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Synjclflejcic biology is a combination of biology and engneering in order to create bacteria with dif-
ferent uses and functions. 1t is Fcﬂrly easy to learn the H']eory bekind synjchejcic biology. Just look
in the reference for more imcormdﬁon.ﬂ'lis manudl describes a few bctsic ]Gb proJcocols that wil help

you 961( started with hqcking bacteria.



Tn order for us to transform bacteria it is essential to have sufficient colories of bacteria
For ths we need to grow the bacteria Bacteria can be grown either Jchrough sjcreqking or by
spreqding.

70% cleohol, agar agar. lysogeny broth, Petri dish, ampicilin, inoculation needle, spiit lamp, stirrer

Before s{arjcmg wash your hands with 7% alcohol to prevenjc bacterial contarmination.

The agar qu{e is prepcnred by mixing agar agar with Lysogeny broth (also. Luria or Luria-Bertarni
broth) to form a nutrient-rich medium for bacterial grochh

The I_B brojch [ made O‘F Jcrypjcone - FOI’ Pepjcides Gﬂd PQP{OHQS, yequc QX{FGC{ - ‘FO}’ V]JCCIm]HS
{YCICQ eiemenjcs, qnd NGU - FO!’ ions ]CO}’ ‘{ZYGHSPOI’JC Cll’lCl OSI’I’]O‘{ZIC bcl]qnce.

We can add qmpici”in to prevenjc of grow{h of non-antibiotic resistant bacteria.
This s poured onto @ Pejcrl dish

™.

F]YS{:, a sjcerilized JCUHQSJCQH IOOP or inoculqjcion need]e 5 used ‘{ZO CO”QCJC Jche E [oil ‘F}’OI’H Jche PYQV]OUS
sample.

The cells are spreqd on a new agar p]qjce in a Petri dish by s{reqking from the loop onto the
surface, ﬂqmmg it, co”ecjcmg from the somp]e and chreqking again with a little overlop or p]qcing
the ]oop gen{ly on the surface and slowly bringing it inwards whle the qu{e Is spun on a wheel so
as to gejc radial sjcreqklng.
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STREAKING

SPREADING

AHQ}’HGJCIVQI)/, Jthe sqmple can be SPYQGCJ USH’I9 a CIQGH SJUYYQY IHSJCQGd O]C Jthe IHOCUIGJUOH H€€d|€< -H’IIS
1S CG”Qd spreqdmg. IH JChIS case Jthe b(]die}’l(l SGY(]P]G ‘H]G{i 9YOWS WI” oCCur In Iqrge CO]OI’IIGS, where
as in sjcreqkmg Jclqere 5 d 9YC1dC1JCIOH C]Hd a smgle bGCJ(eYIG can be grown

ﬂ]e PQJC}’I Cllsh 15 IHCUECIJEQCJ overnlghjc GJ[ 37 [

ﬂ]e chjcernq H]CI{ 1S }’QSISJEC]HJ[ JCO Jche GHJUEIOJCIC 9YOWS.

Spirit Lamp

Stirrer



TAKING DRY DNA FROM WELLS

Tn order to construct the reqmred bacteria, you may need to extract dry DNA from a DNA kit
H'ICIJ[ CO\’I‘(:GI\’IS H’le PGI’JCS H’]GJ[ we Wi” \’leed J[O use. There 5 d SPeCiﬁC PYOCedure 'FO}’ I{leﬂg OUJ(:I Jthe
dry DNA from the lit. The DNA is stored in these pts in the box called wels.

You will need:

Dry DNA kt, deionized water

Process

ﬂ’]e FI}’SJC S{QP 5 “:O mqke sure H\GJC H]e P]GJCQS are PYOPQYI)/ orlenjted. Then a hOIQ 5 punched
H’H’OUglﬂ H’le FO” cover U5|ﬂ9 a PIPQJCJCQ - mJCO JChe we” you WGHJE H’le DNA From. DOﬂlJC remove FOI’

Cover since IJC mighjt POSQ H’)Q JChYQGJC OIC C\”OSS‘COHJCGYHIHG{IOI’I bejcween we”s‘

Add 15uL of deionized water
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The Dry DNA Kit



Gel elecjcrophoresis [ done J(O be Clble {O view Jche DNA bands under UIJEY(] V]OIQJ( IISI’IJC

beqker, pipejcjce, cgsjcing PlCIJCQ, QIGCJEHCi'ty generqjcor, comb Gnd comb SJCClHd, niJcriIe glOVGS,
IV lght box,

A arose, Buffer solution- TAE(Tris-Ll, Acetic Acid, Ethylene diamene tetra acetic acid)Lix H 3
chhdmm Bromde (525 mg/ ml in H20), bromoplqeno| blue, Antibiotic resitant gene (From qmpmdm

IS

Make o 1% agarose solution in 108l TAE, for chpica] DNA fragments. For 3-4 Ko solution of DNA

a solution as low as #7% is used.

