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Th e buil di ng uni t s of biologi cal syste ms, the biomolecul es, cannot eas-
ily be organi zed or even classiÙed into deÙned categories . T hey can b e as

sim ple as w ater or comple x as tintin, a muscle protein extremely large w ith
several thousand atoms. To understand their function, one must know their
characteristics, w here they occur and what they do. One approach to reach

such an ambitious task is to determine their structure, as single molecules
or assembled into aggregates. Small angle X -ray scattering is the most im-
p ortant metho d for this purp ose. We present studies carried out on several
systems, and aiming at di ˜erent questions about them. W e start w ith lipi ds,

the main comp onents of the cell membranes. These membranes form the cell
b oundari es, the moiety required for the so-called membrane proteins, but
also in Ûuence signiÙcan tly several aspects of biologi cal activity . More com-

plex systems like a muscle Ùbre is also presented, show ing that changes in
the structure are related to the mo vement mechanism. I t becomes easy to
conclude that know ing the structures and the changes occurring in them is

an imp ortant way to understand the function of biomolec ul es and theref ore
their role in the lif e cycle.

PACS numb ers: 61.10.{i, 87.80. {y , 64.75.+ g

1. I n t rod uct io n

Since t he di scovery of X-rays, m ore tha n a century ago, science has been m ak-
ing use of i t in an ever-growi ng range of appl icati ons, from determ inati on of shoe
size to medical diagnosis. Li ke any radiati on, i t is scattered by parti cles, reÛecting
thei r characteri sti cs. Pro per analysis of thi s scattered radi ati on can give inform a-
ti on about size, shape, and m assof these parti cles. For research purp oses, tub e or
rota ti ng anode generato rs are the comm on laborato ry sources whi le synchro tro n
radi ati on is found onl y in very large laborato ries dedicated to i ts generati on due
to the size of the equi pm ent.

(647)
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By far the most im porta nt aspect of synchro tro n radiati on in studyi ng bio-
m olecules l ies on its hi gh intensi ty (m ore preci sely, bri l l iance). Thi s al lows data
col lecti on in a short ti m e, before the sampl e' s decay. Sim il ar exp erim ents at lab-
orato ry sources very of ten requi re the exposure ti m e of the sampl e to the X- ray
radi ati on to be several ti m es longer, whi ch can dam age the specimen. The most
comm on source of radiati on dam age in biomolecules ari ses from the form ati on of
free radi cals after the rupture of doubl e bonds (they are abunda nt in bi omolecules).

Ano ther interesti ng aspect of the use of the hi gh intensi ty from synchro tro n
radi ati on, and in thi s case experim ents at norm al laborato ry sources would not give
signiÙcant resul ts, is the possibi l i ty of perform ing ti me resolved experim ents, join-
ing structura l aspects wi th dyna m ics and ki neti cs of di ˜erent processes. R app [1]
has previ ously given a conci se revi ew on thi s to pic, showi ng the wi de range of
exp eriments and weal th of inf orm ati on tha t can be obta ined wi th such m easure-
m ents.

2. M et hod s

Bi om olecules can be studi ed in many di ˜erent ways and using several di ˜er-
ent techni ques. Concerni ng structura l aspects we could m enti on Fouri er tra nsform
inf rared (FTIR ), NMR , EPR , Ûuorescence, electron m icroscopy, etc. apart f rom
X- rays scatteri ng. Each of them has i ts adv anta ges, depending on the ki nd of
inf orm ati on being searched. Nowadays, m odern scienti sts have a wi de range of
m etho ds to pursue thei r interests, but should also have a bro ad kno wl edge of
these techni ques in order to choose the m ost appro pri ate m etho d for each speciÙc
questi on.

Here we give a bri ef descripti on of the X-rays scat ter ing. The system s to
be studi ed, despite being bi olog ical or not, can be divi ded into two m ain groups:
system s wi th long range order and am orpho us system s (or non-ordered system s).

