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Comparison of incorporation of UDP-galactose-3H in supernatant 
and pellet fractions and the effect of different conce~trations of crude 
extract 

Protein (mg) CPM 

0 249 Assay mixturewithout crude extract 

Assay mixturewithoutUDP-galactose- 
3Hwith supernatant II 

Complete assay mixture with 
supernatant II 

Complete assay mixture with pellet 

4.5 99 

0.9 5426 
1.8 45025 
4.5 48483 
9.0 70850 

1.16 5502 
2.32 14430 
5.8 26900 

11.6 35764 

Incubation was carried out as described in the methods. Each assay 
was brought to a constant volume with 0.025 M glycylglycine buffer 
pH 7.5. 

was  sub jec ted  to hydro lys is  in 3N HC1 at  100~ for 2 h. 
The HC1 was evapora t ed  and  the  residue dissolved in 
0.1 ml of H~O. Descending  c h r o m a t o g r a p h y  was carr ied 
ou t  on W h a t m a n  1 pape r  in e thy l  ace t a t e -py r id ine -wa te r  
(8 :2 :1  v/v) for 19 h a t  25~ The c h r o m a t o g r a m  was  
developed wi th  d iphenylamine-an i l ine  1~ and 1-cm wide 
s t r ips  were cut  into squares  and  coun ted  in a B e c k m a n  
LS-230 l iquid scint i l la t ion coun te r  wi th  to luene-phosphor  
(Fisher). The following s t a n d a r d  monosacchar ides  were 
used for c h r o m a t o g r a p h y :  D-glucose, D-galactose,  n- 
ace ty lg lucosamine  and  n-ace ty lga lac tosamine .  
Results. These s tudies  provide  evidence for the  presence  
of an enzyme  in Nenrospora  crassa t h a t  is able to ca ta lyze  
the  t r ans fe r  to galactose f rom UDP-ga lac tose  to a galactose 
acceptor .  This enzyme  will be referred to  as galactosyl-  
t ransferase .  Inco rpo ra t ion  of UDP-galac tose-~H was 
grea te r  in the  s u p e r n a t a n t  I I  t h a n  in the  pellet  as shown 
in the  table .  I nco rpo ra t i on  was  shown to increase in a 
l inear m a n n e r  when  the  a m o u n t  of pro te in  added  to t he  
assay mix tu re  was increased.  These da t a  are p resen ted  in 
the  table.  The specific ac t iv i ty  of the  enzyme in the  
s u p e r n a t a n t  I I  f rac t ion increased l inearly w i th  a maxi -  
m u m  of 25,014 c p m / m g  prote in .  The m a x i m u m  ac t iv i ty  

shown in the  pel le t  f rac t ion was 6220 cpm/mg.  Thus  the re  
was  a 4fotd difference in the  specific ac t iv i ty  of the  2 frac-  
t ions. The enzyme  showed an absolu te  r equ i r emen t  for 
manganese  for i ts  ac t iv i ty .  The radioac t ive  c a r b o h y d r a t e  
incorpora ted  was ident i f ied by  descending  ch roma to -  
graphy.  All r ad ioac t iv i ty  was shown to co ch ro ma t o g raph  
wi th  galactose in the  s u p e r n a t a n t  I I  f rac t ion  only. 
Discussion. The res t r ic ted  g rowth  exh ib i t ed  by  wild t ype  
Neurospora  when  grown in a cul ture  m e d i u m  conta in ing  
galactose as the  sole ca rbon  source suggests  the  impor-  
t ance  of galactose in the  morphogenes i s  of NeurosporaT. 
A possible regula tory  role for galactose po lymers  in Neu- 
rospora  morphogenes i s  has  been previous ly  shown 8. How-  
ever,  the  b iochemical  na tu re  of the  effect  of galactose has 
no t  ye t  been elucidated.  
The p resen t  inves t iga t ions  describe a ga lac tosy l t rans -  
ferase t h a t  is able to effect  the  fo rmat ion  of galactose poly-  
mers  in Neurospora .  F u r t h e r  s tudies  would  be of in te res t  
in de te rmin ing  the  precise role of galactose and galactosyl-  
t ransferases  in the  g rowth  and morpho logy  of Neuro-  
spora.  One approach  to such future  inves t iga t ions  would 
involve the  abi l i ty  of ga lac tosy l t ransferase  to confer  con- 
canaval in  A agglu t inabi l i ty  to  cer ta in  cell types  11. Con- 
canaval in  A, a Iectin ob ta ined  f rom Jack  beans,  is known  
to  agglu t ina te  slime m u t a n t  of Neurospora  12. This  ob- 
se rva t ion  would offer the  o p p o r t u n i t y  for a b iochemical  
genet ic  analysis  of ga lac tosyl t ransferase  by  selecting for 
m u t a n t s  of this  enzyme  due to the i r  inabi l i ty  to aggluti-  
na te  in the  presence of concanava l in  A. 
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( C a - M g ) A T P a s e  ac t iv i ty  of h u m a n  e r y t h r o c y t e  m e m b r a n e s :  Inf luence  of incubat ion  buffer  1 
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Summary. Act iv i ty  of the  (Ca-Mg)ATPase of h u m a n  red blood cell m e m b r a n e s  is h ighly  d e p e n d e n t  on the  specific 
buffer  used in t he  ATPase  assay.  Ac t iv i ty  is h ighes t  in h is t id ine  and /o r  imidazole buffers  and is lowest  in H E P E S  buffer.  

