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Abstract
Syntheticbiologists havc adopted the engineering principle of standardization of parts and asscmtrlyi1 the
construction of a variety of ger-reticcircuits that program living celtsto perfbrm useful tasks.L-rthis chapter,
we describe tl-reBioBric:k standarclas a r.l'idelyuseclmethod. We present n-retl-rods
by which new BioBrick
partscan be clesignedancl producec'I,starting w.ith cxisting clones, naturally occurring DNA, or cle novo.
We detail thc Procedures by which BioBrick parts can be assemblcdinto construction intermeciiatesar-rcl
into biological devices. Thcse protocols are based on our experience in conducting svnthetic biology
researchwith unclergraduatestudents ir-rthe context of the iGL,M competition.
Key words: Synthetic biolog1,, iClEM, BioBrick, Standardizcd parts, Llndergracluare,Stanclardized
assembly

1.Introduction
In 2003, Tom Ifuight and his colleagues developed thc BioRricks
method to standardi ze the asscmbly of DNA parts into dcvices and
systems (l ). Thc BioBricks mcthod is convcnient and cost-effbctivc.
More importantly, all BioBrick parts arc compatible with cach
other. As a rcsult, projects compliant with thc BioBrick standard
build on each other using inrerchangeableparts (2). The Regisrry
of Standard Biological Parts and its irssociated online databasc
(http :// par tsregistry.org) cor-rtainrhousands of B ioBrick parts built
by undergraduates participating in the International Genctically
Engineered Machines (iGEM) competition (3-6)
You can convert any DNA sequence into a BioBrick part by
flanking the DNA with a BioBrick prefix and suffix (Fig. t). The
prefix contains the EcoIU, NotI, and XbaI restriction sites, while
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s'rsca GAATTCG C G GC C GC TCTAGAsr-i nsertr t ACTAGTa GCGGCCGCTGCAGgct,l3'
3'icgt CTTAAGC GC C GGC G
a AGATCTc'tl -insertra TGATCAt CGCCGGC
GACGTCcga.l5'
EcoRl
N
o
tl
Xbal
Notl
Pstl
Spel
'
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i

I
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I

prefix

suffix---------------- l

S'-gca G AATTC GCGG--3'-cgt CTTAA G CGCC--EcoRl

---GCCGCTGCA G gct-3'
---CGGCG ACGTCcga-S'
Pstl

S'---CCGCtT CTAGAg--3'---GGCGaAGATC T c--Xbal

---t A CTAGTa GCGG---3'
---aTGATC A t CGCC---5'
Spel

partalongwiththesequences
part.
Fig.I. Sequence
of an uncutBioBrick
of cut restriction
sites.(a)An uncutBioBrick
(b)-(e)Cutrestriction
siteswithoverhangs
for EcoRl,
Pstl,Xbal,andSpel.Notethatthe XbalandSpeloverhangs
are
to eachother.
complementary

tl-re suftrx contains the SpeI, NotI, and PstI restriction sites (I).
It is important that you remove any sites for these enzymes found
witl'rin the DNA part so that it will comply with the BioBrick standard. The EcoRI and PstI sites enable the transfer of BioBrick parts
from one plasmid backbone to another. The restriction sites for
XbaI and SpeI produce complcmentary sticky ends. Ligation of an
XbaI sticky end with an SpeI sticky end produces a mixcd site, or
scar,that is not rccognized by either XbaI or SpeI cnzymes.
S),nthetic biologists use several key terms for discussing the
BioBrick system.A partis a basic unit with an indivisiblc biological
function. Common examples are promoters, ribosome birrding
sites (RBS), coding sequences, and transcription tcrminators.
A constrwction inteyrned.iateis formed whcn two or more parts are
ligated togetl-rer that do not constitute a functional device. A d.epice
is a combination of parts that carrics out a biological function.
Examples include reporters, inverters, and cell signal receivers. An
is a device that contains all the parts needed to
expressionca.ssette
express a gene. A common examplc includes a promoter, RBS,
protein-coding genc, and a transcription terminator. A conoposite
1)a,rtis a general term for a device with more than one part in it.
Before designing and br-rilding a new device, you must answer
a fbw questions. What is the purpose of the designf How many
parts are neededf In what ordcr should tl-reparts get put together
to make the assembly process most efficientl A simplc cxample is
re l a te d to the constructi on of the dcvi cc show n i n Fi g.2. i f you
followed method A, it would takc yor-r 6 days to rebuild thc
device with a new promoter. Method B would take you only
4 days since you would not have to repeat thc ligation ofcoding + TT.

