLD5
3183 bp

We conducted restriction.

. "Fragment 2
VLD5

We should look if there’s any stop codon in the sequence where we don’t need it: they are
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Analysis

To analyze the resulting plasmid with
the cloned gene, we should replace the
beginning and select another nucleotide
as the first one. It will be convenient for
visualizing DNA sequence. The first
nucleotide may match with the
beginning of the VLD5 gene.
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Blue sequence is our insertion, VLD5 gene.

L=l L

S F N R G E C * Check if there are any stop codons,

AGCTTCAATCGAGGCGARTGTTGA[ oo shouantearyn ins par

945 3950 3955 3960 3965 .

3 886 3890 3895 3.9k 3905 3910 3915 3920 3925 3930 3935 3940 3945 3950 3955 3960 3965
TTGTGTTCCACATACGGACACTTCAGTGAGTAGTCCCGAACTCAAGAGGACACTGGTTCTCGAAGTTAGCTCCGCTTACAACT
M L
L * * L L
* *

3991 3995 4k 4005 4010 4015 4020 4025 4030 4035 4040 4045 4050 4055 4060 4065 4070
CTGTTCGAACGCCGGCGTGAGCTCGTGGTGGTGGTGGTGGTGACTCTAGGCCGACGATTGTTTCGGGCTTTCCTTCGACTCAR

*

But as we see, there is a stop codon. And we won't get the protein with histidine tail. The
gene sequence will stop before the codon and histidine tail will end in another reading frame.
Our protein won’t get a histidine tail and we won’t be able to isolate the protein on the
purification stage. We can do the following things:

e place His tags in reading frame together with VLD5

e remove stop codon between VLD5 and His-tag

We have the following decision: we spoil the stop codon by replacing one letter. This way
we’ll get rid of the stop codon and displace the reading frame as we want.

To do this we need to :
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% Remove Subsequence ? X

3968 - is the position of the one of the three

Region to remove 3968 nucleotides of the stop codon. We remove it, the
reading frame moves one step forward and the

stop codon disappears.

Annotations region resolving mode

(¢ Crop corresponding annotation

(" Remove corresponding annotation

[ Recalculate values of qualifiers

[ Save to new file

[ Merge annotations to this file

Document location: [a\new_mol_new.fa ...

Document format: |[FASTA J

Remove Cancel ‘ Help ‘

Now let’s look on what we’ve got: now Histagd is in the same reading frame (highlighted by
yellow color), as VLD5 (highlighted by blue color):

R I R A P S T S L R P H S S T T T T T T E
M L G S T,

TC W H H H *
!GATCCGAATTCGAGCTCCGTCGACAAGCTTGCGGCCGCACTCGAGCACCACCACCACCACCACTGA

_3965_ 3970 3975 3980 3985 3990 3995 4k 4005 4010 4015 4020 4025 4030
TACAACQCTAGGCTTAAGCTCGAGGCAGCTGTTCGAACGCCGGCGTGAGCTCGTGGTGGTGGTGGTGGTGACT

In the real experiment we’ll just order the right primer.

Task 2:

3" OH group is a substrate for DNA-dependent RNA polymerase. If the primer on 3’ ending

is properly complementary binded with matrix molecules, the polymerase will complete the
sequence even if 5’ ending is not complementary binded. This is called fusion primer - it has
the part that is annealed on a matrix molecule and the tail that we use to form a PCR product
with necessary sequences. Fusion primers shouldn’t be longer than 50 nucleotides or the
probability of unspecific binding with regions of the DNA matrix will be quite big and you
won’t get the product you need.



Cloning EGFP:

You want to do the restriction with EcoRI n BstVI.

When you look at restriction sites of the plasmid, you may find out that there’s no restriction
sites that you need, but you definitely have them in your lab.

Let’s make direct primer:

200 480 600 800 1k 12k 14k 16k 18k 2k 22k 24k 26k 28k 3k 32k 34k 36k 38k 4k 42k 44k 46k 4.8k

[ lacT bla (ApR)
bla
B EGED > b
200 4 600 800 1k 12k 14k 16k 18k 2k 22k 24k 26k 28k 3k 32k 34k 36k 38k 4k 42k 44k 46k 48K
394 %415 [22 bp]

LY N ¥
SATATAATTAICTATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAAC(

382 385 390 395 400 405 410 415 420 425 430 435 440 445 450 455 460 465
ITATATTAATGAJTIACCACTCGTTCCCGCTCCTCG}ACAAGTGGCCCCACCACGGGTAGGACCAGCTCGACCTGCCGCTGCATTTG(
* * | P S C P R P A *
< _
e Type Value
In Silico PCR
~ Forward primer You choose 22 nucleotides from your gene sequence that
A TGGTGAGCAAGGGCGAGGAGC you want to clone.
Tm = 60.43°C, 22-mer c g

Mismatches |0 bp =

> Reverse primer

5' 3'

o0

Mismatches [0 bp =
¥ Settings

3' perfect match 15 bp <

Maximum product |5000 bp =
Extract annotations |Inner =

Find product(s) ‘

Help




l | In Silico PCR |

~ Forward primer
[GAATTCATGGTGAGCAAGGGCGAGG) [*  From 5” end we add 6 nucleotides, for example GAATCC -

= the site of restriction endonuclease for our experience. This

Tm = 64.31°C, 28-mer o=~ . )
_ i site will be used for PCR.
J Mismatches II} bp II o
] ~ Reverse primer <
-I I 5 3
CE B

Mismatches ID bp =

¥ Settings

3' perfect match 15 bp 33
Maximum product 5000 bp 33
Extract annotations | Inner Ll

I Find product(s) |

| =

Y VT U P —_

:I In Silico PCR Before guanine you can add 6-8 nucleotides, that are generated
~ Forward primer randomly, to make restriction site easy to detect for restriction

MIETVIGAATTCATGGTGAGCAAGE | endonuclease.

