RB SHOMIEd 18 UO Jeeq wsssaion) Uealf Sumuiip 84 Aew nok
Buoj siogeg -ewousd UM sl OlUl papssUl YNC 4D B4 SUBWICD 18U} Aaxuour snsaud
e puz Wb AR 0 pesedxe usuym Useasb juedsaiony smoil jeu AUund d49 E Sisixe alay]
Apras 10 1BASE Jenyisn BUL O] Pl Usaq jou SBY 449 'Blowl yonu pue ‘gardeisyl
J20UED 'swoisAs Aleayep Brup ‘uoieuuo] Jownt ‘(ueep (@0 pewwelboxd) sisojdode

(uopewlio) esseA poojq) sissusboifus ‘UCISIAD {83 $E LONS gesseanid |eoifojolg

mu&m o1} ‘ﬁ%m mcwmﬂ, m_ weshs Jeuodal d49) UL IDSISY 8ug S80UBISe) Q00 18A0

‘soueog jeuinol ey jenl Busn Uoiess B Ul UsTUM $1 9iold jusosaiony UsRb, Usiin

(sucneinded goo paxul Buzfsue o
‘siejowiosd JUBIBMD oMy WOy ABhosusinus ucisseldxe aushl Butoyucwl ‘suopoReIU
umoad-uiiosd B 1) 3481 JBiNjje0 aY} 18 sluens DUipBosED 1B HOO| 03 Slsysiessal Bujmolje
suisiold 1UBIsSICNy Jo Aeusa B Upm pejege] 8g mou UBD 5|80 ‘UBAD DUB MC|SA
'aniq ‘pessoudxe Busg SIojco msu Uy peynsal easy uolbel sug i sebusyo ooeds
ugiBal eJoudeiony ay; O 8iE d49 0} sebusys Bulioxe 50w syj jo SWog oo JausaiB,
g pue Sonposd jo pleid ey B ‘ugnodd sigeIs SloWw B U peynsed sl 449 0
uoibes Buspoo suy W epew osje sism sebuey) paisyE sBMm yoiBas Jsowold su)) ‘SesED
2O 1 L0issaIdxs Jo §8As) yBIY Lielgo O SUBLINY O} BugjoRd WOl Ansianp u sBu=l
feus 51504 ui uoissaudxe U weldo o] YNG Jd49 84 4o susiPed juaiayp sgindiuBw Q)
pey ssiBopg Bnos(op  Ysydisl syl Ut siens| alelepow 18 pessadre MBINEU S| 43D

‘BIGRIS AleA
5 pue ‘paiiesqo g o3 Wbl AN Auo sainbal ‘yews si ) esnEcaq sust Jeuodal jewndo
ue §1 449 'siocl eoiBojoiq 58 pesh AUCHILCD 9 PUB Poests Uasq SABU StUsIsAs
sush Joucdal Auepy ~oush ispodal, B DajlEa 8§ SNY) saleiUl O austi au} jo Aunoe
10 ucisseJdxe eyl uo pJodel, o1 pesn Dulsy s i suel Jeuyicus ojuo pabtel sl 445 Usif
lea aiy Bupony sy jsouwie s 3 Buyoisesel ase Aoyl saual oyweds Apnis ¢} 445 88N
os|e Asy | ‘uolssaidxe di5 Apnis o) Ao siuswipiedxe asey; g BUCP jou 8J8 Sjsiusig

sUBLINY 0} BLISIoEg
wiody ‘(o ur) swsweblo Buay Ul pue {aigia L) eiro feo Ul pessedxs od UBD d49 1BU)
WAOLS BABY SiUSUILSdXe JUB0s) 88y, SuojeDiSSALL JISY) t} 4D JO 851 8L Bupiopdxe
SIBYDIESSEL YR 'SII0G BUL JO IND MOU SBM 440, sluab eyl ‘Buiicis jo asodind su Joi
Jowan B Ol 449D 10 YNG 8l Hesu o} 1SH siy) slam sanbes|joo siy pue JBYseid ‘2661
Ul &d-45 suoie 0] LByl Sij) op 03 Aem Jollag JBUM -sagnuent sbiel Ui ejgeUlzigo Ajlses

