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Preliminary Notes 
I 

P.~ z254 
Thermal  tr~.si~ions in collagen 

It is well-known that when collagen is heated it undergoes a ~,r,kin~ dimensional 
change quite abruptly when a characteristic shrinkage temperature, Ts, is reached. 
The shrinkage results directly from melting of the crystalline phase, but FLORY and 
his co-wo-kers t have shown that the normal measurement of Ts may involve super- 
heating by as much as xo ° above the true mel~.ing point. By partially pre-melting 
their samples, FLORY ASD GARRETT t obtained values of the equilibrium melting 
temperature, Tin. which varied with composition in agreement with polynter-melting 
theory. 

It is not so widely appreciated that other structural changes take place in cc llagen 
at temperatures well below Ts or Tm. Thus FLORY ASD GARRETT | have reported the 
existence of an apparent glass-transition temperature, T,, between 4 o° and 45 ° in 
a l-reef Achilles tendon-water system with approx. 4 ° % of collagen by  weight. This 
transition, which was completely reversible, was determined dilatometrically and the 
sample was not subjected to any mechanical stress. Characteristic temperatures have 
also b,- "n found at which abrupt changes occur in the mechanical behaviour of collagen 
which is under stress. For example. RIGBY a d.  ~ found that the rate of stress- 

ot in saline solution at different tempera- relaxation of collagen fibres stretched by x /o 
t u r e s  in ,eased  rapidly at approx. 40°; furthermore, a fibre could then no longer 
recover its original length when the stress was removed. The possibility thus arises 
that irreversible dcfo,~madon in collagen (i.e. physiological damage) can result from 
the application of strew when the temperature is above the glass-transition point. 

We now report some preliminary observations of transitions in collagen-saline 
systems particuim'lv in the vicinity of 4 o°. Thermal expansion over the range 2o-65 ° 
was measured for kangaroo-tail and beef tendons in o. 9 % (w/w) aq. NaCI. By means 
of a buoyant-weighing technique, previously used for measuring glass-transitions in 
rubbers, specific volume-temperature curves were obtained giving clear-cut evidence 
of both glass-like and m~lting transitions. Following the procedure of FLORY AND 
GAm~l"r, the measurements were repeated after the specimens had been partially 
melted. Parallel with these experiments, force-tempera¢ure relations were obtained 
fo, ,~b~'c~ ~ d  at nominally constant length in an extensometer equipped with a force- 
tro, r~lutz~ of v t ~  high ttifhie~. This is the preferred method for the determination 
of 7"., but it can also he used to detect other structural ~ra~.sitions as will be seen 
hek, w. 

~ ~ x p a n s i o n  curve~ for kangal.,, tail tendon in saline are given in Fi#. x. 
Cmrve I, for the native tendon, shows a ~ ] ,  glass-like transition at appro~c 4 o~ 
and a first-order transition at 53°; the value of T. obtained from the extensometer 

Abtwev-'-_Aimm: T,. ahrinkN~ temperature; T,,. equiiflxium .nelt~n 4 temperature; T~ 8JmJ- 
temper~use. 
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was 54 ° . After the partial melting produced in this test, the sample was cooled to 
room temperature and a repeat experiment on the next day Ied to Curve I I  wit!,  
a glass transition at 38 ° and melting at 54 °. In t ~ s e  tests the temperature at each 
point was held constant for 3 ° rain or longer before taking the reading. Repeated 
experiments were also made on the beef tendon in which the temperature was in- 
creased at a constant rate (x ° in 8 min) for better comparison with the extensometer 
values. The transitions were not so clearly marked as those in Fig. I, but "~ ~ % c ' -  
of successive heating showed significant trends. T t was :~luced from 47-5 for the 
native tendon, successively, to 45 ° , to 43 ° and to 4 ° :  by one, two and three partial 
meltings, re.spe~ively. The first-order transition, however, was observed at 59 ° for 
all of these conditions. It  should be emphasized that the ~mp!e was stc, red for approx. 
I8 h at 5 ° between tests. oo[ 
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Fig. L Thin-hal expansion of kangaroo-tail 
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Fig. z Force-temperature relations tor partly 
melted collagens. ~,. location oi Tt; ~. loca- 

tion of T. 

A series of force-temperature cm-¢es lor the beef tendon is shown in Fig. z. 
Curve I is for the material in its native state; the force initially decreases with 
increasing temperature (the net result o! decreasing modulus together with the 
ditIecential e ~  of specimen and ~ system), but show~ a ~ t  inlle.v.Jon 
at about 480 and starLg to increase ~ at about 57 °. the shrinkage t~mperatme. 
Curves II.  I I I  and IV were obtained oa the same specimen in successkm during the 
c0ame of a day, ~ m e e t i ~  FLol~ 's  ~ of pm'thd ! ~  to establish 
a ~ c lT l t l g ine - lmmldmm intethce. It  can he t e a  how both tnmitioD points 
are ~ v e l y  redaced, to approx. 39 ° and 5t °. r ~ a ~ v - d y .  A~ter 

B~J. . - .  8~j~,y+ ~a.+ +o i+aqj~3+ 4Hiti-oo 
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Curve IV the specimen was relaxed in the saline solution at room temperature for 
4g h and then re-tested. The resulting Curve V shows that the shrinlm~ temperature 
had returned close to its original level, but that the lower transition point remained 
at 39 ° , the value produced by the successive heat treatments. 

