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ribosome. solély from its biomolecular. component pro--
. change &HB o=tiL 740 kcalfmole- whereas iheé’
- second.reaction can be chserved about 15 min after
_the inftial incitbation at 37°Cand hasa #Hihe o=+

:Iem:s and RNA’s {1] suggesteii that the information .

_qum:reﬂ for the assembly of 2 nbosome s encoﬁt‘:d in- :
the: seqwm& of the protein aas *+* of the RNA’s. O

appears ]Jkely‘thatt anc ne proper conditions the

proteins and 1he RNA’s are folded into thelr corres-
po;nﬁmv Ihxae-damensmnal shctire Airected by their
sequence. The nnigue s:-o'lﬁbﬂmimﬁ of these biomole- .. -

cules then epable them to. umie*go various typesof
' yr@iemfpm‘tcm and protein— RNA interactions to
‘assemble into & unigue fnetional three-dimensional -

sirm:tmﬁ pxemmab}y through suceessive confo:rmunw
,'nsal changes. In ap attempt to nndarstand the biomole-
“oular mechanism of this assembly., WE have underiaken

the structiral, the:rmoﬂymmm and kmeilc stigdies on -
-_I'he unfolding and refold,ng of ribosome. We have
) c:hosen fior '{hls s?"éy ths zna}n: wnfelding z.,m:mon mti" '

'Iﬂbnsome by rericval of 3 magnesiom ion ]2—5] since - -

the unfolded mactive ribonucdeoproiein temp‘exes
have been Iﬁpﬂ'ﬁeﬁ by these mn*e:.t}gamra 10 retain all
o1 most of iheir ribosomal components, and the ob-

‘served thurma ﬂynamm quafmmes »AR ref‘et:t mmnly R

the confmma‘?mna ‘changes. imvoived.

In this communication we repori 1he pr ehmmary o 3

yesulis onthe mermndynarmt measurements of the

"magor LI]fOld]IIg of riboseme by :mcmx;alc:rmueny. A :

_smg}e £1 ﬂo‘thsrm]c fa"st :reacimn 'w.tth an enl"sa_py

, tlaliy at. 37 'C. The first redction which s fast 3 is, Slmi»

lar io ihe one observed at 25°C. and has a0 @‘nﬂm}p Y

38 08 kyal,fmm,. .Aﬁ 75"‘1, W have heen znable 10 _
Dbseme any reaction f;mrespmnd.ng i0-the second Te-

. action within ihe E}x.}aenmemal time which is apppmu- :

mate]v 3 hr. The changs of heat capacity for the fast

" reaction, f:sr:] has been emmﬁmﬂ_m be 274 keal/deg.
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‘ agrafion ot 37" € ina Ty plons breth {1.3% “Lrypm:ne
-0.75% NaC1) at pH 7.9. The cell suspension was povired
over grushed ice and Iimmediately centrif ngedina ohﬂ.r
pless continuons flow f-entnﬁxgen The cell paste wzs
: fyozen and smreﬂ at'-—70°C. Ribosome is "Drepareﬂ
" according o the procedures «Df Momura and coworkers.

- [7] with slight modificarions: The frozen cell pasle '
%yas ‘l’laweﬂ 5 TMA T buffer {TTIS—C] BIM: T
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aliowed fdr i second endothcrmm

ahbratwn of the calonmetet was

vmlet ab..orptmn at 260 nm using a Cary l 4 spectro-

“ 'through a period of

K bosome concentratlon was determmed by ultra-

i ,cocfﬁcient ofAzéO%"',}“ = 15 5 were
‘uscd. All pH measurements were done with a Radio-
meter Model 26 pH-Meter with combined glass

'further reacnun mvolving heat ; Completeness of this
fast reacuon was also confirmed by measurcments at

‘3 hr. Howcver, at37°Ca .
second endothen mic. reactxon 'begins to appear about
15 min after the ﬂuw was stopped and the thennopz]e
output returned to zero baseline. This second reaction
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3.2. The faSI .;ream‘zon of unzo}dmg iy
.-The results of calorimetric maasuremems :fm'

R ihe aponianeons unifi D]ﬁlrg reaction at:25" °Care pre.sem— 7

-2din table 3. Each of thc xaxpenm.ms pzesenic‘,ﬁ isan.-
zwsaxage of- a:phcate Tuns with an average: deviation’ of -

* 0.6%. Flow rate was vaned to ascextmn the com- - °

pieien:esa of the freasntm. The other vam“b*e is nbo-

. 'sOme Ok ceniration. Two dihation: expe:mem‘s were -

- panermad “The hezt of dilelion of ribosome is ﬁppID».
ximeely 20 Li:alfmole “and ;

expenmental enthalpy change, 2H, oy, i3 The para- -
meter caleulated directly : fmm tha ‘nalmlmehlc data

‘and mrrespmds to the’ Iaat;imn Rl'bosome—Mg {E:x-- 2

~panded) ¥ LH™ + B = Ribosome (Unfolded) +
1Mg™? + HB", where 1H-3.is EDTA at pH 7.2 and B

--§5 the Tris—C1 buffer. Tor robtam the eathalpy ‘thanges 7'