Tm = 66.77°C, 35-mer cz (3
g Mismatches II} bp j’ B

ﬂ ¥ Reverse primer
82

N [5' 3

Mismatches II} bp =

¥ Settings

3' perfect match |15 bp 3:
Maximum product ISDDI} bp 3:
Extract annotations IInner Ll

ﬂ Find product(s) |




Reverse primer:

Next we look at the end of EGFP gene and create reverse primer that will be annealed on
complementary sequence.

v T A A G
*

T L ¢ M D E L Y K * I

R H G R A ¥V _Q;V M * T S H L

GTGACCGCCGCCGGGATCACTCTICGGCATGGACGAGCTGTACAAGTAATGTAAACTTCCCATCTCCGG

1066 1070 1075 1080

1085 1090 1095 11k 1105 1110 1115 1120 125 1133

CACTGGCGGCGGCCCTAGTGAGAGCCGTACCTGCTCGACATGTTCATTACATTTGAAGGGTAGAGGCC
*

< [

J In Silico PCR

~ Forward primer

|ATCTCAAG AATTCATGGTGAGCAAGE |

Tm = 66.77°C, 35-mer cz

J Mismatches ,m E

~ Reverse primer

e

|CGG CATGGACGAGCTGTACAAG

=y

Tm = 58.56°C, 22-mer c
Mismatches |0 bp

~ Settings

3" perfect match 15 bp EI:
Maximum product {5000 bp El:
Extract annotations | Inner j

J Show primers details

Warning:

Self-dimer can be formed:
Delta G: -8.5 kcal/mole
Base Pairs: 7

Find product(s) anyway

| =

‘ATCTCAAG AATTCATGGTGAGCAAGC

Tm = 66.77°C, 35-mer cz &
Mismatches |0 bp EI:

~ Reverse primer
‘TAGATC t CGAGCTTGTACAGCTCG

Tm = 67.95°C, 35-mer c2 g
Mismatches |0 bp EIC
~ Settings

3' perfect match 15 bp El:
Maximum product  |5000 bp El:
Extract annotations |Inner j

Show primers details

Warning:

Self-dimer can be formed:
Delta G: -8.5 kcal/mole
Base Pairs:

Find product(s) anyway

T

-

We copy the last 20 nucleotides in the complementary sequence -
which is situated below the basic one - to “reverse primer” window
and choose the reverse-complement sequence label.

And then we add CTCGAG text to the 5’ end for detection by
restrictase. We also add 6-8 random nucleotides to the 5’ ending, for
example, TAGATCT

We could choose the button Find products anyway, but...



In Silico PCR

~ Forward primer
ATCTCAAGAATTCATGGTGAGCAA!

Tm = 66.77°C, 35-mer cz (@

Mismatches |13 bp 3:

~ Reverse primer
TAGATCTCTCGAGCTTGTACAGCTC

Tm = 67.95°C, 35-mer
Mismatches |14 bp EI:

~ Settings

3' perfect match 22 bp EI:
Maximum product 5000 bp EI:
Extract annotations | Inner j

Show primers details
Warning:

Self-dimer can be formed:
Delta G: -8.5 kcal/mole
Base Pairs: 7

ce (3

Find product(s) anyway |

Region ‘ Length ‘ Ta

381-.. 743 67.41

z

B e

And we got EGFP with primers (if everything is done right):

We can’t do this if we don’t indicate mis match.

We added 13 nucleotides for the direct primer and 14 for the
reverse one. You should additionally indicate in settings 3° perfect
match 22 bp - this is the primer length we’ve chosen for the
annealing on matrix.

B B
[ EGED
rimer_; _primer

_—

1 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

Cloning

420 440 460

480 500 520 540 560 580 600 620 640 660 680 700 720743

PCR product of EGFP with this primers will contain all the necessary restriction sites. So
now we can do the restriction:
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Available fragments (core length - length without sticky ends):

X

We choose fragments:

F (PET24b_Fpg_(G4S)3_hMBD4.gb) Fragment 1 [core length - 6094 bp]
F (pET24b_Fpg_(G4S)3_hMBD4.gb) Fragment 2 [core length - 233 bp]
P:381-1123 (pLATE11-2.0-EGFP_381-1123.gb) Fragment 1 [core length - 719 bp] Add All
P:381-1123 (pLATE11-2.0-EGFP_381-1123.gb) Fragment 2 [core length - 8 bp]
P:381-1123 (pLATE11-2.0-EGFP_381-1123.gb) Fragment 3 [core length - 8 bp]
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All the fragments are signed above the window for choosing fragments. Bce doparmeHThbl
noanucaHbl YyTb BbllLe OKHa AN Bblbopa dhparMeHToB:
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The cloning is finished:

Fpg
(G4S)3 linker

_EGFP

L] His-tag
T7 reverse primer

pET24b(+)-Ndel-F Fragment 1 ” “"'fl_origin

pBR322_origin Kan(R)

Full genome sequencing

MiniSeq: maximum reeds 2 by 150 - for bacterial genome (150 is the length of the reed):
1,5*1077*150*2 (1,5*1077 - is the number of the reeds)

MiSeq: maximum reeds are 2 by 300 - this is the most universal platform

NextSeq - for human genome: 2,5*1077*300*2

HiSeq - up to 20 people for one chip

You can get bacterias for 50 min. pairs of nucleotides long with 30-fold covering:
5*1077*30=1.5*10"9 n.H.

Every reed is 500 pairs of nucleotides.

The amount of reeds is 1,5*10"9 / 500 = 3*10"6