2q o} speeu §i ‘'sesodind JO A1aUBA B 10} SIS[USIDS SNOLBA Ag pasn aq 0] 445 Jo) Jspie uj

-wsedolfo s4; pUB ‘SBUBIGLISW ‘salRuEbIO SNOLEBA

‘Snejorid B4l 5B Lons 'SiU2WLBdwed Jejn|iso pue S[[e0 JO INC puB O] peilinys Ajs=a 81

pue ‘ews Alea osie s uejoid alyy sucneaydde LoIBSSSI JO SDFIYNUE B Ul PEST 9q UBD
SIS PUE SUOIHPUCD jRiueluuacxe AUBL Ul 81g818 AjBLaixe 08|B S| 445 'LIUGEE
o ybusjenem & 18 WBI AN spesu Auo 449 ysuAiel ey Wol slonpaid 4o SI010R00
‘sewAzuecs Jage oU uonoury o) usAel ag woy Buldue sanbel 10U ssop I J8uo,

B 5l 49 184 SSISPUSIDS JOJ G0} INHeMmod B UShS pUB S|GBBWs) 05 449 $SeLU 18U

‘aloydolonyy syl PalED ‘souedsaloN)
u SyNss. 18U} UoJEal [BOIUSYD SU} S0} ejdisuadsad §| e weloid sup jo uoibal ey
51 |a1mg Wwedwon Sy 10 RIS o) Ul "4 01 snbiun $1 sMnonys Jeueqg Jo Ues, sl
‘QIMDNAS U889y PepURAS-| | UB SULOL PUB ‘SPISE OUILLE GEZ 40 pascduios sem 445
|y ounoy Asyy swsiojog senosow! eseyl & pEiEpnne sBm mmw 1O SUNOnAs el
spBeL Dl el Ag  Bugeindiuew siea feuy seush syl Aojio) 0} [003 BIFOe0U Usjadxe
UE 80 PINOM d45 T8 Dezess Aol spoisw Suuol gel) w swsiuetio jo Aipuea
e oy saush Busn slem sisiBojoK JeinN0sioW SORGL B Uf  SBLUILE JO Asusa 2 Ul
SOUEISSUILUNIGG OAE SJOUT LUIZS| 0] SBm 1Seiail] UBW s8y] Basonbay Loy PIEICS)
4D o uIBlolg Wesselon|4 ussiD peweuy ‘ueiosd ussib psyund BuL jo saedoid
1WBssaIoNy oy BulApris asem ‘eunuiowiys Bupriour ‘sisyusios Auewl S0g6| sU) Buung

iDHoM By} INoUBnoLg SISHUSIos
J0} |00} |BiIUSSSe UB QuioTsg PINOM BOUBISHNS SOUSOSSUWINCI], SIUl J818( SigoA
O 1SoWiE By Mol Aoy pip S siuswiLedxe Jayung Jeul Bm., pasn pue psos|iod
sem @jezeenbs, jusdssuiuny pinbl eui  ezneb uoAer ybnoiy sig pausnd uey)
pue ysyAel ooz wWoy uoiber BumiEiuca-uby syl 4o o Asl] eDLBSSBULNICIY 8y
10 smnos 8y Buyelos! i palselew sem Aay) ssnEgaq rasonboy ysuAjei auy Bulioajao
RIBM 'BINWIOUNUS NWESQ pue UosUYOP ¥uBid 'si( ‘sisiusos omg atll  Apoq pedeys
pjeiqun jueledsuel Jeyl jo abBpe wokag ey woy Sumpiws eoLBDssIcnY ueslB B
LM ysuAyel Ajentor slem sbeg asey; jeU) 995 piNoD NoA sisuleILoD Bsely) ol Bubjoo
‘UESD0 ayl wol sfeq penssuun JlBwWs fo iy spxong Buidocos Usas aiem SISHUSIDS

oM} ‘BIUINIOD YSALG BUOIDIA Jeau pUB(s| uB Lo JogseH Aepud wo sy Bog Aes sy) sy

diysieunieg uoneanpg Abojouyseolg Aunod ey wmues
B9G PUE PUET UO d45



The Arabinose Operon ang the GFP gene

Our bodies contain thousands of different proteins which perform many different jobs. Digestive enzymes
are proteins; some of the hormone signals that run through our bodies and the antibodies protecting us from disease
are proteins. The information for assembling a protein is carried in our DNA. The section of DNA which contains
the code for making a protein is called a gene. There are over 30,000—-100,000 genes in the human genome. Each
gene codes for a unique protein: one gene, one protein. The gene that codes for a digestive enzyme in your mouth is
different from one that codes for an antibody or the pigment that colors your eyes.

