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Bac te rial RNA poly mer ase (RNAP) is a multi-sub unit en -
zyme that or ches trates all steps of tran scrip tion (syn the sis
of RNA from DNA tem plates) in bac te ria and so has to in -
te grate reg u la tory in puts from a wide ar ray of tran scrip tion
fac tors. In our stud ies of transcriptional reg u la tion in
Gram-pos i tive bac te ria, we rou tinely iso late RNAP com -
plexes di rectly from their na tive hosts, such as My co bac te -
rium smegmatis and Ba cil lus subtilis [1, 2]. As ex pected,
these prep a ra tions con tain not only the core RNAP (bear -

ing a His-tag on the b’ sub unit) but also nu mer ous as so ci -
ated tran scrip tion fac tors and nu cleic ac ids. Al though
heterologous overexpression in E. coli can par tially al le vi -
ate this com plex ity, the re sult ing sam ples still typ i cally
con tain mul ti ple RNAP “spe cies”, in clud ing com plexes
formed with E. coli–de rived pro teins. This is largely due to
the high de gree of struc tural and func tional con ser va tion
among bac te rial RNAPs. 

For rig or ous struc ture–func tion anal y ses (in clud ing
struc tural de ter mi na tion, mutational stud ies, and quan ti fi -
ca tion of tran scrip tion fac tor af fin i ties) it is es sen tial to
thor oughly char ac ter ize the com po si tion of RNAP sam ples 
and to es tab lish ro bust pu ri fi ca tion pro to cols. With the cur -
rent de vel op ment of bio phys i cal tech niques, we can em -
ploy new strat e gies for the char ac ter iza tion of such
dif fi cult sam ples (e.g. Mass Pho tom e try [3]) and con se -
quently im prove our un der stand ing of the com plex bi o log i -
cal sys tems. Here, we pres ent our re cent ex pe ri ence with

the pro duc tion and bio phys i cal char ac ter iza tion of
Gram-pos i tive RNAP com plexes, high light ing ap proaches
that im prove sam ple ho mo ge ne ity and an a lyt i cal re li abil -
ity.
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In fec tion by hu man papillomavirus (HPV) is one of the
most com mon vi ral in fec tions and in the ma jor ity of cases
is re solved asymptomatically, thus, pos ing lit tle to no
health threat. How ever, sev eral HPV strains (e.g., HPV 16
and 18) are the lead ing cause of in va sive cer vi cal and
oropharyngeal can cer world wide and there fore, de tailed
un der stand ing of HPV is highly de sir able. Re cently, dif fer -
ences in the me chan i cal prop er ties of HPV in the ab sence
and pres ence of the sul fated polysaccharide (hep a rin) were
ex plained by Atomic Force Mi cros copy (AFM). Build ing
up on these ob ser va tions that il lus trate the struc tural ac ti va -

tion pro cess of HPV with reg u lar AFM, we ex plore var i ous 
prop er ties of pseudoviral HPV par ti cles in close-to-phys i o -
log i cal con di tions us ing bio-high-speed (HS) AFM. Fast
vi su al iza tion of par ti cle height (1-2 s per frame), real-time
dy nam ics of HPV sur face build ing blocks (250-500 ms per
frame), and close to struc tural sur face res o lu tion of sin gle
HPV capsomeres is ex tracted us ing HS-AFM. Com bined,
these re sults are deep en ing our un der stand ing of HPV,
which could po ten tially lead to novel strat e gies for elim i -
nat ing the vi rus or us ing it to our ad van tage as a po ten tial
nanocarrier.
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Neorhodopsin (NeoR) is a newly dis cov ered fun gal
photoreceptor that can re vers ibly switch be tween UV- and
near-in fra red-ab sorb ing states within a sin gle pro tein com -
plex. Us ing ultrafast tran sient ab sorp tion and femto second
stim u lated Raman spec tros copy, we re veal an un ex pected
pro cess: di rect ex ci ta tion-en ergy trans fer be tween neigh -
bor ing ret i nal chromo phores in side a NeoR dimer. Af ter
UV ex ci ta tion of the UV-ab sorb ing form (NeoR367), the
low est ex cited state trans fers en ergy to the near-IR form
(NeoR690) on a ~200 ps timescale, com pet ing with
photochemistry. Struc tural data show that the two chromo -
phores are sep a rated by only ~29 C, en abling ef fi cient
intradimer en ergy trans fer de spite orig i nat ing from an op ti -
cally for bid den ex cited state.

This find ing dem on strates that bi o log i cal photo -
receptors can ex change ex ci ta tion en ergy with each other,

rather than act ing as iso lated light sen sors. Such cou pling
cre ates a pow er ful evo lu tion ary short cut: spec tral sen si tiv -
ity can be ex tended or re shaped with out re de sign ing the
chromo phore it self. In prin ci ple, en ergy trans fer be tween
cou pled photoreceptors could al low UV sen si tiv ity to be
func tion ally “plugged” into a near-IR de tec tor or vice
versa. Our re sults there fore re veal a pre vi ously un rec og -
nized de sign prin ci ple of photoreceptor evo lu tion and sug -
gest new strat e gies for en gi neer ing multiwavelength
optogenetic and im ag ing tools. [1]
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Fig ure 1. Struc ture and spec tral dy nam ics of the Neo-Rho dop sin dimer. The tan dem struc ture not only en hances sen si tiv ity but also
gives rise to qual i ta tively new func tional dynamics.


