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A~3STRACT

Unpolari ’.ed infrared studies of the OH— st re t ch in ~ region

were conducted for kangaroo tendon collagen f ibers  hav ing water

contents from maximum to minimum wetness.  Spectra l shapes were

found to be much d i ffe ren t  tha n tha t from liquid H20. The

OH—stre t ching region for all  water contents shows the m aximum

absorption as a r e la t ive ly  sharp hand near 3630 20 cm .~~
A broa d r;~ax 1m~ r a) so  occurs near 3~90 ± 50 em ,~~ fol lowed by a

weak broad 3h~ ’~id.2r near 3100 ‘- 100 c~ . 
-l The OD— stret .chin g region

f rom dri ’d  c~~~lagen saturated with D20 is somewhat wca 1~er than the

OH region . 1everL ~icless , a f a i r l y  sharp band occurs near 76~0 ± 20

cm~~ and a hro~ d band near 2350 ~
- 100 cm. 4 T u e  04 and OD fea t ur e s

near 3~ 3O ± 20 cm~~ and 2650 ± 20 cni~ arc aasl t ’t ied to s tr o n g l y  bent

0— —W 0 and ~ — D  0 uni ts .  The re~’~ain 1ng broad OH and OD

absorption maxima refer to strong more near ly  l inear  hydrogen bonds.

For H20 all  OH features  seen at m aximum wetness were de tec ted  a f t er

dryin~ç under vacuum with  P205 for 136 hr .  This  and other observations

ind icate tha t  water is strongly bonded to collagen in a way stroctur-

a lly unl1~ e the hydrogen bonding present in pure bulk wa te r .
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(1)

1. Weight Loss and~~~~rared OH Spectra .

A. Weight Loss. The collagen fibers were immersed in water for

]2 hr. The surface water was next rigorously rcmoved with tissue

and the fibers air dryed for 10 m m .  The fibers were then weighed .

This weight corresponded to zero dessicating time . ~de next dessi-

cated the fibers for 16 hr over P205 
under vacuum and reweighed

the fibers , and ~~ repeated this procedure every 16 hr un t i l  136

hr haJ elapse~-~. The dessication results are shown in Fig. 1.

Fr:m Fi .~ . I i\is evident tha t  the In i t i a l  weight loss was

very ~~~~~ ~~~~~ -~r\ a f t e r  16 hr , or less , the rate of weight loss

was ne ar ly  ‘~~~~~t ,~~:~t a~\e~ na1 to - 0 .858 x l3~~ g/hr, according to

least ‘~‘u~ :’~ ~~~il ys~~s. The rap id f a l l  wi th in  Q to 16 hr could , of

course , re~~~’~ crc~ t h e  rapid loss of surface water or other loosely

held ~\ °t e r .  F~~~~~~V C r , some evidence to the cont rary  may arise from

in~ rar~ d ~pect.ra shown next . All  i n f r ar ed  spectra were obtained at

in ’r ement : s of 16 hr dessicat ing t im e . The f irs t infrared  spectra

corr es ’x~n u i e 1  t~ zero time .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _L
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B. Infra red  OH Spectra. Infrared spectra are shown in

F I g .  2 for s~unples of collagen corresponding to (b) maximum

wetness, zero dessicating time, and (a) minimum wetness, 136

hr of dessicating time . The spectra refer to per cent transmission

versus vibrat ional  frequency In  cm~~ for the region from 2000 cm ’1

to 14000 cm . 1 The spectra were obtained by ~lac1ng all of the

collagen fibers In parallel contact with each other on a metal

sample holder. The infrared Lambert absorption coefficient for

OH st re tching is extremely large, and usually necessitates very

thin films , hut the losses incurred because of the collagen

absorption ~uade the experiments simple, because only a relatively

small amou~it ~f infrared radiation suffered O~i absorption . Of

course, sc~~t t~~r~ r-~ due to the collagen itself , ari d other e f fec t s ,

decreased the soectral quality somewhat.

