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t he  syn thes i s  of t h i s  t y p e  of hepa t i c  G A G  is u n m e a s u r a b l y  
low, b u t  i t s  q u a n t i t y  g r a d u a l l y  increases  in  l iver  f ibrosis  
as a consequence  of ca t abo l i c  ine r tness  a n d  e x t r e m e  
r educed  t u r n o v e r  ra te .  A l t h o u g h  t h e  ex is tence  of k e r a t a n  
su l fa te  in  l iver  ha s  n o t  b e e n  p r o v e d  so fa r  a, ou r  d a t a  
sugges t  t h a t  n o r m a l  a n d  diseased l iver  is capab le  of 
syn the s i z ing  t h i s  special  t y p e  of GAG. 
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D u r i n g  chron ic  l iver  i n j u r y  t he  syn thes i s  of specific G A G  
increased  d i s p r o p o r t i o n a t e l y  (figure 2, tab le) .  However ,  
t h e  degree  of s t i m u l a t i o n  was m u c h  lower  t h a n  d e m o n -  
s t r a t e d  p rev ious ly  b y  t he  in v ivo  i n c o r p o r a t i o n  of 
(3~SO4)2- 20. The  fac tors  con t ro l l ing  t h e  f o r m a t i o n  of G A G  
in  ch ron ica l ly  i n ju red  l iver  are n o t  known.  The  c h a n g i n g  
p o p u l a t i o n  of cell t ypes  d u r i n g  f ibrogenes is  21 in p a r t i c u l a r  
t h e  increased  n u m b e r  of m a s t  cells a2 a n d  t he  ab i l i t y  of t h e  
h e p a t o c y t e  to  syn thes ize  col lagen ~ necess i t a t e  ce l l - type  
d i f f e r en t i a t ed  s tud ies  of G A G  s y n t h e s i s  in l iver.  F u r t h e r -  
more ,  i t  r e m a i n s  t o  be  e s t ab l i shed  w h e t h e r  t he  a u g m e n t a -  
t i o n  of G A G  syn thes i s  is a f e a tu r e  of p a r e n c h y m a l  
r egene ra t i on  d u r i n g  chron ic  i n j u r y  r a t h e r  t h a n  a disease 
specific p h e n o m e n o n  10. 

M n  2+ e l e c t r o n  s p i n  r e s o n a n c e  s t u d i e s  o n  A T P  p h o s p h o r i b o s y l t r a n s f e r a s e  f r o m  E.  c o i l  ~ 
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Summary .  E S R  b i n d i n g  s tud ies  of Mn ~+ w i t h  each  of t h e  s u b s t r a t e s  a n d  p r o d u c t s  sugges ts  t h a t  s u b s t r a t e  br idge  
complexes  are  fo rmed  in t he  reac t ion .  This  p r ed i c t i on  is conf i rmed,  c o m p a r i n g  Mn *+ + A D P  a n d  Mn ~+ + A D P  + 
e n z y m e  spec t ra .  

A T P  p h o s p h o r i b o s y l t r a n s f e r a s e  (EC. 2 .2 .2 .17)  is t h e  f i r s t  
e n z y m e  of t h e  h i s t i d ine  b i o s y n t h e t i c  p a t h w a y ,  a n d  i t  is 
a l los te r ica l ly  i n h i b i t e d  b y  t h e  end  p roduc t ,  h is t id ine*.  I t  
ca t a lyses  t h e  revers ib le  r eac t ion  of A T P  a n d  p h o s p h o -  
r i b o s y l p y r o p h o s p h a t e  ( P R i b P P )  to  yield phos pho r ibosy l -  
A T P  ( P R i b A T P )  a n d  p y r o p h o s p h a t e  2. T he  r eac t ion  re-  

qui res  Mg *+2, b u t  as in m o s t  processes  w i t h  p a r t i c i p a t i o n  

of nuc leo t ides ,  M n  *+ can  s u b s t i t u t e  for Mg 2+3. S tudies  
in  ou r  l a b o r a t o r y  w i t h  t h e  E.  coli  e n z y m e  h a v e  d e a l t  
w i t h  c o n f o r m a t i o n a l  changes  a n d  assoc ia t ion-d issoc ia t ion  
processes  ef feeted b y  s u b s t r a t e s  a n d  o t h e r  l igands.  W e  
h a v e  r e p o r t e d  on  f luorescence d a t a  4, assoc ia t ion-  dissocia-  
t i o n  s, s t e a d y  s t a t e  k ine t ics  * a n d  n i t rox ide  spin  labe l l ing  