Fig.2.T
thetwo
seque
in othe
thecon
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Fig.2.ThisfigureshowstypicalBioBrick
representations
of eachof thepartswithlhecurvedarrowsindicating
ligation
of
thetwopartstogether.
A andB aretwopossible
waysin whichthefinalconstruct
couldbebuilt.Method
A showsa linear
sequence
of ligation
in whichit takesthreesequential
ligations
to finish,butit produces
intermediates
thatcouldbeused
inotherdevices.
Method
B showshowsomeligations
areperformed
simultaneously
to reduce
thenumber
of daysbefore
theconstruction
is completed.
Therefore, the general strategy ilh,rstrated by Method B reduces
the time required to rebuild second-generation devices.
Assembly of parts using the BioBrick standard permits yolr to
build from either the 5' or 3' end of a desired construct. For exam
ple, you can build thc construct in Fig. 2 from promoter to terminator or terminator to promoter. The expression cassetteshown is
for green fluorescent protein (GFP) and consists of a promotcr)
RBS, GFP coding sequence, and transcriptional terminator (TT).
The fastest way to build a GTP exprcssion cassettc is to ligate the
promoter and RBS together while simultaneously ligating the GFP
coding DNA with the terminator. Once the two halves are assembled, they can be ligated to build the final device. Alternativelg the
BioBrick standard of assembly allows you to br,rild one intermedi
ate part (e.g., RBS+GFP+TT) and then add to the intermcdiate
each of several different promoters to evaluate tl-restrength of a set
of promoters. Once two parts have been put together by the
BioBrick assembly method, they cannot be taken back apart.
Because of the flexibility of the BioBrick system) standardized
parts can be assembled de novo or from DNA isolated from nature.
In order to standardize a new part) you must add BioBrick ends to
the 5'and 3'ends of the new DNA sequence.If the part is being
synthesized de novo, utilizing one of the growing number of companies that will manufacture genes (7), thc requested sequence
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must be flanked by a BioBrick prefix and a suffix and
devoid of'
internalrestrictionenzymessitesfound in BioBrickends.
Secluenccs
of interestwithin a genome, plasmid,or an existingpart
can be
used as remplate for pcR with the BioBrick .ttd, udd.d
ro rhe
primers.

2.7. Transfor

2.Materials

2.8. ColonyP
2.1. CleaningDNA

2.2.Minipreparation
of PlasmidDNA

2.3.EnzymeDigestion
of BioBrickParts

1.3 M Sodium aceratc:40.8g sodium acetate3HrO,g0
mL
HrO. Store at room temperatlrre.
2. Ethanol: (a) f 00% ethanol (b) 70% ethanol: 700
mL with
300 mL H,O.
l. Wizard PlusSV Miniprepskit (promega,Madison,
WI).
2. LB media (low salt): I 0 g tryptone 5 g yeastextracr) g
5 NaCl,
,
200 pL 5 M NaOH. Add warer up to I L. Autocli,e (see
Notc I ).
I

H (Promega):90 mM Tris_HCl pH7.S,l0 mM MgCl,
9gfeJ
50 mM NaCl.

2. Low buffer:l0mMTris-HClpH 7.S,I}mMMgCl,
mL BSA, 50 mM Na(ll.

O.lmg/

3. Medium buffer: sameaslow buffer,but with 100 mM
NaCl.
4. Restrictionenzymes:EcoRI, XbaI, SpeI, and pstl (promega,
Madison.WI).
2.4.GelElectrophoresis

l. Agarosc,low EEO (promcga,Madison,WI).
2.7!y buffer: Prepare5x stock solution with 54 g
tris base,
t t f, *itt.,
?7.5 e boric acid,20 mL 0.5 M EDTA. Make r_rp
HrO. Dilure 100 mL with 900 mL HrO for use.Use at
0.5x
working concentrailon.
3. 1% Ethidium bromide (EtBr; Fisher,pittsburgh, pA).
EtBr is
mutagenicso handle with care.
4. DNA.loadingdyc ( I 0x) : 5 mL glycerol,a 0.2%w
/vof bromophe_
nol blue, 0.2o/ow/v xylene
ryanol FF. Make up to l0 mL rvith
HrO. Store at4"C. Dilute f 00 pLwith 900 pLHrO for use.
5. t kb DNA ladder(Invitrogen,Carlsbad,CA).

2.5. GelPurification

l. NucleoSpin@
Exrract II gcl cxtracrionkit (Macherey,Nagel,
Diiren, Germany).

2.6.Ligation

l. 2x RapiclLigation Buffer (promega,Madison,WI).
2. T4 DNA ligase(promega,Madison,WI).