Organisms regulate expression of their genes and ultimately the amounts and kinds of proteins present
within their cells for 2 myriad of reasons, including developmental changes, cellular specialization, and adaptation
to the environment. Gene regulation not only allows for adaptation to differing conditions, but also prevents
wasteful overproduction of unneeded proteins which would put the organism at a competitive disadvantage. The
genes involved in the transport and breakdown (catabolism) of food are good examples of highly regulated genes.
For example, the sugar arabinose is both a source of energy and a source of carbon. E. coli bacteria produce three
enzymes {proteins) needed to digest arabinose as a food source. The genes which code for these enzymes are not
expressed when arabinose 1s absent, but they are expressed when arabinose is present in their environment. How is
this so?

Reguiation of the expression of proteins often occurs at the level of transcription from DNA into RNA.
This regulation takes place at a very specific location on the DNA template, called a promoter, where RNA
polymerase sits down on the DNA and begins transcription of the gene. In bacteria, groups of related genes are
often clustered together and transcribed into RNA from one promoter. These clusters of genes controlled by a
single promoter are called operons.

The three genes (araB, arad and araD) that code for three digestive enzymes involved in the breakdown of
arabinose are clustered together in what is known as the arabinose operon. These three proteins are dependent on
initiation of transcription from a single promoter, Py,p. Transcription of these three genes requires the simultaneous
presence of the DNA template {(promoter and operon), RNA polymerase, a DNA binding protein called araC and
arabinose. araC binds to the DNA at the binding site for the RNA polymerase (the beginning of the arabinose
operon). When arabinose is present in the environment, bacteria take it up. Once inside, the arabinose interacts
directly with araC which is bound to the DNA. The interaction causes araC to change its shape which in turn
promotes (actually helps) the binding of RNA polymerase and the three genes araB, A and D, are transcribed. Three
enzymes are produced, they break down arabinose, and eventually the arabinose runs out. In the absence of
arabinose the araC returns fo its original shape and transcription is shut off.

The DNA code of the pGLO plasmid has been engineered to incorporate aspects of the arabinose operon.
Both the promoter (Pp4p) and the araC gene are present. However, the genes which code for arabinose catabolism,
araB, A and D, have been replaced by the single gene which codes for GFP. Therefore, in the presence of
arabinose, araC protein promotes the binding of RNA polymerase and GFP is produced. Cells fluoresce brilliant
green as they produce more and more GFP. In the absence of arabinose, araC no longer facilitates the binding of
RNA polymerase and the GFP gene is not transcribed. When GFP is not made, bacteria colonies will appear to
have a wild-type (natural) phenotype—of white colonies with no fluorescence.

This is an excellent example of the central molecular framework of biology in action:

DNA— RNA- PROTEIN- TRAIT
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Want to add some pizazzto your aquarlum'? £ Taiwanese scientist has devised a
way to make ctherwise colorless fish glow ndon greenin the dark. Professor H.J,
Tsai at Mational Taiwan University works this biological magic by injecting a
protein extracted from jellyfish into the fertilized eggs of rice fish, He also uses a
protein from coral to make fish glow a vibrant reddish pink. Oppanents of genetic
eng:neer!ng fear that these creatures could crossbresd with wild species,
creating glowing schocls of Franienfish. To keep them from spreading their
shining DINA, the distributor, Taikong International, sterflizes thers all,

INVENTOR H.J. Tsal

AVAILABILITY Now, $7.5C each (in parts of Europe and Asiabut notinthe U.S.)
TO LEARNM MORE www.azoo.comiw

Taken from the Student Manual pGLO Transformation, Available at http://biosci.usc.edu/courses/2602 -fall/documents/bisc300-
lab_bacirans.pdf