ESR parameters of aqueous Mn *+ solutions* 

Ligand ~ ' H t  Relative ~YTa i 
(raM) 6 intensity T 

(G) 2~Vl__ (G) 
6 

- 29 346 96 

ADP (0.3) 35 63 97 

ADP (0.15) 40 54 97 
Enzyme (9 mglml) 

ADP (0.15) 
Enzyme (9 mg/ml) 38 68 94 
Histidine (1) 

ADP (0.3) - < 5 - 
PRibPP (0.3) 

ATP (0.3) 52 21 97 

ATP (0.15) 
PRibPP (0.15) 42 62 97 
Enzyme (9 mg/ml) 

* The MnC1, concentration was 0.! raM: in spectra in the presence of 
enzyme it was 0.05 raM. A~ these levels, the relatiwe intensity of the 
Signal is a function of the manganous ion concentration, AHt is the 
peak-to-peak width of the first derivative ESR signal, Yi is the peak 
height, ai is the hyperfine splitting constant. 

of t he  e n z y m e s L  I n  th i s  paper ,  a n  E S R  s t u d y  has  been  
ca r r ied  out ,  in  w h i c h  use is m a d e  of t he  M n  *+ ca t ion  
to  o b t a i n  i n f o r m a t i o n  on  t he  e n v i r o n m e n t  of t he  m e t a l  
d u r i n g  t h e  c a t a l y t i c  reac t ion .  
Materials and methods. A T P  p h o s p h o r i b o s y l t r a n s f e r a s e  
was  pur i f ied  bas ica l ly  accord ing  to  t h e  m e t h o d  of Pa r sons  
a n d  K o s h l a n d  s, as p rev ious ly  descr ibed  6, inc lud ing  a 
S e p h a d e x  G-200 step.  P r o t e i n  was  d e t e r m i n e d  b y  t he  
m e t h o d  of L o w r y  e t  a l . ' ,  w i th  insu l in  s t a n d a r d s .  P R i b P P  
(f rom Sigma) was used  w i t h o u t  f u r t h e r  pur i f ica t ion .  
P R i b A T P  was p r e p a r e d  accord ing  to  K l u n g s o y r  a n d  
K r y v i  10 inc lud ing  a S e p h a d e x  G-10 f ina l  s tep ;  t h e  p u r i t y  
was t e s t ed  w i t h  A T P  phosphor ibosy l t r ans f e r a se ,  us ing  a 
va lue  of 3 i00  M -1 cm -a for  t he  e x t i n c t i o n  coeff icient  of 
P R i b A T P  a t  p H  8.0 a n d  290 n m  u.  
E S R  m e a s u r e m e n t s  were car r ied  o u t  in  a J E O L  J M - P E - 3  
spec t rome te r ,  work ing  a t  23 ~ a n d  a t  X b a n d  (9.53 GHz),  
us ing  a m o d u l a t i o n  a m p l i t u d e  of 4 G a n d  mic rowave  
power  of 6 roW. The  so lu t ions  were  c o n t a i n e d  in  a q u a r t z  
cy l indr ica l  cell, s t a n d a r d  for t h e  J E O L  e q u i p m e n t .  The  
s o l v e n t  was  in  al l  cases 50 inM Tris-HC1 buffer ,  p H  8.0. 
A n a l y t i c a l  g rade  m a n g a n o u s  ch lor ide  was o b t a i n e d  f rom 
Merck.  
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Results. The  aqueous  M n  2+ s p e c t r u m  consis ts  of a s igna l  
w i t h  6 hype r f i ne  c o m p o n e n t s  t h a t  showns  a va lue  of  
g = 2 . 0 0 8  (figure, A) a n d  can  be  ass igned  to  t h e  ca t ion  
M n  2+ s u r r o u n d e d  b y  6 molecules  of water .  Fo l lowing  t he  