2.9. Glycerol
of E. coli Cel

2.10.SingleOligo Assem

3. Method

3.1.Miniprep
of PlasmidD
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2.7.Transformation

\. Z-CompetentrM E. coli cells (Zymo Research,C)rangc,CA),
storc at <70"c.
2. SOC medium: 20 g tryptone, 5 g yeastexrract,0.5 g NaCl,
2OOpL 5 M NaOH, l0 mL 250 mM KCI (1.u6 g KCI in
100 mL dHrO). Add water up to I L. Auroclavefor about
20 min. After cooling, add 5 mL sterile2 M MgCl, (19 g
MgCl, in 100 mL dHrO).

2.8.ColonyPGB

l. GoTaq@
2x GreenMasterMix (Promega,Madisorr,WI).

2.9.GlycerolStocks
of E.coli Gells

I. CryoTubevials(Nunc, Roskilde,Denmark).

L with
2.10.Single-Stranded
0ligoAssembly
NaCl,
,e (sce

2. Sterile glycerol: Autoclave glycerol and store at room
temperatrlre.
1. lOx Anr-realingbuffer: I
@H7.\.

M NaCI, 100 mM Tris-HCl

3.Methods
'{gCl,
l mo/
''"b/

3.1.Minipreparation
of PlasmidDNA

l. Grow 24 mL overnight culture for cach n-riniprep. During
incubation, culture tubes are shaken at 400 g and slanted to
aerate the media.

traCl.

2. Pour the contents of each culture tube into a microfuge tnbe.

nega,

3. Ccntrifuge the microfuge tubes for 2 min at 13,000 g.
4. Pour the licluid from the microfuge tubcs, leaving the pellets.
Gently shakethe tubes to remove the remaining liquid. If there
is more liquid culture, steps 2-4 can be repeatcd.

base,
with
0.5x

5. Mix each pellet with 250 pL of cell rcsuspension solurion.
Fully resuspcnd the cells by pipetting the solution up and dowr-r
until the pellet is completcly broken up and mixed witl-r the
solution.

Br is

6. Mix the contents of each microfuge tube witl'r 250 pL cell lysis
solution and invert several times.

rphervith
:.

7. To each microfugc tube, mix in l0 pL alkalinc protease solution and invert several times. The tr-rbesare incubated at room
temperaturc for 3 min.
8. Ccntrifuge the tubcs at 13,000 g for l0 min.

rgel,

9. Insert the spin columns into the 2-mL collcction tubes.
10. Use a micropipette to transfer the supenlatant from each tube
to the spin columns.
11. Ccr-rtrifugethe spin columns at 13,000 g for I mir-r. Discard
tl-reflow through and reinsert thc spin columns into the collection tubes.
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12. Fill the spin columnswith 250 pL wash solutior-r(containinr
cthanol).

3.3. CleaningDN

13. Centrifugethe spin columns at 13,000 g for t min. Discard
thc flow thror-rgharndreinsertthe spin columr into the collection tubes.
14. Fill the spir-rcolumns with 250 prl wash solution (with
ethanol,1.
I 5. cc'trifuge the spi' columnsat r 3,000 g for I min. Discardthc
flow-through and insert the spin column into a clean 1.5_mL
microfugctube.
16. Fill tl-respin columnswith 50-100 pl, of nuclease-frec
water.
17. Centrifugethe spin columnsat I3,000 g for I n-rir-r.
18. Quantitatcrhe plasmidDNA i' the microfLgetubc and storc
it at -20'C or uscimmediately(secNote I ).
3.2.EnzymeDigestion
of BioBrickParts

l. If you are digcstingwith EcoRI and pstl to vcrifl, rhc sizeof an
insert,usel2 pL of n-riniprep
DNA (seeSubheading3.1), or ar
least 400 ng. If digestir-rgto make a vector or an insert, the
amount of DNA to digestdependshow much DNA you need
for your ligation (seeNotes 2 and 3).
2. Mix the DNA with2 prl of the appropriarebuffer (seeTable i
7
in a 500-prl rnicrofuge tube. Add I prl-of cach enzvme (total
enzyme volume cannot cxcced l0% of reaction volume).
Increaserhe volume to 2O pL with dHrO.
3. For sizeverification,incubatethe reactionat 37"c for at least
half an hour. For insertsand vectors,incubate thc reaction fcrr
at least 3 h. For maximum digestion,incubate the reaction
ovcrnight.