Systems wi th long range order . In thi s category we can incl ude crysta ls (pro -
tei ns, pepti des, sugars, etc.), Ùbres (such as muscle or col lagen) and self-assembled
m acrodom ains of am phi phi les in general . The scatteri ng can be described, at least
in a sim ple m anner, by the Bra gg law

2 d h k l sin ˚ = Ñ ;

where d hk l i s the scatteri ng pl ane characteri zed by the M �ul ler indexes h k l ; 2 ˚ | the
scatteri ng angle and Ñ i s the X- rays wa velength of the m onochrom atic radi ati on.
At the beam l ine A2 of HASYLAB, Ñ = 0 : 1 5 nm .

A mor phous systems, i . e. non- organi zed independent par ticl es. The angular
di stri buti on of the scattered intensi ty is given by [2]:

I ( h ) = 4 ¤

Z
1

0

p ( r )
sin( hr )

hr
d r ( r ) ;

where p ( r ) i s the distri buti on functi on and h = (4 ¤ =Ñ) sin ˚ .
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3. Sys t em s

W e present resul ts obta ined from a large scope of biom olecul es: l ipid A,
m ixtures of phosphol ipids and non- ionic surfacta nts, m uscles(a very com plex Ùbre
structure form ed by di ˜erent m olecules, each one wi th a speciÙc functi on) and
m acrom olecules (the m ost comm on biom acrom olecules are protei ns).

3.1. Li pid A

Li popolysacchari des (LPS) are the major amphi phi li c com ponents of the
outer leaÛet of the outer m embra ne of Gram-negati ve bacteri a. The hydro pho-
bi c porti on of LPS, cal led l ipid A, consti tutes the chemical m inimal structure
responsibl e for bi ological acti vi ty in most test system s and is theref ore cal led the
\ endoto xi c pri nci pl e" of LPS.

Bra ndenburg et al . [3] inv estigated the three- dim ensional supra molecular
structures and the states of order of the acyl chains of l ipid A from di˜erent
Gram -negati ve species. They perform ed smal l angle X- ray scatteri ng (SAXS) and
FTIR spectro scopi c m easurements at hi gh water content (80{ 90%) and di ˜er-
ent [l ipid A] / [Mg 2 + ] molar ra ti os. Using di ˜erent sources for the l ipi d, they ob-
served tha t paral lel to di ˜erences in the chemical pri m ary structure, the poly-
m orphi sm and states of order at 3 7 £ C of the non-entero bacteri al Ê lipi d A were
di ˜erent from tho se of entero bacteri al lipi d A. A clear correlati on between the
supra m olecular structure and previ ousl y determ ined bi ological acti vi ti es coul d be
establ ished. Li pid A wi th a strong pref erence for lamel lar structure s were endo-
to xi cal ly inacti ve and lack cyto ki ne-induci ng capacity ; the com pounds assuming
a m ixed lam ellar/ non- lamellar structure monophosphoryl (l ipid A from S. mi ne-
sota) are of lower toxi city in vi vo, but m ay induce cyto ki nes in vit ro ; tho se l ipid A
wi th a strong tendency to form non- lam ellar inverted structures (l ipi d A f rom
S. mi nesota and Rc. gelatinosus) exhi bi t ful l endoto xi cit y in vit ro and i n vivo.
In contra st, anti com plem entary acti vi ty is m ost pro nounced for com pounds wi th
lam ellar and least expressed for tho se wi th inverted structures. The states of order
at 37£ C vary non-system ati cal ly, exhi bi ti ng the highest values for l ipid A from S.
mi nesota and the lowest for tha t of Rc. gelati nosus. Based on such resul ts they
pro posed to change the term endoto xi c conf orm ati on, whi ch is used to describe
the conform ati on of a sing le l ipid A m olecul e requi red for opti m al tri ggering of
bi ological e˜ects, to \ endoto xi c supra m olecular conf orm ati on" whi ch denotes the
parti cul ar organizati on of l ipid A aggregated in physi ological Ûuids causi ng bio-
logical acti vi ty . Li pid A obta ined from di˜erent organisms showed characteri stic
X- rays scatteri ng patterns at 4 0 £ C, indi cati ng the form ati on of di ˜erent structures.
Bi phosphoryl l ipid A from S. mi nesota showed a cubi c (no n-lam ellar) structure
wi th latti ce parameter a = 1 2 : 5 nm , however the m onophosphoryl showed a much
less clear di ˜ra cti on pattern for the same phase. Li pi d A from Rc. gelati nosus