cond i t ions  of Reed  e t  al. (using nuc leo t ide  in cons iderab le  
excess) 1~,, i t  is possible  to  suppress  m o s t  of the  free M n  ~+. 
The  a c t u a l  E S R  obse rved  spec t r a  will  r e p r e s e n t  t h e  
c o n t r i b u t i o n s  f rom s ignals  due  to  free M n  ~+ [i.e., M n  ~+ 
(H~O)6], to  m a n g a n e s e  a f fec ted  b y  d ipo la r  i n t e r ac t i ons  
a n d  to m a n g a n e s e - n u c l e o t i d e  complex ,  a l t h o u g h  genera l ly  
t h e  b o u n d  m e t a l  does n o t  c o n t r i b u t e  s ign i f i can t ly  to  t he  
s ignal  w h e n  free m e t a l  is p r e s e n t  13. I n  fact ,  Cohn a n d  
T o w n s e n d  fai led to  d e t e c t  t h e  M n  2+ s p e c t r u m  of a n y  of 
t h e  complexes  s tud ied  1,. 
F i rs t ,  we h a v e  d e t e r m i n e d  t he  c o n t r i b u t i o n  t h a t  each  
c o m p o n e n t  m a k e s  to  t h e  b i n d i n g  of M n  *+. The  figure,  
B - E ,  shows t h e  s p e c t r a  of M n  z+ in t h e  p resence  of each  
of t h e  s u b s t a t e s  a n d  p r o d u c t s  of t h e  reac t ion .  I t  c an  be  
obse rved  t h a t  P R i b A T P  b i n d s  to  t h e  m e t a l  more  loosely 
t h a n  P R i b P P ,  A T P  a n d  p y r o p h o s p h a t e  do. Since we are 
work ing  in  a r ange  of M n  2+ c o n c e n t r a t i o n s  in w h i c h  t h e  
i n t e n s i t y  of t he  h y p e r f i n e  s t r u c t u r e  is p r o p o r t i o n a l  to  
t h e  c o n c e n t r a t i o n  of free M n  2+, t h e  c o n c e n t r a t i o n  of free 
m a n g a n e s e  in each  case can  be  ca l cu la t ed  f rom t he  re la t -  
ive i n t e n s i t y  of t h e  s pec t r a  in  t h e  f igure.  I n  t h i s  w ay  a n d  
a s s u m i n g  1 : 1 b ind ing ,  va lues  of 17 ~M, 13 91V[ a n d  8 ~zM for 
t h e  d issoc ia t ion  c o n s t a n t s  (Kn) of P R i b P P ,  A T P  a n d  PP~, 
respec t ive ly ,  to  t h e  M n  *+ are ob t a ined .  T he  KD of Mn 3. 
a n d  P R i b A T P  appea r s  t o  be  of t h e  o rde r  of 40 i~M. T h e  
K n  of A D P  ( spec t rum n o t  shown,  see the  table)  is 53 ~M. 
T h e  p a r a m e t e r s  of t h e  m a n g a n e s e  s ignal  in  severa l  dif-  
f e r e n t  cond i t ions  are  p r e s e n t e d  in  t he  tab le .  I n  t he  pre-  
sence of 0.3 m M  A D P ,  t h e  i n t e n s i t y  of t h e  s ignal  is 
r educed  b y  a f ac to r  of 5 a n d  t he  l i n e w i d t h  of t he  hype r f ine  

i i 

3100 34~ 3700 

Gauss 

ESR spectra. A 0.05 mM Mna§ B 0.05 mM Mn ~+, 0.15 mM PRibPP; 
C 0.05 mM Mn *+, 0.15 mM ATP; D 0.05 mM Mn 2+, 0.15 mM PPj; 
E 0.05 mM Mn ~+, 0.15 mM PRibATP. The sharp signal in the middle 
Of the spectra corresponds to DPPH (~,~'-diphenyl-fl-pierylhydrazyl), 
used as a standard to determine the g values and compare signals 
intensity. 