Table
1
Saltconditions
for doubledigestion.
Useful
enzyme
combinations
for digesting
partswiththeiroptimal
BioBrick
bufferandwhatthedigestion
produces.
Ailfivereacfibns
areoptimal
at 37"G
Restriction
enzymes

Buffer

Product

Ersllf-

S$xl =:::"=..,':::-:.::,:,
I;l;+

EcoRI

SpeI

lrotrt rnsert

spei'.1

F

Back vector

XbaI

PstI

xu.aiii-

P*.f

, .'",,,,,.
,,r,.,

Low
tdid'-'4,;,,,,,..
.t= .,' ' .,,'-1-,,,,.,,.,..
.
r,olv
.:.:.,.:..

.BufferH

F;o*t

v-croi

Back insert

wn"ii'i+r ,

3.4. GelElectrop

3.5. GelPurificat
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l. If the volume of the DNA is lessthan 200 trtL,bring the volumc
up to 200 prl-with steriledH2O (secSubl-reading
3.2).

2. Add one-tenth volume of 3 M sodium acetateto the DNA

:ollec-

solution and mix.

(with

3. Add two volumes of 4oC I00% ethanol and vortex for l0 s.
Put the tube in a -80'C freezcr for 30 min (or overnight in a
-20"C freezer).

rd the
5 - mL

4 . Spin the tube in a microcentrifugeat 13,000 g for l0 min.

Pour thc ethanol out) keepingthe pellet.

5. Wash the pellet with 500 pL of 4"C 70o/oethanol. Gently roll

rter.

the tube. Pour off thc ethanol.
6 . Dry the pellet in a centrifugalevaporator(SpeedVac).

store

7 . Resuspendthe DNA in 2O pL dH,O

(adjust volumc as

necessary).
rfan
or at
, thc
reed
le l)
otal
ne).

tdJt

for
ion

3.4.GelElectrophoresis

l. Prepare a gel of appropriate agaroscconcentration (use the
web tool at http :// gcat.davidson.edu/iGEM08/gelwebsite/
gelwebsite.html).

2. Run DNA samples(seeSubheading3.2) on the gel until there
is adequateseparatiorlbetween the desiredpiece of DNA and
the DNA that it was cut from (seeNotc 4).
3.5.GelPuritication

l. Placethe gel (seeSubhcading3.4) under UV light at an intensity just high enough to visualizethe trands(seeNotc 5). Cut
out the bands containing the insert and the vector to purily
the DNA (seeNote 6).

2. Placethe gel slice in a 1.5 mL microfugc tube and weigh it.
Add two volumes of Buffer NT to one volume of gel
(100 mg:200 pL). For gcls >2% agarose,double the volume
of Br-rfferNT.

3. Incubate the gel at 50"C for 5-I0 min until the gel sliceis
completcly dissolved.Vortex the tube cxery2-3 min to speed
r"rpthe dissolvingprocess.

al
A

;

Placea spin column in one of the provided 2-mL collection
tubes.

5. Placea NucleoSpin@
column into a collection tube. Pipette thc
DNA solution onto the column. Centrifuge the DNA solution
at 13,000 g for I min. The maximumvolumc the column can
hold is 800 prl-,so repeatthis stepusing the samccolumn if tl-re
volume is larger than tl-rat.
6. Discard flow through from the previous step and place thc
column back in the collection tube.

I

7. Wash the DNA in the column by applying 600 pL of buffer
NT3. Centrifugethe column for I min at 13,000 g.
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B. Discard the flow-through and spin the column for 2 additional minutes to dry the column.

3.8. GolonyPCB

9. Place the spin column in a clean 1.S-mL microfugc tube.
10. To elute the DNA, add I0-30 uL of buffer EB to the centcr of
the white marrix. Allow the column to sit for I min and then
centrifuge it at 13,000 g for I min.
I l. Quantify the DNA, which is elutcd in the flow-through.

3.6.Ligation

l. Placc 50 ng of digested vector (see Subheadings 3.3 or 3.5),
5 pL of ligation buffer, and I prl. of T4 ligase into a 500-pL
microfuge tube. The amount of insert to add is calculated from
the following formula:
ng of insert = (Z) (Up insert) (SO lir.rearizedptasmid),/
"g
(size of plasmid in bp).
Add water to increase the final volume to l0 pL (see Note Z).
2. Prepare both a positive ligation mixturc that contains the
digested vector and insert as well as a negative ligation mixture
that contains only the digested vector. Add more water to the
negative ligation mixture ro preparc equal volumes.
3. Leave the ligation mixture ar room remperaturc fbr 5 min, and
then use it directly for transformation of E. coli comperent
cells, or store it by freezing until transfbrmation.