Ê En t er ob act eri a is a class of b act er i a, m any of t h em ca usin g hu ma n d iseases, e.g . Sal m on ell a.
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showed a di ˜ra cti on pattern characteri sti c of an inv erted hexagonal phase wi th
latti ce a = 4 : 2 4 nm . Interesti ngly, they observed the form ati on of two lamel lar
phases, a = 6 : 5 7 and a = 4 : 4 6 nm , when studyi ng l ipid A from Rp. vi r idis.

Co mpi ling these results to gether wi th tha t from FTIR spectroscopy and
other techni ques they were able to establ ish a correl ati on between self-assembled
supra m olecular structures wi th biological acti vi ty of di ˜erent lipi d A preparati ons,
summ arized in Fi g. 1.

Fig. 1. Schematic diagram of the correlation betw een supramolecul ar structure and

biolog ical activity of di˜erent lipi d A preparations. Toxicity includes lethali ty and pyro-

genicity in mice and rabbits, resp ectively , and cytokine induction relates to tumor necro-

sis factor pro duction in mouse macrophages. A nticomplement activity w as determined

by incubation of free lipid A w ith guinea pig serum as complement source and subse-

quent inhibi tio n of sheep erythro cyte lysis. L | lamellar, Q | cubic, HI I | inverted

hexagonal phases. The very high anticomplement activity only ref ers to R p : v i r i di s ,

w hile medium to high activity includ es also synthetic lipi d A from E. coli (f rom Ref . [3] ,

reprinted w ith permissio n from Blackw ell Publishi ng ).

An extensi on of these studi es led to inv estigati ons of the behavi our of the
acyl chains and thei r inÛuence on biological acti vi ty of endoto xi ns, m oni tored by
the wi de-angle (W AXS) region of the scatteri ng pattern [4], Fi g. 2. The lipi ds
inv estigated di ˜ered in the length of the sugar porti on and vari ous satura ted and
unsatura ted phosphol ipids wi th di ˜erent head groups under near a physi ological
wa ter content (> 8 5%). It was observed tha t the packi ng density of the satura ted
endoto xi n acyl chains is lower tha n tho se of satura ted phosphol ipids but sim i lar to
tho se of m onounsatura ted phosphol ipids, each in the gel phase. The hydro phobi c
m oiety of endoto xi ns thus exhi bi ts signiÙcant conf orm ati on di sorder al ready in
the gel phase. The acyl chain packi ng of the endoto xi ns decreases wi th increasing
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Fig. 2. Wide- ang le X -ray scattering patterns of lipi d A at 85% bu˜er content at di˜er-

ent temp eratures. T he formation of a gel L phase is clearly seen as w ell as the change

in the lattice parameter as the temp erature changes [4].

length of the sugar chain, whi ch seems to be relevant to the observed di ˜erences
in bio logical acti vi ty .

3.2. Li pid-sur factant mi xtures

Mem bra ne solubi l izati on in surfacta nts is a key techni que in biochemistry .
Ho wever, the pro perti es of mixed deterg ent/ l ipi d m icelles only came into focus wi th
the discovery of deterg ent insolubl e regions (ca lled rafts) in cell m embranes [5].