Comlmrison of these results indicates that both methods are in fact detecting 
the sax~ two transition temperatures, v/z. Ts and Ts. Thus for further structural 
investigations the relatively difficult determination of T t by conventional methods 
can be replaced by the simple force-temperature technique. 

The force-temperature results show that 7", was temporarily lowered by the 
pre-melting treatment but recovered its original value after standing at 2o °. This is 
in agreement with FLOI~Y'S interpretation of the difterence between Ts and Tm as 
a superheating phenomenon; after the establis.hment of a fresh crystalline-amorphous 
interface by partial melting, the value of Ts is reduced towards the equilibrium 
melting point T~ which in the present inst~.:'ce is apparenti 3, close to 5 l°. 

We draw the following conclusions at this stage of the work: 
x. A glass-transition occurs in native unstrained collagen under condition, re 

sembling the state in VdVO. For the mammalian collagens tested in the native con- 
ditions the temperature of this transition, T,, lay between 4 ° and 5 o°. 

2. Tt  was lowered irreversibly to 4 °o or below by repeated heating of the sample 
to a temperatme just above Ts. "lhe magnitude of the transition increased with t;1 : 
proportion of collagen which i:ad been melted. 

3- Tt  can be determined from a force-temperature experiment waich is far 
simpler than the conventional methods. 

The authors wish to express their gratitude to Mr. G. SHARMAN of C.S.I.R.O., 
Division of Wildlife Research and to Mr. P. BRYDON of the State Meat Inspection 
S~rvice, N.S.W. Dep~t tn ,  pt 9f Agriculture, for the provision of the raw materials, 
as well as to Mr. G. GRAY for careful experimental assistance. 
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N i t r a t e  reduc~io~t in t l ~  l igh t  by i s o h m d  

leaves can reduce nit~hLe and h)~h~cvbuuiue under suitab~ conditions. The mecha- 
n~m involved i,, the reduction of these buxlpuuc ~i 'J~eu ~ ~  was f o u ~  to 
be sim~hur to the one implicated in the ~ h ~ t t c  ~ of TPN÷ (tel 3)- 
To ud= 1~U~e. the ~ m ~ i ~ d  m ,4d~iou to ~jUV or d , d c ~  q m ,  cU 
lemdaxin, a ~ ~ctor{s) also peesmt in the ~ exmu:t. 
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The photochemical reduction of nitrate has been investigated at the cellular level 
by  WARISUlt(; AND !qEGELEIS% and VAX N~L at a/)  using suspensioas of Chlorella 
cells. EvANs AND Nasos  s and J~G~-SDORF ~ have ~ucceeded in coupling the photo- 
chemical reduction of TPN+ by soybean and spinach grana to the recluct;on of nitrate 
by  a purified nitrate reductase obtained from soybean leaveg aad Neuroq)ora, 
respectively. More recently, however, I, IxGE~X.'~ at ~/.s h;+ +~ . . . . .  d . . . . . .  +v,nic 
system from leaves of C,g-wb/~ j ~ o  and Z+a mmys which cataJvzes th:~ reduction of 
nitrate by reduced benzyl viologen, but not by TPNH in the + absence o! the dx+. 
The present repc,rt is concerned with the light reduction of nitrate in a reconstitutea 
chloroplast system. More details on the mechanism of this process will be presented 
in subsequent publications. 

Washed broken chloroplasts and chloroplast extract were prepared from spinach 
according to WSATI~Y at" a/. s. Spinach ferredoxin was obtained by the method of 
TAGAWA AND ARNON s. Ferredoxin-free chloroplast extract was prepped as described 
elsewhere~. Inactivation of the ;erredoxin-free chloroplast extract was brought about 
by  heating 5 min in a boiling-water bath. 

The reactim~s were carried out under argon, at 2o °, in Warburg ve~L~ i11uminated 
from below by a xoo-W fluorescent lamp providing approx. 2ooo<: ix. Nitrite and 
hydro:+ylami~.e were estimated by the method of No ,,ax ~.X-D W~LSO.,:t~. ?anmonia 
was detenained by  nessleriz~tio~ after distillation and absorptior, of the gas in 
o.ox N HsSO~ in Co,wAy units ~t. TPNH was ~t imated by mea~aring the absorbancy 
at  340 m/~. 

