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1. Intro duc tion

DNA-depen dent RNA poly mer ase (RNAP) is the key enzyme of 

gene expres sion. RNAP is a mul ti sub unit, mul ti func tional molec-

u lar machine, whose func tions are reg u lated by var i ous cel lu-

lar fac tors in response to envi ron men tal cues. Despite the very 

high degree of evo lu tion ary con ser va tion at and around the cat-

a lytic cen ter, RNAP from dif fer ent organ isms, includ ing dif fer ent 

 eu bac te ria, exhibit spe cies-spe cific prop er ties such as spec i fic ity 

of pro moter rec og ni tion or abil ity to inter act with and respond to 

tran scrip tion fac tors. Thus, under stand ing tran scrip tion reg u la tion 

in a par tic u lar bac te rium often means that an in vitro tran scrip tion 

sys tem with cog nate RNAP needs to be set up.

Bac te rial RNAP con sists of a cat a lyt i cally pro fi cient core enzyme 

(sub unit com po si tion a2bb9x, molec u lar weight »300–400 kDa) 

and a spec i fic ity sub unit r. A com plex of core with r is called the 

holo en zyme and is able to spe cifi  cally rec og nize pro mot ers. Dif-

fer ent r fac tors direct the core to dif fer ent groups of pro mot ers. 

The small est RNAP sub unit, x (»10 kDa) is the only sub unit that is 

dis pens able for most in vivo and in vitro func tions of the enzyme. 

While robust pro ce dures suit able for RNAP puri fi ca tion from most 

bac te ria have been devel oped, their appli ca tion is ham pered by 

dif  cul ties asso ci ated with cul ti vat ing, let alone grow ing large vol-

umes of bac te rial cul tures needed for bio chem i cal frac tion ation. 

Bac te rial RNAP is unique in that it can be ef ciently recon sti tuted 

in vitro from iso lated recombinant sub units, or prepared by het er-

ol o gous co-over ex pres sion of sub units in sur ro gate hosts, open ing 

way for func tional and struc tural anal y ses of tran scrip tion mech a-

nism and reg u la tion in hard-to-cul ti vate micro or gan isms. In addi-

tion, both the in vitro assem bly and co-over ex pres sion approaches 

allow pre par ing RNAP mutants lack ing essen tial func tions. This is 

very impor tant for reverse genet ics anal y sis of RNAP, which is an 

essen tial enzyme, mean ing that clas si cal genetic approaches are 

lim ited to anal y sis of via ble muta tions. Below, we pres ent detailed 

pro to cols for prep a ra tion of recombinant RNAP by in vitro assem-

bly and co-over ex pres sion.

2. In vitro recon sti tu tion of recombinant bac te rial RNAP

A gen eral scheme of in vitro recon sti tu tion of bac te rial RNAP is 

pre sented in Fig. 1 and is described in detail in the fol low ing sec-

tions.

2.1. Expres sion of recombinant RNAP sub units in Esch e richia coli

Plas mids of the pET series (Nova gen) have been suc cess fully 

used as vec tors for expres sion of rpo genes from var i ous bac te rial 

sources. Plas mids with rpo genes are trans formed into the E. coli 

BL21(DE3) cells and trans for mants are plated on solid medium 

con tain ing appro pri ate anti bi ot ics. In PET-based plas mids, the 

tar get pro tein over pro duc tion is induced by the addi tion of IPTG 

(usu ally 1 mM). It is very impor tant to find opti mal con di tions for 

over pro duc tion for each RNAP sub unit. In our expe ri ence, vary-

ing growth tem per a ture, IPTG con cen tra tion, cul ture OD600 at the 

time of induc tion, and cul ti va tion time after the induc tion allows   

high- to medium lev els of expres sion of RNAP sub units from 

var i ous sources, includ ing Gram-neg a tive bac te ria (E. coli, Xan

tho mo nas ory zae, and Fran ci sel la tu lar en sis), Gram-positive bac-

te ria (Bacil lus sub til is, Bacil lus cereus), and sev eral ther mo philic 
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 organ isms (Ther mus aquat i cus and Aquifex ae o li cus). Should prob-

lems with expres sion be encoun tered, var i ous pro ce dures such as 

alter ing the ratio of iso ac cept ing tRNAs in the expres sion host can 

be used to attempt to increase the yield. Use ful infor ma tion about 

 opti mi za tion of induc tion can be found in the PET sys tem man ual 

from Nova gen (http://www.emd bio scienc es.com/docs/docs/PROT/

TB055.pdf).