Mi xtures of the non- ioni c deterg ent y C1 2 EO 8 wi th di satura ted phosphol ipids
such as D MPC or DPPC in water produced an unusua l m icelle. These mixtures un-
dergo a structura l tra nsiti on upon cool ing thro ugh the chain m elti ng tem peratures
of the respecti ve phosphol ipids, resul ti ng in the form ati on of mixed m icelles[6]. The
tra nslucent m icellar soluti ons showed characteri stic wi de angle X- ray scatteri ng
tha t were attri buted to ordered hydro carb on chains, whereas the absence of small
angleX- ray reÛections indi cated tha t there is no long range order in these m ixtures,
see Fi g. 3. The presence of ordered pho sphol ipi d acyl chains was conÙrm ed by di f-
ferenti al scanni ng calorim etry (D SC) and isotherm al ti tra ti on calori m etry (ITC).
The endotherm ic D SC signals observed in the upscan m ode were tenta ti vel y as-
cri bed to chain m elti ng and m ixi ng of the components. Isotherm al ti tra ti on of the
m ixed-m icellar soluti ons into an excess of the deterg ent C1 2 EO 8 resul ted in sud-
den upta ke of the latent heat by the gel sta te pho sphol ipi ds. The heat upta ke per
m ol of phosphol ipid decreased wi th increasing deterg ent/ phospholipi d m olar rati o.
A simpl e geom etri c model is presented in Fi g. 4, assuming tha t the dom inati ng
parti cl e species in the m ixtures is a discoida l phosphol ipi d aggregate wi th ordered
acyl chains, surro unded by a to ro ida l deterg ent hoop. The model described im pli es
tha t the fracti on of ordered phospholipi d chains decreases wi th increasing deter-
gent/ phosphol ipid m olar rati o, in agreement wi th the calori metri c results and wi th
hi gh resoluti on NMR spectro scopy.

y C 1 2 EO 8 | oct aet hy len eglyc o l-m on o-n -d ode cyl et he r, D MPC | 1, 2-d imy ri st oyl -sn -g lyc ero-

-3 -p h ospho choli ne an d DPPC | 1, 2-d ip al mi t oy l-sn -gly cero-3-p ho spho ch oli n e.
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Fig. 3. Synchrotron X -ray patterns of (A ) C 12 E8 / DMPC and (B) C 12 E8 /DPPC mix-

tures at molar ratio 1:2 obtained b elow and above the resp ective phase transition tem-

p eratures of the pure phosphol ipid s [5]. C opyright (2001) N ational A cademy of Sciences,

U .S.A .

Fig. 4. Mo del of the gel-state micelle. t | thickness of the phosphol ipid bilayer, r |

radius of the bilayer patch, £r | w idth of the perturb ed lipid bilayer, £ | radius of the

C 12 EO 8 semitorus [5]. C opyright (2001) N ational A cademy of Sciences, U .S.A .

Studi es on the POPC/ C12EO 2 H O system at C showed the possibi l i ty
of m odi fying the curv ature of l ipid bi layers [7, 8]. T o determ ine the evoluti on of
the geometri cal parameters wi th com positi on, X- ray di ˜ra cti on patterns were col-
lected as a functi on of the relati ve hum idit y, RH. The form atio n of an unexp ected
hexagonal phase indi cated a peculiar behavi our in these m ixtures, considering tha t
nei ther the l ipi d nor the surfacta nt form such phase in aqueous di spersions.

Sampl es parti a lly hydra ted, R H 0.4 showed tha t at low l ipid contents,
0 5 a lamellar gel pha sewas form ed, changing to hexagonal as the surfactant

ra ti o increases. The cyl inder radius of the H phase is considerably smaller tha n
tha t previ ously observed in cubi c phasesof the sam esystem . Mo reover, comparing
the vari ati on of the repeat di stance, , of the gel phase wi th R H (or the content
of wa ter) we have been able to show tha t the upta ke of water by the gel phase
is hi gher nm / RH- uni t as a sing le phase tha n in the H two
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phase region @d =@R H = 5 7 : 1 nm / RH- uni t. The wa ter content is importa nt for
the stabi l izati on of H I I phase and determ inati on of i ts characteri sti c di mensions.
Ho wever, it was argued tha t the intera cti on between the surfacta nt and the l ipi d
is the key f actor for H I I phase form ati on and tha t the EO 2 head groups di splace
wa ter from the inner parts of the polar region of the m esogenic uni ts.

