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CRYSTALLIZATION OF BIOLOGICAL MACROMOLECULES
IN A REDUCED GRAVITY ENVIRONMENT

. " by
Edward J. Meehan, Jr. ()

- Application of-the_techniques of x~ray diffraction to cnystal strutturesi; L
h of biologico] macromofecu1es'has been overwheIming1y»successfu1, The three- .4h
' dimensibnal'mofecu]or structure of over 70 proteins and' the nucleic acid t-RNAPPE
have been determined (1). TheSe~structura1 studies, together with.other bio--
chemioa] techniques, have-provided}a moiecu]an basis for understanding:the biO-'
‘1ogica1 activities of enzynes, hormones, antibodies, redox, and”transoort‘prof |
.teins. | | | . : |
There are, honever, 1imitétions associated with the use of x-rey dif-~"

’ fraetion studies that can'be overcome usingbneutron radiation. The xfnay ,: |
“scattering factor of'an_atom_is oroportiona1 to the number of e]ectrons itvcbne
'tains, thus scetter fnoh hydnogen is very weak. . As a consequence, the pos1t1ons ‘
of hydrogen atoms in macromo1ecu1es cannot be determ1ned exper1mentally us1ng
' x-ray rad1at1on and can on]y be inferred from the 10cat1ons of non-hydrogen 2
Viatoms Exper1menta11y determ1ned hydrogen pos1t1ons woqu be valuable con—
s1der1ng the 1mportance of hydrogen bonding in ma1nta1n1ng protein and nuc1e1c
acid structures, and the putative roles of hydorgen atoms-1n the catalyt1c :
'neohanisms of a nunben of enzymes. Neutrons on the other hand, in. non-magnetxc
mater1als are scattered by the nucleus and all atoms 1nc1ud1ng light ones have
s1gn1f1cant scattering factors ~ Thus, the pos1t1ons of hydrogen atoms 1n.b1o-

-1091ca1 macromo1ecu]es could be determined using neutron diffraction techniques. -

(a)Chemlstry Department, The Un1vers1ty of A1abama in Huntsv111e, Huntsv111e,
Alabama 35807 . _
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There are othervadvantages offered by neutfon radiation, Since it is
. non-ionizing, there is no radiation damagé and the entire’data set may be
collected from a sing]é crystal. X-ray induced radiation damage often necessi-
tgtés the use 6f several crystals and data from individua] crystals- must be |
: s@a]ed together to obtain a'compiete data_setQ Absorption problems are minf;
mized'using neutron radiation, whi1e‘bsefu1 anomalous diSpersioh effects are
»]afge.A X-ray scattering factors also display a large dependence on scattefing
angTe and fall o?f rapidly at high resolution, neutron scattering factor§ Tack.
thié'strong angular dependence. More high,reso]utioh ref]ectiqns sh6u1d thefé- ,
fofé be observable using heutrons,:theoretically yielding mqré accurateAresuits.
. ‘Despite é]l fhese advantages and the existence of excellent facilities
fbr»collecting neutron'difffaction data, Very:few proteins have been examined
: usﬁng.fhis tecﬁnique, The difficulty and indeed the rate 1imiting step is:the
-g?owth of single crystals-of ;ufficfent size. The neutron f1ﬁx aﬁailab]e at
suitable.wave1engths is apbfoximate]y 103 times 1es$ than that'availab1e'fof' .
*-réys; “A high resolution xffay study of a protein of approximately‘so,ooo |
-mo]e;U]ar weight would require a crystal about 0.3 mm in all dimensions, while
a nedtfﬁn diffraétion study would require a cryéta] in eXcesS of 3 mm in all
‘ dimehsiqns.
o ﬁethpdoIbgieS‘neéd tolbe_developed for growing large érystals‘requiféd '
| for.neutron diffraction sthdiés. The fachrs confrb]]ing nucTeatién and-gfdﬁth'
: of simple systems such as crystals of metais énd‘éaits have‘recejVed muéh .
attention,-yet‘very little work .has been done to.understand theée'faétors fn
~ pro£§in systems. It is also difficult to extend the theoretfca1 work obtained
'A.Ajhfthése simplevsystems to bib]ogical macromolecules. The a§sence of a good"
) théoretica].mode1‘hinderS'efforts.toAbbtain:impfoved crysta]s;_neVerthéTess,f

the importance of this class of molecules warrants their detai]ed study.
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Current strategies for growing 1arge protein crysta]s attempt tq.]imit"
the number of nucleation sites and to very, very slowly approach the point_of,
insnfficient se]vatjbn. This is based on evidence demonstrating the qbrre]a-
tion of crystal-size and guaiity with the rate of growth. Amorphodsrpreeipi-'J:
- tate or many sma]] crysta1s are formed 1f the macromolecu1e is rap1d1y forced*l-
out of so1ut1on wh11e stower rates of growth resu]t in larger, more perfect1y;ﬁnii
' formed crysta]s,A The low gravity env1ronment of space may have spec1a1 advan- ~;‘
tages,When trying to.obtain low growth rates. In the absence of grav1ty dr1ven .} .
conrection andAsedimentatipn, diffusion becomes the pr1nc1p1e means of materjal.
' ‘transport. “Theurate ofAtransport can then'be_tontr011ed by the cqncentrationg_
of:the diffusing substances and by the eiffusion pathlength. " AA_‘ ;

| When attempting to crystallize a protein or nucleic acid, the'erystafio— .
~grapher or biochemistgmust examine its solubility as a function of a:number of
parameters These include the concentration of macromolecule, pH, temperatnre,'f
_ionic strength cho1ce of buffer, cho1ce and concentratlon of "prec1p1tat1ng
;agent." Spec1a1 cofactors metal ions, or reduc1ng agents may also be- requ1red-f
| The task then is to search this mu1t1parameter space ‘for so]ub111ty |
minima. The fact that proteins common]y grow 1n ‘many different crysta1 forms -
demonstrates the poss1b111ty of many local m1n1ma (2, 3) A battery of mlcro |
techniques have been developed which allow the screen1ng of a Targe number of
'cond1t1ons using on1y a small amount of the macromo]ecu]e Exper1ence 1nd1cates |
that if a water so1ub1e g1obu1ar protein with mo1ecu1ar weight less than 100 000
can be 1so1ated in suff1c1ent quant1ty and purity, the chance of obtainxng '
crystals are exce?]ent " Once cond1t1ons that produce crystals have been deter-
mined, the task then is to grow them to sufficient s1ze Again, e1ther m1cro |
~ or macro techn1ques can be used and a wide varijety of methods 1s ava11ab1e.. R
_;These methods 1nc1ude diffus1on techniques that could be read11y adapted for

f1ight experiments. S
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