c o m p o n e n t s  is en larged .  ( In  con t ro l  e x p e r i m e n t s  done  in  
t h e  absence  of M n  s+, no  E S R  s ignal  was  ob ta ined . )  W h e n  
e n z y m e  (9 m g / m l  or 134 ~M pe r  d imer  of 67,000 da l tons  x~ 
is p r e sen t  in  t he  M n 2 + + A D P  solut ion,  t h e  l ines b e c o m e  
b r o a d e r  a n d  s l ight ly  smal ler .  The  presence  of 1 m M  his-  
t id ine  p roduces  a n a r r o w e r  a n d  la rger  s ignal  a n d  smal l e r  
hype r f ine  c o n s t a n t ,  i n d i c a t i n g  a c h a n g e  in t h e  die lectr ic  
c o n s t a n t  of t h e  m e d i u m  s u r r o u n d i n g  t h e  ca t ions .  I n  t h e  
presence  of A D P  p lus  one of t h e  s u b s t r a t e s  of t he  e n z y m e  
( P R i b P P ,  0.3 mM), t he  s ignal  p rac t i ca l ly  d i sappears .  I n  
t he  s p e c t r u m  of a so lu t ion  of 0.3 m M  ATP,  t h e  hype r f i ne  
c o m p o n e n t s  become  b r o a d e r  a n d  t h e i r  i n t e n s i t y  d rops  b y  
a f ac to r  of 3 in  r e l a t i on  to  t h e  A D P  solut ion.  W h e n  
t e s t i ng  a m i x t u r e  c o n t a i n i n g  0.05 m M  Mn 2+, 0.15 m M  
P R i b P P ,  0.15 m M  A T P  a n d  9 m g / m l  enzyme,  one  would  
expec t  t h a t ,  fol lowing t he  t e n d e n c y  obse rved  in l ines 
5 a n d  6 of t h e  t ab le ,  t h e  hype r f i ne  s t r u c t u r e  would  dis-  
a p p e a r  in  t he  presence  of P R i b P P  a n d  A T P .  However ,  
w h e n  e n z y m e  is also p r e sen t  in g rea t  excess, n o t  on ly  does  
t h e  s ignal  n o t  d i s a p p e a r  b u t  i ts  i n t e n s i t y  increases  a n d  
t h e  l i n e w i d t h  d iminishes .  Th i s  f ac t  c a n  be  exp l a ined  b y  
cons ide r ing  t h a t  t he  so lu t ion  c o m p o n e n t s  r e a c t  to  fo rm 
P R i b A T P  a n d  PPi .  P a r t  of t h e  Mn ~+ is re leased p r o b a b l y  
b o u n d  to  t h e  P R i b A T P  j u s t  formed,  whose  a f f in i ty  
c o n s t a n t  for  Mn*+ is a p p r e c i a b l y  lower t h a n  t hose  of t h e  
o t h e r  l igands  of t he  enzyme.  
Discussion. The  d e t e r m i n a t i o n  of d i ssoc ia t ion  c o n s t a n t s  
for t he  nuc leo t ides  a n d  t h e i r  m e t a l  complexes  b y  e lec t ron  
sp in  r e sonance  h a v e  b e e n  exp lo i t ed  b y  Cohn  a n d  co- 
workers  14,1~. The  a c c u r a c y  of t he  va lues  so o b t a i n e d  m a y  
p r o v e  to  c o m p a r e  f a v o r a b l y  is w i t h  t he  accu racy  of t h e  
more  classical  t e c h n i q u e s  of equ i l i b r ium dia lys is  a n d  
s e d i m e n t a t i o n  g rad ien t .  Here ,  t he  va lues  d e t e r m i n e d  for  
t h e  M n A T P  and  M n A D P  complexes  are  of t he  s ame  
order  as those  p rev ious ly  o b t a i n e d  u n d e r  s imi la r  condi-  
t i ons  16. Accord ing  to  Mi ldvan  1~, s u b s t r a t e s  w h i c h  pa r -  
t i c ipa te  in  s u b s t r a t e  b r idge  complexes  (E-S-M) are gen-  
e ra l ly  nucleos ide  di- a n d  t r i p h o s p h a t e s  wh ich  h a v e  a h i g h  
a f f in i ty  (KD < I mM) for t h e  m e t a l  ion. I n  our  case 
( compounds  f rom 2 to  4 p h o s p h a t e  groups) ,  t h e  KD va lues  
o b t a i n e d  (see above)  are  well  below 1 mM, w h i c h  sugges t  
t h a t  t h e  r eac t ion  m e c h a n i s m  is one i n v o l v i n g  s u b s t r a t e  
b r idge  complexes .  
The  d i ssoc ia t ion  c o n s t a n t s  for  t h e  b i n a r y  ! : 1  Mg *+ com-  
p lexes  of t h e  same  c o m p o u n d s  (e.e., P R i b P P ,  ATP ,  P P t  
a n d  P R i b A T P )  h a v e  r e c e n t l y  been  m e a s u r e d  b y  M o r t o n  
a n d  P a r s o n s  is, seeking  i n f o r m a t i o n  on  t he  o p t i m a l  Mg z+ 
r e q u i r e m e n t s  of A T P  p h o s p h o r i b o s y l t r a n s f e r a s e  of S. 
t y p h i m u r i u m .  I t  is s o m e w h a t  su rpr i s ing  t h a t  t h e  va lues  
of KD for t h e  Mn ~+ complexes  are 10-15 t imes  lower  t h a n  
those  of t h e  Mg *+ complexes  is. 
W h e n  A D P  is i n t r o d u c e d  in to  t he  m a n g a n e s e  solut ion,  
t h e  loss of i n t e n s i t y  of t h e  h y p e r f i n e  s t r u c t u r e  would  
logical ly  be  due  to  t h e  p resence  of A D P  in t h e  manganes~  
f i r s t  coo rd ina t i on  sphere .  T h e  b r o a d e n i n g  of t h e  l ines 
ind ica t e s  a n  i n c r e m e n t  of t h e  d ipo la r  i n t e rac t ions ,  wh ich  
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16 R .M.C.  Dawson, D. C. Elliot, W. H, Elliot and K. M. Jones 