Both the ( ct ) and (b )  spectra of Fig. 2 show visually similar

sha pes. Only the in tens i ty  of the ( a )  spectrum is lower because of

the lower hater content .  Visua) observation tnus indicates that

the math e f fc~~t of’ drying Is ~i imply  an ini ensity  decrease due to

loss of to ta l  water. However , computer analysis suggests that a

component near 31~9O 50 cm~~ may be concentrat ion dependent , I . e . ,

some loosely bound H 20 was lost in the early stages of the dessi-

cation . Both spectra of’ Pig .  2 indIca te  comix.nent s near 3630 ± 20 ,

31490 ± 50, and 3l0~) t 100 cm ,~~ which are the average values ob-

tained i’i a l l  in f rared  spectra of t h i s  work . Thu s, from co ;iponent

positions alone , we see no great . spectra l d i f fe rences  between zero

and 136 hr d e s s i -~i t ing  t ime .
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For comparison with Fig. 2 the quantity (
~

24/1ff ) for liquid

water obtained by Crawford and Frech(1) Is shown In Fig. 3(b). Th i s

quantity is roughly equivalent to an absorbarice spectrum because

2 does not vary much over the OH band , see the aLsorbance spectrum

of FIg. 3(a) whIch was Independently obtained by Walrafen . ( 1)

Comparisons between PIgs. 2 and 3 may he made despite the fact that

one refers to 3 t~’rnsmIssIon spectrum and the other to an absorbance

spectrum . These cnmparlsons clearly indicate that the collagen OH

spectru:: ~ orA t~~!a.~ ~~ ny more contr ibut ions  from o sc il l a t o r s  In the

3!4Oc~_3~~) c~~~ :e~, Ion than liquid water . Tha t Is , the 3630 t 20

ci~~ f~ .tt ui~~ fr~~:i v2iter in collagen is much stronger than the

corr esD~ a~~.i~1; l Iq~~!~ water fea ture , and there has a lso been a f i l l i n g—

in bet~~e~ n ~i5 out 3~~
)
~ and 3630 cm .~~

Th~ - ar1 ~~~ns between Figs . 2 and 3 c lea r ly  Ind ica te  t .hat .

~a tc r  ~n c c l l a~~en p a s t  have a s t ructure  grea t ly  d i ff e r e n t  f rt ~m

tha t. of l iqui~ int e r .
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2. Infrared Studies wi th  1)20 in Colla~ en.

Samples of native collagen , that is, t.hose not previously

• employed In the 1120 studies , were dessicated 2-3 days and then

immersed in liquid 1)20 for 2 days in a dry box . This procedure

minimized H20-D20 exchange, which had caused t rouble In ear ly

work when 3amples saturated with D20 were left In contact with

room air. The native collagen samples were then r igorously

dried Inside he i:y box w it h  tissue , and t ransferred to the

j sample ch~ ::h~ r e l’ :i Perkln-Elmer 180 Inf rared  instrument wh i ch

was purged i.. i ’  a “ery  dry nIt rogen . An I nfr ar ed  tr an smi t t ance

spect~’ii”~ I ~ Hie’.~r. in Fig. 14.
The ~p ec tr ~.:n e t’ F ig .  )i shows a rel it i v e l y  sharp  fea tu re

near 26~ d ~ ~ 0 c ’: , —1 plus a broa d band at 2300 ~ 100

When D20 i~ ~dded to na t ive  collagen , it is reasonable

to expert that !ii)0 will be formed by reaction of’ the  1)20 w i t h

the H20 a1read~ present in the col lagen . Infrared absorbance

spectra of’ ~1D0 in liq u id H~ 0 Indlcite 01) components  ucar  7610 ,

2510, and 2)~00 c i , see Fi~~. ~,~~( 2 )  However , t h c  2610 cm~~
component Is e x t r e m e l y  weak and corre spond3 to a shoulder

rather than t~ an :ib sorpt i on m a x i m u m - - t h e  a bso rp t i on  m aximu m

occurs at about 2520 cm . ‘\~ :iIn , cosmarions between Pigs .