Heat this mixtue to 37 degree  and let it cool

Now add EBr of 85 ug/ml concentration.

Stir the solution and pour it into the the casting plate.

Now insert the comb at one side of the gel about 10mm away from the side.
Once the gel has cooled down and become sold, pull the comb out.

The I’IOIGS JEI’]GJC remain are H':e we“s‘ ﬂ’re DNA sqmples ‘h’ClVG] Ghe(]d JCI'H’OUSI’] JCI'IGSQ we”s.

(on)



PUJE Jthe 9el Glong WIH’I Hae CC]SJ[II’IS PXG‘EG na JCGHk WIH’I TAE EJ[BY CIJE JE"Ie same COHCQHJ[YGJUOH can
be added

The gel must be completely covered by TAL and placed such that the wells are at the end electrode

PGSSIHg negqjuve chqrge.

Gel Electrophoresis Chamber
Procedure

USII’I9 a mncropppe{{e IHJECJC 29 I SO]UJCIOH WIH’I H’le DNA ]Gdder IHJ[O Jclqe ]CI}’SJ( we“ Glong WIH’I Jche 1ow
molecu]qr weighjt Hue ﬂye

In the same way now in JecJt the DNA SGmples mixed with the blue dye into the other wels
Now o current is Gpplled, about 100V for 30 minutes.
{qsﬂy plcxce the slab of gel onaV lrghjt box and observe.

OHE can GISO CGP‘EUY& a Cllgl{“_ClI II’HGgQ O]C Jthe same



We are chJtemching to alter the genejcic composijcion of bacteria by Gdding Foreign gene{ic
material to it. For Jthis, the bacteria need to be conditioned to take ?oreign material Qnd make it
its own. Now it is this process of 'condijcioningl that forms the scientific me{hod described be]ow. ﬂ']is,

in SCiGﬂ%IFiC Jcerms S ca”ed ITYGHSFOYYHGJUOI’II.

Eppendomc qubes, pipejtjce, WCIJ(GK DH5 G]Pl’l(]

plates, ampiciln.

Four eppendorF tubes were taken and marked lysis, p-JceJc, wve and -ve. he posijcive control e and
the negqh‘ve control dd not. The dry DNA was extracted by mixing each pqrjc with 15 micro ml of

WG{QY using a micropipejcjce.

2-3 micro ml of ths plctsmid solution was then added to 108 micro ml of DH 5-c1|p|1c1 Eschericia Col
cells

The bacteria were incubated in ice for 40 minutes, then gven a heat shock for 30 seconds @ 42
degrees Celsius and then pch in ice for 2-5 minutes. The heat shock causes tiny pores in the walls

0]0 {he bGCJEQYiCl JEO eqund, q”owing JEI’IQ plqsmids JEO qo Jchrough

The Bacteria were then mixed into 330 micro ml Luria Bertani the bacteria were then left to
cultvate for qpproximqjcely an hour at 37 degrees Celsius in the shaker



This was then cenjtrnouged at room Jcempercﬁture for 3 minutes @ 099 rpm.

Discard 999 micro ml of the supernq{qn{ and dissolve pe“ejcs In remaining 109 micro ml Spreodmg
helps ensure that you will be able to pvck out @ smgle colony.

ﬂlese were JCl’IQH SPYGGd on I_B Ag(l}" P]GJCGS COH'EGIHIHg 190 micro ngI’HS per ml Ampmlllm.

The p|c1Jte5 were incubated ot 37 C for 12-14 hours, mqkmg sure the agar side of the plqjce is
9



up. If incubated for too ]ong the antibiotics, especiq”y qmpici”ln, start to break down and un-

JcmnsFormed ce”s Wi“ begin {o grow.

The mini-prep is done in order to isolate and purif'y the bacteria containing the required plasmd.

Eppendono qubes, ch{eriq CUPCU}’Q, CQHJEHFUSQ chhlne, pipejcjce, A]_S I ALS II AI_S III VOY‘{iQX

chhine, Cl’]IOI’O‘FO}’m, ISO'PFOPGHOL 0% ejchcmol, qbsolujce QH’]CIHO], deionlzed W(]JEQK

Sul of the culture is taken in an ElopendonC tube.

The cufture is cenjcrif‘uged at 13200 rpm for 3 minutes, mqking sure the cenjcmcuge is balanced. The
cenJmFugal force created in the cen{rncuge forces the bacteria in the solution to collect in a pe”ejc
at the bottom of the Epperdorf tube.

The process is repeqjced to gejc required quqnjcijcy of the cultures ie. (15 ul tuice)30 ul and
cenjcmcuge again.