(Ed.), Data for biochemical Research, 2nd ed. Oxford University 
Press, New York 1969. 

17 A.S. Mildvan, in: The Enzymes, 3rd ed., vol. 2, p. 445. Ed. P.D. 
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18 D.P.  Morton and S. M. Parsons, Arehs Biochem. Biophys. 175, 
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could  be  i n t e r p r e t e d  as a s l igh t  segrega t ion  of t h e  free 
M n  2+ in pockets ,  ra i s ing  t he  m e t a l  c o n c e n t r a t i o n  in these  
pockets .  The  presence  of t he  e n z y m e  itself  in t h e  M n  2+ + 
A D P  so lu t ion  h a s  t he  s ame  effect  on  t h e  signal,  en la rg ing  
t h e  l i n e w i d t h  b u t  r educ ing  i ts  in t ens i ty .  A s imi la r  in- 
t e r p r e t a t i o n  is the re fo re  cons idered  : t h e  complex ing  redu-  
ces t h e  a m o u n t  of free Mn 2+ a n d  the  segrega t ion  e n h a n c e s  
t h e  m e t a l  c o n c e n t r a t i o n  in c e r t a i n  regions  of t he  aqueous  
so lu t ion .  Since t h e  Ks  of A D P  for A T P  p h o s p h o r i b o -  
sy l t r ans fe rase  is 175 ~M (A. Bal les teros ,  unpub l i shed ) ,  
t h i s  m e a n s  t h a t  u n d e r  t h e  p r e s e n t  e x p e r i m e n t a l  condi-  