3.7.Transtormation

l. Prewarm culture plates to increase tl-re drying rare of plated
cells. The culture plates should contain the appropriate antibi
otic for the transforming plasmid.
2. Store Z CompetentlM cells at -70"C or coldcr. Thaw a 100-pL
tube of Z-CompetentrM cells fbr 5 min on ice. At the same
timc, cool the tubes containing the ligation rnixturcs on icc.
3. Very gently add 25-50 pL of Z-CompetentrM cells to each ligation mixture of l0 prl- (see Subheading 3.6).
4. Let the mixtures incubate on ice for 5 min.
5. Add SOC media with no antibiotic to a final volume of
60-f 00 ptL/tube. For plasmids using d're ampicillin resistance
marker, the cells will begin repairing their cell walls immediately and are ready to be plated. For plasmids with other antibiotic resistance markers, incubate without shaking for 20 min
before plating.
6. Spread the cells on culture plates containing the appropriate
antibiotic. Let the plates incubate overnight until colonies are
visible and large enough to pick individually.
7. If transformation with Z-CompetentlM cells is unsucccssfirl,traditional heat-shock transformation or electroporation with a
different brand of competent cells may yield higher efficiencies.

3.9. GlycerolStoc
of E.coli Cells
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l. Compare your positive ligation plate to your negative ligation
plate to estimatc the number of background negative colonics
(seeSubheading 3.7). Plan to screenan appropriate amounr so
that it is highly probable at least one of the positive color-rieswill
havc thc correct insert size given the amoLlnt of backgror-rnd
negativc colonies. Screen at least onc negative colony also.
2. To conduct PCR) you will need a forward and rcvcrse prinrer
specific to the plasmid bcing screened. The primers should
amplily the region where the insert was added (sec Note B).

;),
J.
m

3. For each colony to be picked, prepare a PCR tubc witl-r the fol
lowing mixture: 12 ,p,L2x Green Master Mix, I0 prl- dHrO,
I pL (20 pmol) forward primer, I yL (20 pmol) rcvcrse prirncr.
4. Use a micropipctte tip to pick a single colony offof the culture
plate. Placethe tip into a labeled PCRtube and mix by pipetting
up and down.
5. Ren-roveI pL of thc PCR mixture and placc it in a labeled test
tube containing 200 prl-culture media with antibiotic to reserve
some of the cells from the colony to grow latcr. Incubate these
cultures at 37"O.

)
le
le

6. Clonduct the following PCR cycle: 95'C for I0 min, fbllowed
by 20 cycles of 95'C for l5 s,46"C (or appropriate annealing
temperature for your primers) for l5 s,72"C for 60 s/kb of
DNA of the expccted size fbr a successfulDNA ligation.

d
rt

7. Run thereactionproductson anagarosegel(secSubheading3.4)
appropriate for thc size of the anrplified product. You can use
our gel optimization tool to choose the appropriate percent
(http://gcat.davidson.edu/iGEM08/gelwebsite/
agarose
gelwebsite.html). Colonies containing unsucccssfirl ligations
will l-ravethe same insert sizc as the negative control colony
(scc Notes 9 and 10). Successfulligatior-rswill be bigger than
thc ncgative control insert size (Fig. 3). For colonies that show
thc cxpected insert size, save thc corresponding culture and
discard all unsuccessful colonics.
8. Thc BioBrick part can be further verificd by miniprepping (sec
Subl-readir-rg
3.1) and digesting (scc Subheading 3.2) and gcl
clcctrophoresis (see Subheading 3.4), or by sequencing (scc
Notc It). After successfulligation and transfbrmation, the part
can be used or manipulated more to constrllct more new parts.

3.9.GlycerolStocks
of E.coli Gells

l. Growa2 mLculturc ofaparticularcell type (seeSubhcading3.8)
overnight for each frozen stock that is needed.
2. Microwave sterile glycerol for 30 s. L)o not mix the glycerol so
that the top portion rernains as hot as possible.
3. Cut a 200-yL pipette tip with a clean razor blade to make a
larger opening at the tip.

70
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Fig'3'After20cycles
of amplification,
colony
PCR
products
foreachcorony
wererun0na 0.9%agarose
colonies
ger.serected
werenumbered'
and.the
negative
toron},
runr[o"N."coronies
+sanJ*jo
nuue
aninsertsize
negative
biggerthan
controt
androughty
the
thee*peited
insert
;iz;;;;the DNA
part(j,t 00bp).