14 and 5, IndIca tes  the  spec t rum of ~1t )O In coila.:en to be greatly

changed r e l a tiv e  to HDO In  l i q u i d  ‘~at er . Much nero 1nt ~~~s I t .~

occurs at. t he  hI~ her f r equen c ies , as in  the Case for  1120 in

c o i l  ~ •en , cump ar cu t o  I ~qnl ~i ~~~~
The t ’aUo o~ I sot,op. ~;h~ t’ i s  t h  i i  we h i v e  ~ a.-~c~’vcd for  t h e
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band from U~ O In cci i i i ~~en ~~~~~ u’c~i 1 u t h e  eorre~ p ondIn~,

sh:~rp band from 1U~0 in c i , l  1 i~,en i s  ~/ .‘u’~O 1 .37 . A v.i lu t

Of 1 .37 h.i :~ been found exper  I m e n t a  I ly  t o  e h i  ;‘~~et cr1 ~:o

fr equency  ra t  loo . The fr equ en cy  vi luc for  t ~“ ~it  ren~ eat

•ihsorp t  I on or 1120 in cu l l  agen i. ~~~~ ~~ ‘ ‘~o cm , — 1 anti th e

t) o:~ding va l ue  for 111)0 In  c c l i  i~~en Is 7 ~~ 100 c i i .

h~er~ t h e  ~~~~~~ r It to is I .14°, w h i c h  I ~ much t c~ l ar ge

~~~~~~~~~ a i ~~ :icr7t Ion ic-i s a iso observed f’c” 1170 in col la~ en

~t U 00 ~ I 0~ c :~~. 
— The H~1O absci ’pt. ion  at.  73~ 0 m - iy corr es —

pcn:~ t a  h~’~~~’~’ c~~el~~•~-i sum 0 e the b wds at  ~~~~ and 3130 cm , — l

T:~ ~‘ i t ~~~ ~~~ ‘ - i .T~’ ~~~~~ a nd the  r~I t i ( )  ~1 00/ l .37
Thi r t h~’ v ~ ~~~

‘ ‘ ~0 for  1110 in  (‘01 ~a~~en ~ h-~ bet  w ot  ,~~ t h ei~e t wa

c.i ‘icc l at  ed v ,

he I ~ l t
’

~~
’.i t’(’d SnOOt rum o ~

‘ 11 )‘ in coil ~‘en is

c~r- ’ i t i  y ~ I ~re :’eut ;‘rcin I h at  of ’ 11~ 0 In I i q u l d  •c ~ter  , In com~ let .e

~ r ee-” ent  w i t h  our prey I ous cone Ins ion . Purt  ncr , t h e  ? ~~c0

0 1  b a -  t ’: c~ ~i~ - •~ In col  1 i ~~en is not i’~u’ froni tb  I t  ot’ 11 10 1c , 
( I~~

i~h 1e~i 1n ¼l i a t o s  st ron~. boiid 1n~. ’~ bclacecn 11~ C ati~ cul 1a~ :en

_ _ _ _  
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. T ri t e t ’rit ’e t a t  .1 o t t  of’ lu l’r.i i’ed Hean i t  a

As ‘t p i i .n  I , ’ ed p i ’ev 1oual~v , t h e  a t r t - ’t n Pc o L ’ b u l i ~ I I q u t d  w i t  ci’ ,

md 01’ water In ~‘o1 l igen , a re  ~ r ’eat  ly  ( i l l  1~~i’ t ’ut. . ~c i o 5 1 f t  ‘a l l y ,

Wf’ f i nd  c ;0Lt t i ~’Ct1 int t ’na  it  y a I ~u~ 0 ‘ ~‘0 cm i’oi’ ILO in  ccl l igen ,

.tn ! i t ~~~~ * ~~ ~
s . f o r  1~ 10 in co il ~~~~~ ‘ a rc i  t o  t he hul’ \

I t  qu Id a • in  add  I t  t on  we V I  ud b.i t u d a  for  ! i~ 0 l i t  ¼’ ci i  r~~et i  n e ar

~~~ ~~~~~~~~~ 
~ i n  - ~ 1 ~0 ~ 100 c:n ~ fat’ ~1 ‘10 i cci ne ir

~ 10 ~ • .