t ions  n e a r l y  60% of t h e  M n A D P  complex  is b o u n d  to  t h e  
enzyme.  Our  resu l t s  (cf. l ines  2 a n d  3 in  t he  tab le)  do n o t  
show s ign i f ican t  d i rec t  i n t e r ac t i ons  of e i the r  M n A D P  or  
M n  2+ w i t h  t he  enzyme.  Th i s  ind ica tes  t h a t  t h e  m e t a l  
does  n o t  i n t e r a c t  w i t h  t h e  p ro te in ,  a t  leas t  n o t  w i t h  h igh  
af f in i ty .  Hence ,  in  t h e  t e r n a r y  complex  (enzyme,  nucleo-  
t ide,  meta l ) ,  t h e  nuc leo t ide  m u s t  a c t  as a br idge  1~. W h e n  
h i s t id ine  is added  to  t he  sys tem,  i t  does n o t  a f fec t  t h e  
s p e c t r u m  apprec iab ly ,  as would  b e  expec ted  for  a l igand 
w h i c h  b inds  a t  a molecule  s e p a r a t e d  f rom t h e  m e t a l  b y  
t h e  nucleot ide .  
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Summary. Cryp to t i s  p a r v a  ha s  a diploid  n u m b e r  of 52 a n d  a f u n d a m e n t a l  n u m b e r  of 50. B l a r i na  b r e v i c a u d a  in N e b r a s k a  
a n d  P e n n s y l v a n i a  ha s  a d ip lo id  n u m b e r  of 49 or 50 a n d  a f u n d a m e n t a l  n u m b e r  of 48. B l a r i n a  caro l inens is  in  N e b r a s k a  
a n d  K a n s a s  ha s  a diploid  n u m b e r  of 52 a n d  a f u n d a m e n t a l  n u m b e r  of 62. The  X - c h r o m o s o m e  in al l  3 species is a large 
m e t a c e n t r i c  ch romosome.  T he  Y - c h r o m o s o m e  is a smal l  ac rocen t r i c  in  Bla r ina ,  whereas  in  Cryp to t i s  i t  is a sma l l  sub-  
t e locen t r i c .  