The liquid qround Hle co”ecjced pe“ejc. ccl“ed Jche supernqjcqnjc [ cllscorded.

The pellts are dssolved in 200ul of AS T previously stored at 4 degrees Celsius.
This is incubated at room temperature for 3-5 minutes. Lncubating at room temperature enables

the DNA to get denatured.
200ul of ALS T is added and mixed using a Vortex Mixer and incubated at room JC(>,mp(>,|f<JJCL4re for

5 minutes.

200ul of chiled ALS TTT is added, mixed and incubated in the tubes in ice for 10 minutes.
The tubes are centrifuged at 132k rpm for 15 minutes,
The aqueous phase is transferred into o fresh Eppendono tube.

19



509 | of (Horoform is added; the solution is mixed well and then lef't to incubate ot room
Jcempemjcure for 3 minutes.

The tubes are cenjcmouged at 132k rpm for 3 minutes.

The upper daqueous phqse is take out and transferred into fresh EppendomC tubes.

g6 volume of Iso-propqnol is added, this is incubated at room Jcempemjcure for 15 minutes and then
cenjcmcuge at 132 rpm for 20 minutes.

The supernqjcqnjc is discarded and 500 | of 70% ethanol is added.

This is cenJcriFuged at 132k rpm for 3 minutes at room Jcemperqjcure and the supernqjcqnjc is
discarded.

Now 209 | of absolute Ethanol is added and ths is cenJmFuged again for 3 minutes and the
supernqjcqnjc is discarded.

The pe”ejcs are dried at 37-50 degrees Celsius and dissolved in 28 MIMQ deionized water
The concentrations are tested using a Nqnodrop device.

Elution is  term used i analytical cheristry to descrioe the emergence of chemicals from the
column of o chromatograph. As they elute, the chemicals typcally flow into a detector Predicting

qnd conjcro”ing Jche order OF elujcion s d key GSPQCJC OF column chromq{ogmphic mejchods,

DNA Frqgmenjc From 96. buFFer QG \/OYJEQX chhine, 3/\/\ soclium GCGJECIJCQ, iSO‘PI’OPGHOI, QIAQUiCk
column, Buﬂcer PE BUFFQ}’ EB

Remove H’le DNA Fmgmenjcs From Jche agarose 96] wijch a clecm SCGIPQ]. T}’y JCO 9€JC as smq” a piece
OF 96] as POSS]HQ, wijchou{ Jcouchlng Jche DNA

Weigh the ge] slice in a colorless tube. Add 3 times the volume of Buffer QG to 1 volume of gel.

Tncubate ot 50 C for 10 minutes, or untl all the gel has dissolved. Mix the tube using the vortex

mixer every 2 or 3 minutes to make sure it dissolves.

1



[heck I]C Jthe rmxjture 1S ye”ow in CO|OK I]C IJC IS, IJC means H’IGJC IJCS PH 1S C]FOUHA . H'I!S 15 Jche PH
G‘(ﬁ Wl’l!d’) Jche GASO}’H}OH (SJCICkIﬂeSS)OF JCl’le QIA({UIC}( membmne 15 mosjt QTC]CICIEHJC JTJC IJC 15 omnge or
\/IOIeJ[, J‘[ﬁ 1S J[OO GCJdIC. Add 10 ] O]C 3 N\ sodlum GCQJCGJCQ (PH 5@) C]\’ICl mix, ITC H’IGJC 1S Jche case.

Add ISOP}’OPGHOI OF a volume equql {O Jche volume O]C Jthe 96] {O H’]e SGmPIQ Gﬂd mix. -H’le ISOP}’OPGHOI
erecptates e DA

PIGCQ QIAqUICk SPH’I co|umn nda Zm| CO”QCJ(IOH Jtube.
TO CO“GCJ[ Jche DNA POUF Jche SGI’HPIQ IHJ[O Jche OIAqUICk co|umn, Gﬂd cenjtrncuge ]COY 1 min.

DISCGYd ﬂow*%rough C]Hd PIGCQ QIAqU!Ck column bGCk n Jche same CO“QCJUOH qube‘

[O“QCJUOH Jtubes are re~u5ed {iO reduce PICISJCIC WGSJCG.

Add 275 ml of Buffer PE to QIAqwck column, let it stand for 2 to 5 minutes and then cenjcrncuge
for 1 min ot 13,000 rpm.

Discard the Flow%hrough and cenjtmouge the QIAqulck column for another minute ot 13,009 rpm.
The (LAquick column should then be placed in a fresh eppendorff tube.

To elute (extract) the DNA, add 50 | of Buffer EB (16 mM\ Tris (I pH 95) or H20 to the center
of the QIAqmck membrane (a small disc of slica geD and cenjcrncuge the column for 1 min.