4. Iabel Nunc cryotubesas appropriate
and add I50 pL of hot
glycerol.
5 ' Allow the glycerolin the tubes
to cool ar room temperaturefor
I min. Add 850 pL of bacterialculrure
to eachtubc, making
l5% glycerolmixtures.
6' Alicrputting the capson' shake
the tubesvigorousryto ensure
that d'reglycerol mixesevenlywith
the bacterialculture.
7. Immediatelyafterstep6, put
the tubesinto a _80.c freezer.
3.10.Connecting
TwoBioBrick parts

l. Obtain plasmidDNA fbr both
parts (seeNote I
).
2. Digest the plasmid DNA (see
Subheacting3.2) for the rwo
parts with the appropriareenzymes
for the i.ri..i li;;,;;;
a;".
Fig.2, Table l, anclNote l2).
3. Run the digestedDNA.on_a gel
(seeSubheading3.4) until
there-isadequateseparationbetween
the desiredpieceof DNA
and tl'reDNA that it was cut from. you
can useour online tool
to optinrize the percent agarose
for your gel lhttp://gcat.
o- davidson.edu/i GEM0 B/geiwe bsite/gei
websi"te.
h t_ li.,,
4. Placethe gel under UV light
at an intensityjust high enough
to visualizcthe bands(secNote 5).
Cut or_rr
the bandscontairr_
ing the insert and the vector with
a razor and purifi, the DNA
(seeSubheading
3.5; seeNote 6).
5. Ligate the purified insert
and vector together (see
Subheading
3.6).
6. U:-. the ligation mixrurc ro transform
into compe tent E. coli
cells(seeSubheading3.7).

3.11.Cloning
a New
Partinto BioBrick
Ends
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7. Alter overnight incubation ofthe transformed cells,pick colonies
from thc ligation ancl the control plates fbr colony PCR to
quickly test if tl-religation was sLrccessfulin any of thc colonies
(s e eS u b h e a d i ng 3.8).
8. Grow clones with positive results from the colony PCR over
r-right in tubes of 2 mL LB media containing thc appropriate

antibiotic.
9. Miniprcp the overnight cultures to obtain plasn-ridDNA.
Digcst the plasmidDNA with EcoRI and PstI as a conclusive
test for whetl-rerthe ligation was successful.

10.Store cclls that l-ravebcen confirmcd to have successfulliga
tions in glycerolstocksat -80"C (sccSubheading3.9).

a New
Cloning
3.11.
PartintoBioBrick
Ends

Tl'rere are three main approachcs to the fabrication of a new
BioBrick part. Thc easiest but most expensive mcthod is to design
the scquence of the part, add the BioBrick prefix and suffix
sequcnces)and havc the part synthesizedand cloned (seeTablc 2).
Companies that provided this dc novo gene synthesis will gencratc
the nccded DNA oligonucleotides, assernblethcm, and providc thc
part cloned into a plasmid. The second approacl'ris to add BioBrick
cnds to an cxisting DNA sequence using cllstom PCI{ primers
(Fig. a). The template uscd can be au existing clone or DNA from
a natlrral source. The third approach is to assemble a part yor-rrself
using overlapping single-strandedoligonucleotides. Building parts
from oligos work well with relatively small DNA parts, typically less
tl-ran300 basepairs long. In the synthesisof all new BioBrick parts,
it is important to maintain tl-reintegrity of tl-rc DNA sequence and
the BioBrick ends. Therefbre, the DNA sequcnce of the part itsclf
cannot contairr rcstriction sites fbr NotI, EcoI{I, XbaI, SpcI, or
P s tl . IF a d e s i g n e d scquencccontai ns onc or morc of thcsc restri ction sites, the DNA should bc modified to rcmove the restriction
sites. If tl-rc sequence is derived from an existir-rgclonc or a natural
source) the offending rcstrictiort sitcs must Lre removcd by mutagenesis. Aftcr the new part has been scquence verified, it can be
manipr-rlatcd through digestion, ligation, and transformation in
order t<-rasscmble it with other BioBrick parts.

Table2
BioBrickprefixandsuffixto flankde novopart
BioBrick preti (r"finsen begins
wnh ATG)

GAAT'TCGCGGCCGCT:ICTAG

BioBrick prefir

GAATTCGCGG CCG CT*TCTAGAG

3i;*ric* suffx

TACTAG

PDF from A. Malcolm Campbell
72

O . Ho -Sh i n ge t a l .