The sam e system, at high water contents, has also shown the form ati on of
cubi c pha sesrelated by an epi ta xi al relati onshi p and ful Ùll ing the condi ti ons of a
Bonnet tra nsform ati on [9].

3. 3. Muscl e

A host of essential intra cellular pro cessesdepend on tra nsducti on of chemical
free energy into m echanica l work by isoform s of the m olecular motor, myosin. The
S1 (subf ragment 1, the myosin head) m oiety of m yosin consists of a moto r dom ain
(b eari ng acti n and ATP bi ndi ng sites) and a tai l dom ain (b eari ng the essential and
regulato ry l ight chains). At least 17 classesof myosin exi st, havi ng sim i lar moto r
dom ain structures, but di verging extensi vel y in other domains to reÛect thei r di f-
fering functi ons. Thei r simi lari t y in moto r dom ains suggests tha t the mechanism
of m yosin moto rs, and pro babl y also of the ki nesin moto r fami ly , is f undam entall y
sim i lar. For moti l it y studi es, m yosin I I, the m yosin cl ass responsibl e for contra c-
ti l i ty in muscle, possessesthe uni que advantage tha t, in stri ated muscle cells, i t
is aggregated into hi ghly ordered Ùlaments, whi ch are them selves ori entated and
positi oned in a quasi-crysta l l ine m anner. Thi s al lows both structura l and mechan-
ical data to be col lected sim ul ta neously from a popul ati on of worki ng S1 m oieti es,
whi ch is presentl y im possibl e f or other m yosin classes or from crysta l lographic
prepa rati ons of m yosin I I.

Since 1969, the proposed m echani sm of S1 work producti on has been rota-
ti onal displ acement of som e porti on of S1 about a point in the actom yosin com plex
(the power stro ke), pro duci ng an unl oaded Ùlam ent tra nslati on of ca: 1 0 nm or
an isometri c force of 1{ 5 pN. Attem pts to detect thi s rota ti on in muscle by Ûu-
orescence polari sati on or electro n spin probes were ini ti al ly unsuccessful because
pro bes were located on the m oto r domain of S1, whi ch is now tho ught not to
rota te. However, crysta l lographic studi es of S1 showed three S1 structura l sta tes,
depending on the nucl eoti de occupancy of the S1 acti ve site, whi ch are consistent
wi th a ta i l ro ta ti on power stroke. The relati on between ta i l ori entati on and S1
force is cruci al to a quanti ta ti ve descripti on of the S1 motor, but i t is not possible
to associ ate a level of S1 force developm ent wi th in vit ro crysta l structures, and i t
is of great importa nce to demonstra te sim i lar S1 structura l changes in situ, f rom
wo rki ng myosin m olecul es. Ti me-resolved X- ray di ˜ra cti on studi es on myosin I I
in inta ct muscle Ùbres pro vi de a non- invasive m etho d of detecti ng S1 structura l
sta tes in situ and relati ng them to the level of S1 force developm ent.

The X-ray pattern from stri ated muscle is divi sibl e into e qu a t or ial and
mer id io nal r ef l ection s . Equa tori al reÛections are intense reÛections arising f rom
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radi al m ass distri buti on wi thi n the myoÙlam ent latti ce, used to detect the radial
tra nsfer of S1 m assduri ng cross-bri dge f orm ati on and changes in Ùlam ent separa-
ti on [10]. Meri dional reÛections are an order of m agni tude lessintense, ari sing f rom
the axi al mass pro j ection of the sarco mere, some of whi ch show intensi ty changes
accom panying a synchro nised power stro ke. On X- ray pattern also o˜- mer idi onal
layer l ines appear, whi ch detect changes in the inherent hel ical structure of both
the thi ck and thi n Ùlaments, incl udi ng the structura l changesin the regul ato ry pro-
tei ns whi ch accom pany calcium acti vati on. The m eridi onal reÛection at 14.5 nm in
contra cti ng m uscle (M3 ) corresp onds to the thi rd harm oni c of the axi al uni t cell of
the m yosin Ùlam ent. Its intensi ty ( I M 3 ) depends on the sam pl ing of the tra nsform
of S1 structure by thi s reÛection, so I M 3 i s an importa nt moni to r of S1 structure.