For stronger concentration of DNA add 30 | elution buffer to the center of the (LAquick
membrane, let it stand for 1 minute, and then cenjtrnouge for 1 minute.

b .
- {of} |

Buffer+ Extract Add protein free  Centrifuge Elute

supematant
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Dlgesjcion of DNA s a process carrled ochJuch to be GHG to |ook at DNA or, |ike in this case, cut
a bcmd out of the gel for further treatment. Digesjcion can be done in 2 ways:

When you are digesﬁng your DNA with two or more enzymes it is called double digesjcion‘ In such
cases, you have to make sure to use the buffer that wil be most comqucible with all the enzymes.
Enzyme buffers are speciﬁca“y formulated to provide the salt concentration for opjcimc1| enzyme
actiity There should not be too much salt in the diges{ion because too salt will infibit enzyme

o)
S
=
=
=<

Dlgesjcing the DNA with single enzyme is called single digesﬁon.

DH5 CIIP"IG E.COIi ce”s, CIUJCOCIGVG N\I”l@ WCIJCG}’.

First we isolated the p|c15mids from £ col Dh5alfa cells, which was dissolved in 28 micro ter of
autoclaved Mili Q water (pH 79).

—
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Dlgesjcion mixjcure was prepqred as

Plasmid DNA = 3l

EcoRT = 5ul
Pstl = 5l
Buffer = 2l
BSA =3l
Ma =11ul

Ths mixture was then mixed genHy and incubated ot 37 degree Celsius for & hours in a water
bath

The mixture was run on the 7% agarose gel.

One 1](b lqdder wdas used {0 chqrchcen'ze Jche speciﬁc bqnds. BGI’]dS were dejcecjced on gel-doc

&)
<
@:
=
@

Ligqjcion s d PP’OCGSS by Wl']i(lh ‘{:WO DNA mo]ecules qreJoined Jcogejcher in Jche Presence OTC a CG{G]}/SJC
- DNA |igqse, an enzyme.

vector DNA, insert DNA, Wili 1 water ]igqjcion buffer-1X, ligqse enzyme

Mix it properiy and do ligqjcion at 16 degree for overnighjc
The sticky ends from both pqrjcs Join to form a new pqrjc.
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Student Book from IGEM
h{{p;/ / openwe{wqre.org/ imqges/ f/f/ IGE/V\_S{uden{_Bookde

Gel Electrophoresis
hjc{pz/ / en.wikipediq.org/ wiki/! Gel_elec{roplﬂoreas

Extracting DNA at home
‘TH'.P:/ /nature.ca/ 9enome/ 75/851/ de s/ D/\lAechroch_e.de

Harvard 2006: Explaining their process
‘TH'.P:/ / pqrjcsz_mijc_edu/ wiki/ index.php/ Harvard _2086

The Synthetic Biology Comic
hjc{pz/ /wwwnature.com/nature/comics/s ynjchejclcbiolog ycomic/

Introduction to Biological Engineering Design
‘TH'.P:/ / openwe{wqre.org/ wiki/ 2020

Introduction to Synthetic Biology
‘TH'.P:/ / openwe{wqre.org/ wiki/TatertechiSB2098.Materils

Ibio Seminars
hjc{pz/ / www.xbioseminqrs.org/

Gel electrphoresis process

‘TH'.P:/ /webuthedu/ khu ghes/ GEL/sldg@g htm

Primer on Synthetic Biology
‘TH'.P:/ / openwe{wqre.org/ imqges/ 3/3d/ SB_aner_lEWWde

DIY Synthetic Biology
‘TH'.P:/ /wwwscriod com/doc/ 14663730/ DIY-Syn{heJcic-Biolog y
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Drinking straw gel electrophoresis
chz/ /maradydd Jve Journql.com/ 417631 bitml

Open Gel Box
M'{'.P://OPEHWQJCWGTe.O}’g/WIk!/DJT_YbIO:NO’{EbOO}(/OPGH_G€|_BOX_Z.E)

BioBricks on Youtube
ch;/ /www.youtube.com/user/BioBricksFoundation

Ginko BioWorks Guide to Synthetic Biology
http//diybioorg/wp-content/ uploqu/ 2009/ 04/ CodeConf9_—SynthBio_tutoridl _handout/
qppende%ZE-%ZEGmkgoBroworks%Zﬂ gude%ZlZ)Jto%Z@engmeerm Q%Z%volog y.de

DIY Biology Webcast
http//techtumit.edu/ collections/mitmuseun/videos/ 16%4-soc1p-box-do-ﬂc- yourself-biology

DIYBio Model Organisms
chz//groups.goog]e.com/group/dryblo/web/dlybo-model-orgqnlsms

Hackteria
hackjcerlq.org

DIYBio
di ybw.org/
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