Once the induc tion con di tions have been opti mized in pilot 

exper i ments, large-scale induc tion is per formed. Only freshly 

trans formed cells (grown at 37 oC for no more than 12 h) should 

be used. Cells are col lected from plates by scrap ing with a micro-

bi o log i cal loop and are care fully resus pended in »1 ml of liquid 

LB medium in a ster ile Ep pen dorf tube. The result ing sus pen sion 

is used to inoc u late liquid cul tures (a plate con tain ing sev eral 

hun dred »1 mm col o nies is suf  cient for inoc u la tion of 1 l of LB 

medium). The medium should con tain appro pri ate anti bi ot ics and 

should be pre heated to 37 oC. The cul ture is grown at 37 °C with 

vig or ous agi ta tion until OD600 reaches 0.4–0.8 (usu ally 2–3 h), 

induced with 1 mM IPTG and allowed to grow fur ther (usu ally 

for addi tional 2–5 h; the opti mal time of induc tion time could be 

deter mined dur ing the pilot exper i ments). A 0.1–0.5 ml ali quot of 

the cul ture is with drawn before the induc tion and stored at room 

tem per a ture in an Ep pen dorf tube. When the induc tion is com-

plete, another ali quot of the cul ture is with drawn. Cells from both 

cul ture ali quots are col lected by cen tri fu ga tion in a micro cen tri-

fuge, the super na tant is removed, and the pellet is resus pended in 

20 ll H2O and equal vol ume of Lae mmli load ing buffer is added. 

Sam ples are boiled for 5 min and ana lyzed by SDS–PAGE to deter-

mine recombinant RNAP sub units expres sion lev els. If desired lev-

els of over pro duc tion are detected, cells from induced cul tures are 

col lected by cen tri fu ga tion (4000g, 10 min, 4 °C), the medium is 

removed and cell pellet drained and stored at ¡80 °C until fur ther 

use.

2.2. Inclu sion bodies prep a ra tion and puri fi ca tion of Histagged 

RNAP sub units from cell extracts

Esch e richia coli BL21(DE3) cells trans formed with rpo gene 

expres sion plas mids usu ally over pro duce indi vid ual core RNAP 

sub units at high-level upon induc tion and these RNAP sub units 

often form inclu sion bodies. Nev er the less, it is very impor tant to 

deter mine the local i za tion (cyto plas mic ver sus inclu sion bodies) 

of recombinant pro tein when over pro duc ing an RNAP sub unit 

from a new source. This is best done by performing a small-scale 

trial induc tion in »10 ml of LB medium. It is safer to per form local-

i za tion tri als by grow ing cell cul tures in tiny flasks rather than 

tubes, since induc tion con di tions often do not scale prop erly from 

tubes to flasks. Induced cells are col lected in an Ep pen dorf tube, 

resus pended in 400–500 ll of lysis buffer (see Table 1) and lysed 

by sev eral 5- to 10-s son i ca tion bursts using a mi cro tip with 1-min 

rests between the bursts. The tube shall be kept in a water-ice bath 

dur ing the son i ca tion. An ali quot of lysed cells is next removed and 

cell debris and inclu sion bodies are col lected by a 2–5 min cen tri-

fu ga tion in a refrig er ated micro cen tri fuge. An ali quot of the cleared 

cell lysate is removed, the rest of the super na tant dis carded and 

the pellet is resus pended in an ini tial vol ume of the lysis buffer 

Fig. 1. Prep a ra tion of bac te rial RNAP core enzyme by in vitro recon sti tu tion. The 

sequence of steps involved in RNAP core enzyme recon sti tu tion is sche mat i cally 

pre sented. The x sub unit can be omit ted from recon sti tu tion reac tion with min i mal 

effects on most RNAP func tions. See text for details.

Table 1

Solu tions and buf fers.

Solu tion name Com po nents Com ments

Lysis buffer 40 mM Tris–HCl, pH 7.9; 

300 mM KCl; 10 mM EDTA

Before use sup ple mented 

with 15 mM 2-ME and 

0.1 mM PMSF

Grind ing buffer 40 mM Tris–HCl, pH 7.9; 

100 mM NaCl; 10 mM EDTA

Before use sup ple mented 

with 15 mM 2-ME and 

0.1 mM PMSF

Stor age buffer 40 mM Tris–HCl, pH 7.9; 

200 mM KCl; 50% glyc erol; 

1 mM EDTA; 1 mM 2-ME

Used for dial y sis

Dena tur ation buffer 6 M gua ni dine–HCl; 50 mM 

Tris–HCl, pH 7.9; 10 mM 

MgCl2; 10 lM ZnCl2; 10%  

glyc erol; 1 mM EDTA

Before use sup ple mented 

with 10 mM DTT

Recon sti tu tion buffer 50 mM Tris–HCl pH 7.9; 

200 mM KCl; 10 mM MgCl2; 

10 lM ZnCl2; 10% glyc erol; 

1 mM EDTA

Before use sup ple mented 

with 1 mM DTT or 2-ME 

(see text)

TGE buffer 40 mM Tris–HCl, pH 7.9; 5% 

glyc erol; 1 mM EDTA

Before use sup ple mented 

with 1 mM 2-ME

Start buffer 20 mM Tris–HCl, pH 7.9; (or 

Hepes); 500 mM NaCl; 5% 

glyc erol

For metal che late afn ity 

chro ma tog ra phy

Tran scrip tion buffer 40 mM Tris–HCl, pH 8.4; 

40 mM KCl; 10 mM MgCl2
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