I M 3 fal ls in response to both stretches and releases, but for a release there
is a smal l delay before the intensi ty fal l, whi ch is absent for stretches. Thi s has
been interpreted as resul ti ng from two com ponents whi ch form the I M 3 response
to length changes; an elastic S1 distorti on, and an acti ve, power stroke distorti on,
both of whi ch cause a bendi ng of the ta i l dom ain. The instanta neous fal l in inten-
sity for a stretch occurs because the elastic displacement accom panying the length
fal l is m erged wi th the power stro ke intensi ty fal l , whi ch fol lows after the length
change is compl ete. But for a release, the ta i l dom ain bending passes thro ugh a
m axi mum value of I M 3 before fal l ing, whi ch causes a delay in the I M 3 f all for re-
leases[11]. The proposal tha t elasti c and acti ve ta i l displacements sum to pro duce
the I M 3 signal f or a length change is supp orted by data from sinusoida l oscil lati ons
of muscle length at di ˜erent tem peratures. Bagni et al . [12] showed tha t for small

Fig. 5. I M 3 signals for sinusoidal length oscill ati ons at 3 kH z (A ) and 200 H z (B) [12] .

N ote the distortion of I M3 during the release phase of the sinusoid at 200 H z, forming

a double peak, w hich is absent at 3 kH z (reprinted with p ermission from Biophysical

Society).
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am pl i tude sinusoida l length oscil lati ons (2.5 nm per hal f sarcom ere) at frequenci es
1 kHz, I M 3 changes were roughly sinusoida l, but at f requenci es < 1 kHz, I M 3 was
increasing ly di storted, Fi g. 5. The power stroke ki neti cs act in the m i l lisecond ti m e
dom ain, hence at low frequenci es, where power stro ke ki neti cs are fast enough to
pro duce signi Ùcant acti ve displ acement of the ta i l, to ta l ta il m ovement woul d be
greater tha n at hi gh frequenci es, where ta i l di splacement wo uld be alm ost enti rel y
elastic. The isometri c ta i l positi on l ies close to its positi on at m axi mum I M 3 ; dur-
ing the release phase of the sinusoids (i .e. Ùbre length less tha n rest length), the
ta i l moves to wards i ts positi on at maxi mum I M 3 [13]. The combined di splacement
at low frequenci es wa s great enough to carry the ta i l domain thro ugh i ts I M 3m ax

positi on duri ng the release phase, causing an intensi ty doubl e peak at maxi mum
shorteni ng, whi le at high frequenci es, elastic ta i l displ acement was insu£ cient to
reach maxi mum I M 3.

3.4. Macromol ecules

The X- rays scatteri ng pattern from di lute soluti ons of m acromolecules or
parti cl es shows no peaks (Bra gg interf erence), because supp osedly there are no in-
tera cti ons between independent parti cles.Theref ore, the to tal scatteri ng is the sum
of contri buti ons from single parti cles onl y. Synchro tro n radiati on X- ray scatteri ng
is an establ ished m etho d to m oni to r low resoluti on structure of (bi o)-m acrom ole-
cul es [14]. Mo dern m etho ds of analysis are capabl e of ab ini tio retri eving the
parti cl e characteri stics [15, 16]. A ni ce exam ple is found in the determ inati on of
the shape and size of 5S rR NA [17], an importa nt part o f the ri bosom e.

R ibosom al 5SrR NA is appro xi matel y 120 nucl eoti des long and is an essential
component of the ri bosom e. Ribosomal parti cles lacking 5S rR NA have a strongly
reduced acti vi ty in protei n synthesi s [18], in parti cul ar, the pepti dyl tra nsferase
acti vi ty is greatl y reduced. Because of its functi onal im porta nce and of the f act
tha t the 5S rR NA intera cts speciÙcal ly wi th several ribosom al , i t is of great interest
to kno w the three- dim ensional structure or a rel iable shape of thi s RNA m olecule.
R ecently, these new appro aches [15, 16] have been appl ied to ab ini tio restori ng a
m odel of the f ree 5S rR NA in soluti on, deri ved from SAXS data .