There  is now general  ag reemen t  t h a t  the  (Ca-Mg)ATPase 
of the  h u m a n  e r y t h r o c y t e  (RBC) m e m b r a n e  is associa ted 
wi th  the  act ive  t r a n s p o r t  of Ca f rom the  cell 2. There  is 
less agreement ,  however ,  on the  m a g n i t u d e  of the  (Ca-Mg)- 
ATPase  ac t iv i ty  of seemingly  comparab le  p repa ra t ions  
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in var ious  laborator ies  a-6. We wondered  whe the r  differing 
ATPase  assay condi t ions ,  in par t icular ,  buffer  composi t ion,  
could accoun t  for some of the  observed  differences.  This 
has  occurred in o t h e r  sys tems  T, s. To inves t iga te  this,  
10 d i f ferent  buffers  or buffer  combina t ions  were examined  
for the i r  effects on (Ca-Mg)ATPase ac t iv i ty  when used 
in an otherwise  defined ATPase  incuba t ion  medium.  
Mater ials  and methods. All chemicals  were purchased  f rom 
Sigma. Membranes  were p repa red  9 f rom RBC hemolyzed  
in 310 imOsm imidazole buffer  (pH 7.4), washed 4 t imes  
in 20 imOsm imidazole buffer  (pH 7.4), and  washed  once 
in 40 mM-40 mM his t id ine- imidazole  buffer  (pH 7.1). An 
equal  volume of the  la t t e r  buffer  was added  to the  last  
pel let  of packed membranes .  The resul t ing p repa ra t ion  
(final pro te in  con t en t  was abou t  10 mg/ml  suspension) 
was s tored on ice and assayed the  following day.  All s teps  
of p repa ra t ion  took place a t  0-5 ~ Pro te in  c o n t e n t  of 
the  suspension was de t e rmined  by  the  Lowry  me t h o d  1~ 
using bovine  se rum a lbumin  as a s t andard .  The ATPase  
incuba t ion  med ium for Mg-ATPase  con ta ined  (in a to ta l  
vo lume of 2 ml):  0.9 ml buffer  (pH 7.1), 3 mM A T P  
(Na 2 ATP-neu t ra l i zed  to p H  7.1), 3 mM MgC12, 80 mM 
NaC1, 15 mM KC1 and  0.1 mM ouabain.  CaCI~ (0.1 raM) 
was incIuded in addi t ion  in the  t ubes  for t he  de t e rmina t i on  
of (Ca-Mg)ATPase. (Ca-Mg)ATPase was t aken  as the  
ouabain- insensi t ive ,  Ca-s t imula ted ,  Mg-dependen t  ATPase  
minus  ouabain- insensi t ive ,  Mg-s t imula ted  ATPase .  Ac- 
t i v i t y  is expressed  as btmole P i /mg  pro te in /h .  The tubes  
for Mg-ATPase  also served as b lanks  to  correct  for the  
n o n e n z y m a t i c  hydro lys is  of A T P  and for any  inorganic 
p h o s p h a t e  con t en t  of the  m e m b r a n e  suspension.  All tubes  
were incuba ted  in dupl ica te  a t  37~ for 1 h. The reac t ion  
was in i t ia ted  by  addi t ion  of subs t r a t e  and  t e r m i n a t e d  by  
add i t ion  of 1 ml of ice-cold 1.5 N perchlor ic  acid. Af te r  
mix ing  and centr i fugat ion,  1 ml  of superna te  was assayed 
for inorganic p h o s p h a t e  u.  
ATPase  assays were pe r fo rmed  wi th  the  addi t ion  of 
0.9 ml of 10 d i f fe rent  buffers  (pH 7.1) in the  2 ml  in- 
cuba t ion  med ium:  224 mM hist idine,  40 mM-40 mM 
his t idine- imidazole ,  95 mM-95 mM hist idine- imidazole ,  
165 mM imidazole,  125 mM Tris [ t r i s (hydroxymethyl )  
aminomethane] ,  174 mM ACES [N-(2-acetamido)-2-  
aminoe thanesu l fon ic  acid], 158 mM B E S  [N,N-bis(2- 