Tt  ~~ ~~~~~ ~~ ~~i~ :an and l r l t” a”o i 
~t l i c a  of ~c i t er ’ , 

( i )

( I ,)
.l 4a ~’~n~ ~ I n t  ~n . ,  • and t ro.~ a t -nd i~’a of 0 %  In  t n a e d  a l l

th at t ie Ci LI  ‘0 b in d s  ‘‘v~’J l~ .n’5 ’ i ’cfc~’ t a at : ai i , l v  b en t

!‘.yd:’o cn ~~~~ : a.  ~ l ’ i l u ’ 1 y  t h 5 ’ v a ’  ~. t : i I i ’~ , C’~ i i i  0’~ ~‘u

c i i  ~~
- :‘c’’ te icii’ly 1 l i t ~ i ’ ~ ~~~~~~~~~~ t’vn i’~. 1- I c c -i” ~ y~h a , n

~~~~~~ ta ~ :‘ct~~ b I n ~~tn 5 , to call ~ ,cu , aa lvi  ~‘i1 vi r’-u ’t  .1—

~‘‘,~1 ‘. l ’ .\  C s  t vie ~‘ i~ t I h at  t 1i~’ h ’O Va lt~ ~
‘ 1 ca . ’ t a t~~i t vt ’

1110 Ice . ~~~~
‘ ~ t e ~ end I hose ~, i’ c~~a ob. ’r~~. :t va. ; t ha ~tia. ;t I .  i i  v i : ’

:i~~ t a !‘i~~.
’ ”  

~ : ‘~
“ ~~~~~~~~ h 10 b tn ~ I C c l i  ‘ an , I ‘ • ~ I a , i-~h i t n’~’ I ~

‘ ‘

a t :‘uet tn ’ca c,\—’* l ‘ 1 I he Pi ’ en 1 c.. i : ’ t ,d r~.’% u1t a

Rich an Or Iv I be ‘ ‘.1 a I a ~
‘ 

• ‘ o 1 a cvi I i i  w h I c h

one wit  e~’ ;:al ccc Ic  t’or’~is ‘ hyi:’ •~ cvi 1 . ’n h  bat wcc:1 a i l de  Cr 0

C t c  am i d 5 ’ 0 ; . u ~ I a vi v i i  t~v 1 ~. no ’~t I , ‘ ch i I n , nid t he

ct - her  i:;~ !~~e ‘ ‘au~~ Is a 1w i va t h t - ‘:‘ ~~. I \ ‘Inc  I , i  .i a c a ¼ m  nd ‘~ —

oc ’nt. ide  c h i  i n .  The ~! . ~0 I ~ ino~ a ‘ ~~~t -a a i - ’ h  t ‘i t t tie ca~’.~

Cl ac t r Ic ~, ¶ i ic IC ~“a ’nent ~ cv t a ~~
- I u. ’ ‘sea i v  i i  r 1 a I ~~i ’  ‘c i  I

fibe:’ ix l a  . ~ u s ’ 1 i ni ,.a’~ cat i t  I c y  a ‘cvi’; at  e’it i~ i i  : i  I a~’ t v i~ ’ I’ ! ‘ ‘t ’ . I

f l it  I ;  • 
~~~~ ~~~~~~ i v i~~~ “ t ’ i a e ” . I i s  :t ’1 a1 . ‘ ‘ ‘v~ i *~ I n  I no

rita x t  so-  I I ‘vi ~~ i
’ l.a I 5~

‘l’)ie pre~ cnt f l u t i  I n  ‘s ir e  net 1in’ 5vir ~ I .~t cut id I ~a t ti~ per :’~ in c n t
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electric dipole moment vector betn~ perpendicular In the fiber

axis , but we need also to impose the additiona l c.oudItton~ t hat

one hydrogen bond is stron~ 1y bent , and t he other one about

line r • We m igh t  , of eouz ’~ e , invoke vi rn~ de I Iii wh I oh ri oi’o ti uu li