T A B L E  

PHOTOREDUCTION OF N;TRATE BY CHLOR+,~-~.STS 

T h e  reac t ion  m i x t u r e  included in a final ~'olume of 3 m h  ,:.'ashmi broker, ~:htoroplo, sts.  heated 
I t  55 ~ for 5 rain,  con ta in ing  0.4 m g  chlorophyl l :  fe r redoam-free  chloroplast  ext.~<~t (F " i .  • CE) 
equ iva l en t  to L 5 m g  ch/orophyl l :  a n d  the/ol lo~G~, ,  i n /~moles :  p t  .-~sium pho+::,,~=,. (~.~ 7.0), 
2o0;  sod ium aacorbate,  2o; 2 ,6-dichloropbenol indophe.~l ,  o .z ;  K.N~)+ ~..: ~ + . : ~  viologen. ~. 

R eac ' ; on  t ime,  ~!; mix ,  

A dd~iom .'~'~."~e/r,reed 

Comple te  ,3o 
P.en+-y! violog.+'n omi t t ed  o 
Fd-free CE omi t t ed  o 
Fd-free CE he~.v~d 18 

Table I shcw~ the ;~b +~,c F ex ' - a t  red,,ction of nitrate by a +)orop!-+:: ~vstcm 
in which ,he photoevolut;~,: : ox)~en has b~en s,',.~:: . . . . .  , the e!~,-'.:ons ~-.h~g 
supplied by the coup|, .~ ~ .,rr.ate-dichlorophenolindopnenol mst.-ad of water y` x,. The 
._-~. ~ /on  did ~_t p ro~  .! ".~ the dark and required i.n addition to chloroplast fragments, 
:.~,~yl vk~g¢,i  an a _ _ +.. ~=ragab/l.- f~ctor (presumably nitrate reductase) present in 
the ~ extract. No, change in activity was observed for nitrate concentrations 
varying from z-2o ,-~,. The product of nitrate reduction was found to be nitrite. 

no hydrox-~lamine and ammonia were formed. In the absence of nitrate 
ao k a m a t i ~  o~ n i t r i~  occurred when d i a l ~ !  chlorophst extract was reed but 
q ~ e c i a b l e  ammmts of ~ were produced if ~o dialysis was previously et~ec:.,L 
U ~  the ~ extract pr~-~.,d e n o u ~  nitrate for the reaction to 
tslue ~ ce .  
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TABLE I I  

PHOTOREDUCY~ON OF TPN ~ BY cm.,oRoPt.~s~ IN THE PRESEN~W. OF NITRATE 

"Fne reaction mixture inclnded in a final volume of 3 ml: washe I chl~oDla~ frag~e~t~ containing 
o.4 mg cb~lorophyll; spinach terredoxin, o. 4 mg; and the L ~.~nt~, in pmoles: pota.mivm phosphate 

f?H 7.o?, 2oo; r P ~  +, 5; KNOs, as ;ndicate-; ~-:::~ctm~ time. ~ rain. 

- -  3-9 4.x 
6 3.7 ~ 9  

~5 3 .l 3-4 
6o 3.7 3-8 

WHITELEY .AND WOOLFOLK 14 have  shown t h a t  m e t h y l  viologen is cons iderab ly  
more effective , 'ban Micrococcua lactilyficus ferredoxin in med ia t i ng  the  d a r k  reduct ion  
of n i t ra te  to ammonia  b y  ex t rac t s  of the  same microorganism.  Under  our  condi t ions  
(Table I), when ~ n z y l  -'~-~ . . . .  . . . .  ~s~,, ",v-e~ ~eplaced b y  e i ther  me thy l  viologen ( I / a n o l e ) ,  
spinach ferredoxin (o. 4 mg), or  spinach ferredoxin (o.4 nag) plus  T P N  + (o. 3 vanole), 
no reduct ion of n i t r a t e  took  place.  

EVANS A~l, NASO;# have  repor ted ,  wi thout  g iv ing  exper imen ta l  deta i ls ,  t h a t  the  
concentra t ion of n i t ro te  (about  2o mM) requi red  for o p t i m u m  n i t r a t e  reduc tase  
ac t iv i ty  results  in a s t r ik ing decrease in the  photochemical  reduct ion  of T P N  +, 
a react ion now known to be ferredoxin dependent*.  We have  found, however,  t h a t  
n i t ra te  in concentra t ion up  to  2o mM does no t  inh ib i t  the  l igh t -dependent  reduc t ion  
of TPN+, wi th  e i ther  wate r  (Table ID or  ascorba te  as  t h e  e lec t ron donor .  The  possi-  
b i l i ty  t ha t  n i t ra te  could imer/er~ with the e l ~ o n - t r a n s p o r t  chain  a t  the  fer redoxin  
level mus t  consequent ly  be excluded.  

This work was suppor ted  in pa r t  b y  a g ran t  from the J. March Founda t ion .  
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