" dus 1o unfoldng of the sThosome; ﬂHunf@ iding e’
‘heat myolved in chelation of Mg * &1, and the heazt
“of proton ionization {Df EDTA, £H,, and the heat of -

" protonation of the Tris—C1 buffer must be .atcﬂumed';_. -

. for. These heat contributions have bae:n Iepe:r‘ieﬁ and’
. arg listed 1tag81her Wl*h 111"—*11 wmnespondmg IBatLHDIIS
as follows: ’ :

FEBS LETTE’:ZS

ot of EDTA s meglig- - -
v’ble Bothof these heat efﬁa‘cﬂs were nwgmﬁc;mi com-
* pared to the heat effect of the unfolding reaction. The _
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Thns. the .&&M{,miﬁ ﬁtm- mc}e r&m

&Hz + "‘\H’s) The factor- 19@0 s introduced 1o ua'".zmnt 5,'_
... ¥or the fact: {hm appmmmte
" -are bousd 10 each ‘exivanded ribosome partizle” {1 3]
+ . From the vatvesof ¢ B, ro1q5n, fven in table 1,an -
‘average: value of + 8,448 kcalfimiote was obtained at
5257 € and 411,740 kca!;’ﬂui“ at 3? C: me these
" 1w values of —-H“.. - S1ding ‘the heat capacity change
at.constant ;nressme of the fast reaction of ribosome -
. unfoldmg, &CP,
mole™

11"30 atops of Mg

estimated 10 ‘be ”743(1:31 deg.”? 7

3.3. The ,slaw secnnd reaction of unﬂ;fa‘mg :
. Tabls sumanzcs the results on the ar'aha!py

7 :V'change of 1] the slow secor d Teaction inyplved in nb:;-' :

some nm{ﬂdmg The amount oF endothermis hEat in-

~wolved in imb slow resttion was MmEnsk rez‘l #nd ra"oonﬁd'- '
. aSDH, 1y erveq Without any “orrection. In .Expmnnmi
-1 Df Table 2, no hesi EffStt was observad a1 23°C

duzing the fime penmé of 1he calorimetric measurp- L
sment which is about 3 hr. The amount of ¢ndothermic- -
heat involved in 1His slow tempe *amre-s;tlmnaiad TenE-

tion after rapid mixing of ribosoms and EDTA was :

_ calenlated as shawn undes Expenmeni 2z, 21) 31113; 2:: B
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—iab}e 21 In ihese Expenmen“ts ﬂqp ﬂow raies TEre -
“increased ﬁrasncally in‘order to deéliver the mixture: -

“into the calorimeter as qukly as possible 50 that the B
" folding to mrrespﬁnd to 2 large exothermic. esﬂhalpy
- ‘change of refolding, This large exothermic @nthalpy
* ghange of refolding is probably-the imporiant facior
It:on‘tnbumg to the driving force for the assembly . of
woo - the bmmolecn]ar components into a fumnma]]y ac-
. tive nbosome which is highly orgenized and compagt. -

" flow could be smpped after about one minuvie. ’Tht
viscous hieat prodiced during the rapid flow was 7
'rﬂlsmpated in-less than 10 min, and the slow Ieastmn —

scould be observed aftera yetun to Ihe baseline. Essen—,'-r :
Aally: Lhe saTRE Tesuls were obtamed in all three cases. © -

An average valug of 38 408 kealfimole is obtained for
this slow second reactipn. In | Eanment 3, ﬂle 1ibo-
| SOmes 'werg p::emxxed and incubated with LEDTA at’

-25%C for 1.5 br before ihiey dare injecied.into the'calo:
rimeter at 37°C and measared. “This was to insure eom-‘f-;
o Dnly be observed Ieadﬂy at37°Cand has a large en- -
thatpy change may “be mgmficani in Iegard 10 the eritl- -
S eal temperamre Londitions necessary fo1 1he reconsti-. -
-second réaction does nor ocgurat ’75 Cina length Df 7 mation of active Tibosomes 114). and may also explain”
“why earlier a*t*ermpts to refold the ribosome by adding -

“pletion of the fast reaction. Under such mndltmns Ihe_
-second reaction was still observed with -ﬂde =
40,000 Kealfmale. It fumher uconﬁrms that the ‘s]ow

time sufficient 10.be observed at 37° C. ]f it doea n e
: wﬂ] ap:pear ata ]a'ter nme S -

s d{me T de:r recnnsmuimn con&m;m The IEVEIS]I‘)]— |
lity of the unfolding process thus allows us 0o mle:— :

pret the large endothermis enthalpy change of wn-

This lary 8E. Bxutmermlc emhalpy chaﬂge is pmbably IE-

. agmred 0. cnmpensate for the exire mely unfav*wmble
.Ent:mpy change of aseembly: . .

The slow second reaction: Df unfolﬁmg whm.‘h can

"agnesmm ion at ‘?5" C hava f aﬂed, whereas rew:snbz_ -

'f-;accompamea ‘ihe rfast :eactmn DI 7
ec ":cnnformahonal changes whlch .
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an agrecus environment [17}

- dirert ihennodynmmv smdv

“zibosome and ‘provide anmher approach to investi g.
“the natlire of the assembly process. The stroctuzal -

', studies of these reactions on ribosomns wnfolding have -
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