one 11,,0 molecule exist s  between polyse~~t ide chains . Still all

ot ’ t ’ ~e i i pole - .ovient a  would  have to be perpen dicu lar ’  t.o the V

ax  a I v  be vi. vi at  vat  w i t h  t h e  In f r a r e d  d iahrc ’ 15 ’ data  of’ Su~ uk l ar id

~~~~j  aevi , aa , i  h v v i  :‘~~,eri ban h. icould have  I a be strongly bent  and

otae~’a I Ina , : r  t. vv  v ariala tciut with our dv i t .  ~~~. ~~irther , Rich  and

Cr • .
~~ r~a ~o no er a  vi: of t i  is th rther  possib I I i t y .

‘ ~~~~~~~~ :aoloo’.: 1~ is thus (r onSicier’Cci between pculypep—

tid.’ ~~ vi dv  , .‘- :.:‘ -,::cdel ‘ddUI-i  be f-ha t  shown schc; i a t . l  c:i l l y  I i i

F1~~. • 
‘
. F~~~. o - ‘ i c h  C~0 d51’eus r’ct’e:’s to a sect ion  ci’ son

pol ypest  ! ~ : vi • Also  er ie  hy dr o~~eu b ~n .I Is I m cii’, ant i  I

et .he r 5 - ::e ~‘ ‘ :i~ . The ;I Y-~ 7, i~~le , ho weve r , l a  c lose t,o 100 ° as I i i

l t , ; u t a  - i t  a:’ a:’ e :’dlnai ’y  ice.
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h~ Disc~.3sIon of ’ i-he InterpretatIon of Suzuki arid Friser .

Suv i rh i  ana Fraacr~~~ have reported infrared dichrolc

spectra for water iii collagen. TheIr infrareti data differ

:~re-i t1~,- fro”~ ours, for unkn own reasons . (Probably the  colla~ cns

are chemically different.) Aslee from this dIfficulty, they

assign a ban d -
~~~. 32~’IO cm ’

~ to symmetric ROIL stretching and a
—

.
~band at  3Y’O c a  to antisymnietric stretching. Fi’om numerous

Th~- - a i -  m d  :a’:’~~:’ci stu d i e s  of i ter ,~~~~ it. is vl i ’tual ly  ce r ta in

t h i t  ~vi ;e Oi: vi :  -.~~ ~nd ~‘rasor assi~ nment s are wron~~. Ant isymm etr i c

s t re t T h I :~~ f : ¼  a I ~ ju!d water  occurs  -it  Ic u v i t  near 3550 cni~~ or

ye , vi certa  tn ly  r i ot  ass i~~nah le  to t h e  31453 em~~

f ”c a ’..a vi ~~~~ . ~~~
- . .vo , ~ to t : ‘mi i a i t ~ an mement o fi ’on b ath  of Su zuk i

~ nd ~~
: -  ‘ a :‘‘~~~~. :1.’ i b an ds  a’ ta p a : v i l  id ta the h~-,O sym.rtetr~

~xis , cavity te I hair ass ~n:”cnt:;. And both b and s  shci:

~~ i~~~~~~ v i’ ~a:c ser~~ 1:.: .¼ c i i i ’  to the ‘oar a x i s . Su. ’i h i  and Fraser

~ eb: a t~vi~d r ed ;a m c i a a t,  data ‘-0 t h :u t  reali~ ia~. II.- . Our i’e—

~~~~~~~ ‘
-
‘ i tt  . can s t h a t  the nprvi a - v i mt  elco.ta ’ic dip o l e  :ac:aent vector

~f ~~~~~ ~~~I 1 - -t :c’n l. a pcrpouid i n:Th~r t o  t h e  f ib er  ax i s.  This ,

af cc ’:~~se , s i ~, s t ’ t h t~~ ahci :t vib ‘via the l ine between the 1120

n r v t  ons a I- ’cat -cd  r e l at i v e  t~ . 1 hc fiber ixis , contrary to tha

l at  ‘:‘nretit ~ en ot’ ~t vi uh 1  an t i  l~’r asei ’ . Our only  f u r t he r ’  strg~ ost ion

r e l at e s  to l t : i ca r  ano hent hyc1re~ en bonds forc’e-i with amide 0=0

j r ouca -u s shown In t I l l ust r a t ion , Fl ,,~. 6.
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5. l~’u tu re_ S t ud ie s .

ra futu,le  work w i t  ii ‘
~!- ( v i n h I  HDu In col1-r ~~cn , we expect t c t

c an-iu~ t cc l.t r ’ i vi ed i nfr . t  rtau s tud  los of the Inf rared  bands

resort  on l ie  ee , t l i .it is . we ‘~i I I c~ -n d u et  I r i f i ’  ~~~ st -t id ie s of

t~~-: ~~~~~ ~~~~~~~~~~ an d _3 1d3 b t r i v i a  f iaa:a  I!,..O and of the 2650 a n i

~‘va~r ~i )fl in coi1n~~en . We arc al so  c u n ms i d e r i n :

t vi ‘ a ~ ~it  :‘ L b t  a in I n ~, l a s em —R a rnan spectra of t h in