The com posite X- rays soluti on scatteri ng curve from the 5S rR NA extra po-
lated to zero concentra ti on is presented in Fi g. 6, curve 1. The m axi mum dim ension
and the radius of gyra ti on of the parti cle are 1 2 : 0 Ï 0 : 5 nm and 3 : 4 4 Ï 0 : 0 5 nm ,
respect ively. The calcul ated distance distri buti on functi on p ( r ) i s typi cal of an elon-
gated parti cl e. The \ shape scatteri ng" curve, after a constant subtra cti on (Fi g. 6,
curve 2) yi elds the Porod volum e of 3 7 Ï 2 nm 3 . Thi s volum e corresponds well
to the dry volum e of the 5S RNA (38.8 nm 3 ) com puted from i ts molecular mass
assuming the parti al speciÙc volum e of 0.53 cm 3 / g.

The ab ini ti o shape of the free 5S rR NA in soluti on in Fi g. 7 is m uch m ore
ani sometri c tha n the f ragm ent of the rR NA in the 50S ri bosom al subuni t E : C ol i

compl exed wi th three protei n globul es and identi Ùed as the 5S rR NA in the map
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Fig. 6. X -ray scattering of 5S rRN A [17] in solutio n and calculated from di˜erent

mo dels. 1 | comp osite exp erimental curve, 2 | shape scattering curve af ter subtraction

of a constant, 3 | scattering from ab i ni t i o dummy atom model, 4 | scattering from

the mo del of W estof et al. [20] .

Fig. 7. Superp osi ti on of 10 low resolutio n models of the 5S rRN A , from SA X S data [17] .

Reprinted with the permission from A merican Society for Bio chemistry and Molecul ar

Biology .
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of Svergun and Ni erhaus [19]. Thi s pro vi des di rect evidence tha t the 5S rR NA be-
comes essential ly m ore compact duri ng the com plex form atio n wi th the ri bosomal
pro tei ns.

The obta ined m odel shape shoul d help to construct a hi gh resoluti on three-
-dim ensional model of the com plete nati ve 5S rR NA and m ay be later on also
appl ied for crysta l lographi c molecular repl acement studi es, as well as in the anal -
ysis of the com plex form atio n wi th bindi ng pro tei ns in soluti on.

4. Co n clusion s

The di ˜erent studi es presented have shown tha t SAXS not onl y is importa nt
to determ ine the structura l aspects, but also gives inf orm ati on tha t can be l inked
to the dyna m ic and functi onal properti es of a system. Thi s wa s evidenced on
m uscle studi es and using l ipid A, where a relati onship between structure (tha t
is dependent on the preparati on) and biological acti vi ty has been establ ished.
D i ˜erent mesogenic uni ts can be obta ined by mixtures of l ipids and deterg ents,
al lowing one to contro l the shape and curv ature of the l ipid bi layer to be form ed
in a model system . Mo reover, i t coul d be shown tha t hydra ti on of di ˜erent pha ses
form ing a two -phase system is not equal , but ra ther occurs pref erenti al ly in one of
the phasespresent.

Fi nal ly, the possibi li ty to obta in the structure , even tho ugh at low resolu-
ti on, of a pro tei n is a signiÙcant contri buti on to our understa ndi ng of thi s class
of bi omolecul es. The structure obta ined showed tha t the 5S duri ng the com plex
form ati on wi th the ribosom al protei ns rR NA becom es more com pact. Cha nges in a
pro tei n due to intera cti ons between protei n- receptor should soon become \ vi sibl e"
wi th the aid of modern m etho ds to retri eve structura l characteri stic parameter of
a scatteri ng parti cle.
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