I n f o r m a t i o n  ha s  been  p u b l i s h e d  (for example ,  B a k e r  and  
Hsu  2; F e d y k  a n d  I v a n i t s k a y a  3 ; Mey lan  4-9; M e y l a n  a n d  
Hausser10,11; H a u s s e r  e t  a1.12 a n d  pape r s  c i ted  the re in )  
on  va r ious  aspec ts  of t h e  ka ryo logy  of shrews ( family  
Soricidae) ,  b u t  few d a t a  are  ava i l ab le  for t he  N o r t h  
A m e r i c a n  genera  Cryp to t i s  a n d  Bla r ina .  The  genus  
Cryp to t i s  is r ep r e sen t ed  in  t he  U n i t e d  S ta te s  b y  on ly  one 
species, C. p a r v a  ( the leas t  shrew),  w h i c h  occurs  t h r o u g h -  
o u t  m u c h  of t h e  ea s t e rn  ha l f  of t h i s  c o u n t r y  as well  as in  
mesic  a n d  m o n t a n e  h a b i t a t s  in Mexico a n d  Cen t r a l  A mer i ca  
(d i s t r ibu t ion  a n d  h a b i t a t s  s u m m a r i z e d  b y  Whi taker13) .  
The  r e l a t ionsh ips  of t h i s  species to  o the r  m e m b e r s  of t he  
genus  in  L a t i n  A m e r i c a  r ecen t l y  h a v e  been  rev iewed  
(Choate  14), a n d  t h e  t a x o n o m y  of t he  species in  t he  U n i t e d  
S t a t e s  p r o b a b l y  con t a in s  few prob lems .  Th i s  is n o t  t rue ,  
however ,  for t he  genus  B l a r i n a  ( shor t - ta i led  shrews),  t he  
d i s t r i b u t i o n  of w h i c h  inc ludes  on ly  t he  ea s t e rn  ha l f  of t he  
U n i t e d  S ta t e s  a n d  a d j a c e n t  regions  of C a n a d a  (Hal l  a n d  
KelsonlS).  P r io r  to  1972, t h e  genus  ]31arina genera l ly  was 
a s s u m e d  to cons i s t  of on ly  one species, B. b r e v i c a u d a ;  a 
second species, B. te lmales tes ,  h a d  been  descr ibed  f rom 
t h e  Di sma l  S w a m p  of coas ta l  Vi rg in ia  a n d  N o r t h  Caro l ina  
(Paul le) ,  b u t  was  of d o u b t f u l  t a x o n o m i c  s t a t u s  (Choate  l~). 
Then ,  in  1972, Genoways  a n d  Choa te  is p r e sen t ed  d a t a  
i n d i c a t i n g  t h a t  in  N e b r a s k a  a large, n o r t h e r n  subspec ies  
(B. b. b rev icauda )  a n d  a smaller ,  s o u t h e r n  subspec ies  
(B. .  b. carol inensis)  were b e h a v i n g  as good biological  
species.  Subsequen t ly ,  m o s t  a u t h o r s  h a v e  t r e a t e d  these  
t a x a  as a d i s t i nc t  species (B. b r e v i c a u d a  a n d  B. ca ro l inen-  
sis, respect ive ly) .  La te r ,  ba sed  on  the i r  s t u d y  of fossils of 
B la r ina ,  G r a h a m  a n d  S e m k e n  19 recognized a t h i r d  R e c e n t  
species (B. k i r t l and i )  in  t he  genus.  W e  c o n t i n u e  to 
recognize  on ly  2 species of B l a r i n a  in t h i s  paper .  
Cer ta in ly ,  m u c h  a d d i t i o n a l  s y s t e m a t i c  work  is needed  on  
N o r t h  A m e r i c a n  shrews,  especia l ly  Bla r ina .  To aid in  these  
s tudies ,  we p r e s e n t  be low t he  k a r y o t y p i c  d a t a  on  these  
shrews  t h a t  we h a v e  am as s ed  over  t h e  p a s t  severa l  years .  
The  on ly  p rev ious ly  p u b l i s h e d  i n f o r m a t i o n  for  these  
shrews  p e r t a i n e d  to  B. b r e v i c a u d a  t a lpo ides  (Meylan  e,8) 
a n d  B. b. k i r t l a n d i  (Lee a n d  Z i m m e r m a n  20). All  k a r y o t y p i c  
p r e p a r a t i o n s  were  m a d e  acco rd ing  to  m e t h o d s  descr ibed  
b y  B a k e r  21. 

C ryp to t i s  p a r v a  (figure 1). The  diploid  n u m b e r  for t he  
l eas t  shrew is 52 a n d  t he  f u n d a m e n t a l  n u m b e r  w i t h o u t  
t he  sex -ch romosomes  is 50. The  au tosomes ,  w h i c h  are  all  
acrocent r ic ,  r ange  in size f rom one  large pa i r  to  severa l  
m i n u t e  pairs .  The  X - c h r o m o s o m e  is a large m e t a c e n t r i c  
a n d  t he  Y - c h r o m o s o m e  is a smal l  sub te locen t r i c .  
B l a r i n a  b r e v i c a u d a  (figure 2). Spec imens  of B. b. b rev i -  
c a u d a  f rom N e b r a s k a  h a v e  a d ip lo id  n u m b e r  of e i t he r  
49 or 50 a n d  a f u n d a m e n t a l  n u m b e r  of 48. The  po lymor -  
p h i s m  in diploid n u m b e r  is t h e  r e su l t  of a R o b e r t s o n i a n  
f iss ion/fus ion be tween  a pa i r  of large ac rocen t r ic  au to -  
somes and  a pa i r  of smal l  ac rocen t r i c  au tosomes l  Spec imens  
w i t h  a diploid n u m b e r  of 48, r e su l t ing  f rom fusion of b o t h  
m e m b e r s  of thes  e pairs ,  were n o t  r ep resen ted  in  our  
ma te r i a l .  The  X - c h r o m o s o m e  is a large m e t a c e n t r i c  a n d  
t h e  Y - c h r o m o s o m e  is a sma l l  acrocent r ic .  
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