~~~~~~~~~ Ci’ ~:‘~~~i ~ .ea.  We ~~X 2 C c t  to t ry  to mount a large nu~aber

~~ :‘sT ’ : i I c u l . t t ’  t o  the fiber axis on a circulni’

p in t o , . . ..h~ . tao’-: ‘own r aa. ‘i t h in  p l a s t i c  f i l u . Thin ;  p la te

vi-’ a ’ .:. h th e  laser ~~~~~ and th~ P a a i n  sc~a t t e ri n~’

c cl i e ’~~ ‘ ‘°~~~ a n - ~~. -. 
) 1C ii c’ i c - ’h :  ‘1 or. Aft e i ’  t h i s  we plan to

n :‘ ~~~~~
‘
~~~~~~ ~ ~f:’ared sty ~~ea of t-:ater in oriented sicelofal

: .uacic ’ j~v ia .

~k- 
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CAPTION

?igure 1. Deaeioation stud y of water in collagen,

Zero tine refers to oolla~en that has been Boaked

in wat er and then dried .
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CAPTION

P igure 2. Infrared tranennuittance spectra of

water in collagen , (A) ~1peotra of deestoated

oo11a~.n with desatcating t imes indicated ,

(E ’
~ ~pectru~ eorre apondtng to zero t ime,

see i?t,~u:c 1.
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~ tgu:e 3, Infrared absorbance apeotru~i of liqui d (1)
water , ~& ) .  Data obtained by l?rech and Crawford ,

(b :. The ~b) data are more accurate than the (a)

dat~., ~ru: both eete of data compare favornbly .
-~1r ote ~~e ~eaknesa of the absorpti-sn above 3500 cm.
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CAPTI ON

Pigure 4. Infrared transmittance spectrum of’ dry

col1t~g ’~ to which 1)20 has been added . The OD region

ind i~~~te~. on the f igure refers to HDO. The OH re gi on

c o r ,tu t~~ contribution s fr om both H20 and }WO. 
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~~ CAPTION

Figure 5. Infrared abeorbance spectrum of the

OD...tretahtng region of m~o in H20. The OD-

• ut r et~ hing region regton occurs between about
—1

2100 t ’  2703 cm. The vertical lines under the
—~1

~iatr~ “e a t  near about 2520 cm refe r to the centers

- of ~ ‘n~~tan component s , The horizontal lines refer

-
~~ to :ri e -~ if—w tdths of the Gaussian c3i~p onente,.
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Ftgur .~ 6. Sbhematio representation of the bind ing

of a water ~o1eoule between two polypeptide strand s

of C K;er.. The dots refer to hydrogen bonds .

The a~ r’~ refers to the direction of the pernanent

eie ’c:r ~.: dipole r~onent of the water molecule.

‘The ~~~ tec. circles refer to the polypept ide strand s,

•“~~ .-vi ~~i~n the strands . Notice the 1ine~r and

b e r t  ~~r~~en bonds.
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Bud~ .t. Second ye .

Prop .
ONR Amt .

Budget Category tund.d Man )Lontha

A. Salaries

1. Poat~dootoral 100% $15,000
Res. Assoc iate 12PT.2

B. Staff Ben .fits 2.3% Salaries 3,000

C. Total Salar ies and Staff Benefits 18,000

1). Travel 500

2. Publication Costs 1,000

1. Lassi R.pa t.r 3,000

0. Supplies 775

if. Indirect cost

a.) 82 .8~ of Salaries 12,120

I . TOTAL S!~C0ND Y3AB $35,695

Note; The principal inve3ttgator , Dr. George 2. Wairaf en,

will work on the project without charge , for  the full grant

period of 12 month..

“Th. salarie, in this proposal are stipulated salaries as

defined in ?ederal Management Circular (FuC)7~ —8, ~eation
.7 *‘pa.
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