CodingSequence

Prefix

Suffix
Stabilizing
nucleotides

Stabilizingnucleotides

Forward Primer:
*3'
5'_ **AT{=,&A€TC**&** f **TT*?&GATGGCGATCGCATCTGGGCGCG
ReversePrimer:
5'_ &?#**T*CA€*G**C

G*TAESA*?&TTATTATAACGAAGACTTAGAA*3'

Thegivenfonrvard
and reverseprimerswould
Fig.4. Designingprimersfor additionof BioBrickendsby PCRamplification.
be designedand assembledin orderto add the BioBrickprefixand suffixto the givencodingsequence.Fourstabilizing
nucleotides
allow restrictionenzymesneededto cut the BioBrickendst0 bind securelyt0 the targetsite.We like to use
GCAThere,but any sequencethat is not a restrictionsite will suffice.

If you make the part using PCR, thc forward primer for the
part must inclr-rdethc BioBrick prefix, thc first 20 25 nuclcotides
of the part sequencc, and four extra base pairs (see Fig.4) on the
5' cnd so that the EcoIU restriction enzylls can bind and cut the
restriction sitc (seeNotes 3 and 8). The reverseprimer for the part
mrrst include the last 20-2,5 nucleotides of the template, the
BioBrick sufftx, and for-rr extra base pairs. Reversc primers are the
reverse complement of the tcmplate strand (scc Fig. 4). Try to
desigr-rthc primers so that their melting tempcratures in the PClt
mix to bc used are within lOoC of each other. You can calculartethc
mclting temperaturcs using the following web tool: http://www.
Compare tl're salt-adjusted
promega.com/biomath /calcll.htm.
(adcling
more base pairs that
Lengthening
mclting temperaturcs.
complement tl-retcmplate sequence)or shortening the primers will
increase or decrcase the melting tcmperatllres, respcctively. The
dcsired DNA tcmplate can be part of a plasmid or chromosomal
DNA. While cell extract containing the desircd l)NA can be uscd
as template, you might want to pr-rrify the DNA so its concentration can be measured before beginning thc PCR process. One to
five nanograms of templatc I)NA will be used in the PCR amplification. Pcrform PCIR according to a standard amplification protocol. Tl-re final amplified product is ready for digcstion with EcoRI
and PstI to clonc the new standardizcd part into a plasmid vector
(s e eS u b h e a d i n g 3.2).

4. Notes
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To prodLrce a part of 300 bp of DNA
asscmbly:

Z3

or less, use oligo

l. Enter thc desircd 5' 3' fbrward sequenceinto Tl-reOligator A
progr.rm ar: http // gcat davidson.cdo/igcml 0 /index.html.
This tool gcnerates singlc-strandcd DNA oligonucleotide
sequences that have vcry similar melting temperaturcs in their
overlapping scquences.The overlap lcngth for the oligos must
be at lcast 20 base pairs. Limit the lengtl-r of your oligos to 70
basesor shortcr (see Note l3).
2. Ifyou are cloning into EcoRI and PstI sticky cnds of a BioBrick
plasmid, check the box fbr adding prefix and suffix, choosc
EcoRI fbr thc prefix irnd PstI for rhc suflix, and thc web sitc
will prodr-rcesticky ends when the oligos are fully assembled.
3. The output window will show the desired dor-rble-stranded
DNA scquencc, color-codecl by the overlapping oligos. The
top strand is thc sequcnce submitted, beginning and cnding
with thc BioBrick ends. Save rhc text frorn the output in a permanent documcr]t.
4. The resulting scqLlencear-rdindividual oligos have sticky ends
cquivalcnt to digestion witl'r Ecol{I and PstI. Have thesc individual oligos synthesized.lt a recommended 100 mM collcentration. Store oligos at -20"C until ready to asscmble.
5. To a 0.5-mL microcenrrifuge tubc, add I pL of a 100-pM
solution of each oligo (the final conccntrarion of each oligo
will be 5 pM) Add a one renrh volume of annealing buffer
(2 pL in 20 pL) and water ro a final vohrme of 20 plr.
6. Boil the oligos in 400-500 mL of water fbr l0 min.
7. Let the mixture cool slowly to room tempcrature overnight.
The product is ready to use for ligation. To determine the concentration of the product, sum the amount of nanograms of
each oligo added and divide by the toral volume of thc mixturc.
You may nced to dilute an aliquot to avoid pipetting volumcs
below 0.5 prl- (see Note l4).