hydroxye thy l ) -2 -aminoe thanesu l fon ic  acid], 158 mM 
M O P S  [3-(N-morphol ino)propanesul fonic  acid], 141 mM 
T E S  [N- t r i s (hydroxymethy l )  me thy laminoe thanesu l fon ic  
acid], and  139 mM H E P E  S (N-2-hydroxye thy lp iperaz ine-  
N ' -e thanesu l fon ic  acid). Because of differing pKa 's l~  the  
concen t ra t ion  of each buffer  var ied in order  to  yield a 
to ta l  osmolar i ty  for the  i n c u b a t i o n  med i u m of 3 0 5 •  
m O s m  ( m e a n •  n = 9 ) .  1 except ion  was his t id ine-  
imidazole  (40 mM-40 raM), which gave a to ta l  osmola r i ty  
for the  incuba t ion  med ium of 266 mOsm.  This buf fe r  was 
included because it is the  s t an d a rd  buffer  used for mos t  
ATPase  assays in our labora tory .  
Results  and discussion. The results  (table) show t h a t  
(Ca-Mg)ATPase ac t iv i ty  of R]3C m e m b r a n e s  is h ighly  
d e p e n d e n t  on the  specific buffer  used. Grea tes t  ac t iv i ty  
was ob ta ined  wi th  40 mM-40 mM his t id ine- imidazole  and 
224 mM his t id ine  buffers  (95 mM-95 mM his t id ine-  
imidazole  buffer  gave app rox ima te ly  t he  same result) .  
All o the r  buffers  p roduced  s ignif icant ly  less (Ca-Mg)- 
ATPase  act iv i ty .  I t  is w o r t h  no t ing  t h a t :  a) (Ca-Mg)- 
ATPase  ac t iv i ty  did no t  depend  on the  p K a  of t he  buffer  
( r=0 .56) .  b) BES ,  MOPS,  H E P E S ,  ACES and T E S  are 
c o m p o u n d s  wi th  pKa ' s  ranging  f rom 6.9 to 7.55. These 
buffers  should  be advan t ageous  for use a t  physiological  
pH ' s .  However ,  all of these  yielded s ignif icant ly  less 
(Ca-Mg)ATPase ac t iv i ty  when  used as t he  buffer  in the  
ATPase  assay incuba t ion  medium,  c) Tris has  a pKa  of 
8.3 and  thus,  is an inappropr ia t e  buffer  a t  p H ' s  of less 
t h a n  7.3 (even t h o u g h  of ten  used at  those  pH's ) .  This, 
too, p roduced  decreased (Ca-Mg)ATPase act iv i ty .  How-  
ever,  Tris inh ib i ted  (Ca-Mg)ATPase ac t iv i ty  no more  than  
o the r  buffers  (e. g., TES,  ACES and H E P E S )  t h a t  would 
be good buffers  a t  p H  7.1. 
The mechan i sm of the  buffer  effect  is no t  clear. The da t a  
d e m o n s t r a t e  s ignif icant  differences based on buffer  com- 
pos i t ion  at  a given pH.  The mechan i sm is no t  osmola r i ty  
differences since th is  factor  was kep t  co n s t an t  and  prob-  
ab ly  no t  ionic s t r en g t h  effects  because there  was no 
corre la t ion be tween  the  pK~ of a given buffer  and  the 
resul t ing (Ca-Mg)ATPase act iv i ty .  This work suggests  
t h a t  buffer  effects  m a y  account  for some a p p a r e n t  dif- 
ferences in (Ca-Mg)ATPase act ivi t ies  repor ted  f rom vari-  
ous laborator ies .  

Influence of dilferent buffers on (Ca-Mg)ATPase activity 

Incubation buffer pK~ n (Ca-Mg)ATPase Maximal 
added activity activity (%) 

224 mM histidine 6.05 9 3.42 ~ 0.23 n.s. 100 -E 7 
40 raM-40 mM 
histidine-imidazole (6.55) 9 3.41 i 0.24 100 -E 7 
95 raM-95 mM 
histidiue-imidazole (6.55) 3 3.23 4- 0.48 n.s. 94 • 14 
165 mM imidazole 7.05 9 2.86 :~ 0.19" 84 :~- 6 
158mM BES 7.15 4 2.77 ~ 0.24* 8 1 i  7 
158 mM MOPS 7.15 4 2.53 i 0.26* 74 -r 8 
141 mM TES 7.5 4 2.27 ~- 0.21" 66 i 6 
174 InM ACES 6.9 9 2.26 • 0.16" 66 -4- 5 
125 mM Tris 8.3 10 2.24 -t- 0.11" 65 ~2 3 
139 mM HEPES 7.55 4 2.10 ~= 0.16" 61 ~- 5 

(Ca-Mg)ATPase activity ([/.mole Pl/mg protein/h, mean J_ SE) was 
deternfined for RBC membranes incubated in different buffer systems. 
All data were compared to that of 40 raM-40 mM histidine-imidazole 
buffer by Student's t-test, pK~ s in parentheses are calculated pK~'s. 
*Significantly less than 40 raM-40 mM histidine-imidazole buffer, 
p ~ 0.0005. 
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