4.Notes
l. Whcn obtaining plasmid DNA for digcstion and ligation, a yield
of at least 15 ng/ptL is desirable. AIso, it is helpfLl to miniprep
morc than onc samplc of each type of plasrnid DNA every lims
the miniprep procedure is done. Due to the overnight incubation step, minipreps are a bottleneck process, so minimize the
number of times you perform minipreps. Another bcnefit of
having a large volume of DNA is that you have tl-re option of
concentrating the DNA if r-reeded(see Subl-reading3.3).

rF
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i

i
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2. We have fbr,rndthat digesting 50 times the calculatcd anount
of DNA neecledfbr a ligation gcnerally yields aprpropriateconcentrations. Thc digestion reaction volume can be incrcased
above 2O pL fbr large DNA volumes as long as the rrolume of
ellzymes does not exceed l0% of thc fir-ralreaction volume.
3. When prcparir-rg a receiving plasrnid, you do r-ror nced to gcl
purify the vcctor. We have for-rndthat ethanol precipitirtion suffices (see Subheading 3.3). The small piece of DNA between
the EcoRI and XbaI sires,or the SpeI and PstI sites, does nor
precipitate efficiently and is cxcluded from the l)NA pellet.
4. We have run gels at thc maximum of 120 V for the fastestrun
time, but that can causc a diffusc band especially ryi11-r1-rttn
l)NA concentrations. We find a voltage of 80-100 V to be
ideal. Sccondlg wc try to limit each DNA samplc to 20 prl- in
one lanc. However, if digestion volumc is larger thar-r20 prl-,
rwo or r-nore lanes may be uscd.
5. Excessiveexposure to UV light is harmfLrl.Wcar gloves trnd prrotective eycwear when working with LIV light. UV light also nicks
DNA so minimize UV exposure to your l)NA of intcrest.
6. Try to cut off most of the gel around the DNA bands. There is
usually gel undcrneath thc band that can be cut ofT as well.
Decrcasing the volume of the gel slice will improve yield fbr the
gel purification step. The maximum weighr of thc gel slicc is
400 mg. Higher wcights will rcquire more rhan one spin column during gel purification, and tl'rat is not recommended.
7 . If the vector or insert DNA solutions is too dilute. the comoonents of the ligation can be scaledup, or thc DNA can bc dried
down to a smaller volume. Although yoll can perform ligations
in as much as 20 pL, yoll can also vacuum,conccnrrate the
DNA to dryness and resuspend in a small volume of water to
keep the total reaction volume at I0 prl. Thc fbrmula providcd
calculatesthc amount of insert for a 2:l molar ratio of vect()r
to insert, whicl-r is ideal. Flowever, we have used ratios slightly
lower than 2: I ifthcre was insufficient insert DNA. Alternatively,
you can cut all values in half if pr-rrifieclDNA is limited. I{atios
of 3:l or 5:l can be used if ligation fails rlre first rime.
8. As a rtrle of thumb, PCR primer annealing tcmperatures should
bc abclut 5oC lower than the calculated mclting temperature .
Elongation times should bc about I rr-rin/kb to reducc the
n u mb e r o f n c w mrrt:rti ons.
9. If thc insert and the plasmid are thc same size, we digest thc
ampicillin resistancegenc with ScaI to cLrtrhe plasmid into rwo
picces.
10. Some DNA sequences are so resisrlnt rcl cloning as to be callcd
"unclonable" (B). Often, the reason for this is not known, but
suspectedcausesincludc unusual sccondary structurcs serving
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as substrates for recombination and generation of gcr-rcprod
Llctsthat are toxic to thc bacterial cells.
11. Sequcnce verify all new cotlstructs and thosc that contain more
than one copy of a part. We have found that parts such as dou
ble transcription terminators cause unintended recombination.
12. Consider two hypothetical BioRrick parts, A arnclB (Fig. 5).
Making part A the front insert and part B the front vector produces the samc arrangement (part A:part B) as making part A
the back vector and part B the back inscrt. However' thc larger
part is usr.rallyused as the insert for two rcasons. First, it is
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dif-ficultro ger adequategcl purificati.n yields of smalrpieccs
of DNA. Second,a largeinsertwill producc a more conspicu_
ous band shift whe'the ligatedproduct is
orr a ger a[o'g^rn
side the unligated vector to verily that thc ligation
oic,rr.ed.
13. We order our DNAoligos usinga smallscalc(10 or 50 nmol)
and have them desalted.we have the oligos shipped in liqr-ri<l
fbrm at 100 pM. This allowsus ro use r pL of the ohgo ai.ectly
in a 100 prl-PCR amplification.
14. \Alhen ligating an inserr, always perform a negative conrrol
with the sameplasmid but no insert DNA. Ideailv.vou would
see more colonieson the plate with the insert"rhr' on the
negativecontrol. F{owever,we havc fbund that when the nesativc control plate has morc colonies,the smallcrnumber tf
colonies on the experimentalplate often contain the correcr
ligation product. If the plasmid recircularizesfrequentlS you
can use a heat scnsitivealkalinephosphataseto remove the 5,
phosphatesfrom your vector.
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