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Quinones from other n-Jicroorganisms have been examined ; ho\vevcxL n i: >~t]~ respect 
to other electron carriers, t E S T E R  AND C R A N E  ll- have found boll, a benze, c~ui~:one 
(Qs) and a naphthoquip, one in Kscherichia coZi; the benzoquino~ ~. ':,~ ~ p~c:!ent fl~ a 
high concentration only in cells grown aerobically. In .+he preseni studie~ {:]TJ:ee qui- 
nones have been crystallized from E, coZi: a vitami~n. K,--like napthoq~finc>:, ~md two 
benzoquinones, one >.i~b an absorption maximum at 260 my, a,,'~d 1:he ,1:her a~ 
270-275 raft. The three quinones were distinguishable by  chromatogrgq?i y a;,:) were 
present in cells gro\~4~ aerobica]iy. Under  a.naerobic conditions ~,he concentrat ions 
of the various quinone:~ were a]tered. I t  is diffmult to quant i ta te  the ~Tu{~3o~e~ because 
of losses during fractionatJon and overlapping spectra; however, i1: appears t]-t~.1: under  
anaerobic conditions the napthoquinone and the 270 benzoquJ>ox~e are d{> inist~ed 
in concentration, wbiie the other benzoquino~e is increased. The beteroge,:,eity oi: 
these compounds in tiffs facultative anaerobe may provide inform,~tTo:~ ccmccrnin~ 
the biological role of t]~e various benz, o -and  naph thoquJnones, a~d the effects of these 
compounds on oxidatix.e phosphor3qatJon in E. cob: are being ]nvestiga!,ed. 
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Preparation and properties of glutamic dehydrogenase 
from human placenta 

The oxidation of L-gh~t~,mic acid b37 hnman placenta loins been o] >s,: :-vc'd ~ ]';!~* {:be 
properties of the place~t~d enzyme ~ere not studied, The key role of t:his e~zyme in 
intermediary metabolJsu-~ and the evidence tha t  its rate is under 7~o:-monal control e 
led us to compare the properties of the placental and ll~er enzymes 
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For each enzyme preparation, 2-4 fresh human placentas were trimrned free of 
cord and membranes, cut into sixths, washed free of adherent blood and immersed 
in ice-cold 0. 9 O//o NaC1. The tissue was scraped free of gross connective-tissue strands 
and homogenized in 2 vol. of ice-cold o.15 M KC1 for I rain in a Waring Blendor. The 
crude homogenate was centrifuged for IO rain at 700 :/, g at o ° in an angle-head 
centrifuge to remove fibrous tissue and debris. The resulting homogenate was strained 
through four layers of fine-mesh cheese-cloth and centrifuged at 8000 × g for 30 min 
at o ° to sediment the mitochondrial fraction. An acetone powder of the mitochondria 
was prepared in the usual way at - -  15 °, and extracted twice with IO vol. 0.05 M 
potassium phosphate buffer, pH 7.4, for 30 rain at roomtem perature with continuous 
gentle stirring. The aqueous extract was centrifuged at 8000 × g for IO rain at o ° to 
remove the sediment. 0.5 vol. of Na2SO ~ saturated at 380 was added to the aqueous 
extract slowly with continuous gentle stirring, the solution was stirred for an additional 
io rain, and the resulting precipitate was removed by centrifugation at 15 ° for Io rain 
at 8000 × g. 0.33 vol. Na~SO 4 was added to the supernatant fluid and the fraction 
precipitating between 33 and 5o % saturation was similarly removed and dissolved in 
0.05 M potassium phosphate buffer, pH 7.4, of approximately o.I the volume of the 
aqueous extract. The light straw-colored solution could be stored at - - 1 8  ° for at 
least one week with less than 5 % loss in activity; thawing and re-freezing did not 
result in loss of activity. 

The assay for glutamic dehydrogenase was similar to that of STRECKER 3 except 
that the increment in absorbancy between readings made at 30 and 60 sec after 
addition of the final reactant was taken as a measure of the enzyme activity. The values 
reported were determined in 0.05 M potassium phosphate buffer, pH 7.4. Protein was 
measured according to LAYNE'S modification of the method of WARBURG AND 
CHRISTIAN 4. When the original homogenate was assayed, KCN was added to a final 
concentration of lO -3 M and protein was determined by multiplying the nitrogen 
content by 6.25. 

The results of a typical preparation are shown in Table I. Approximately 2000 
units of activity in the aqueous extract were obtained from each placenta used in a 
preparation. Estimation of glutamic dehydrogenase activity of the whole homogenate 
from four different preparations gave an average specific activity of 0.08; the overall 
purification of the enzyme ranged between 6oo-and IOOO-fold from the original homo- 
genate and 5-fold from the aqueous extract of the acetone-dried mitochondria. The 
enzyme preparation was not homogenous in filter-paper electrophoresis in 0.02 M 
barbital buffer, pH 8.6. 

T A B L E  I 

PURIFICATION OF GLUTAMIC DEHYDROGENASE FROM HUMAN PLACENTA 

Step Volume Tota~ aclivily Total protein Specific activity Yield 
ml units* mg uni!s]mg protein % 

Aqueous e x t r a c t  of acetone powder  235 9860 811 12.1 ioo  
(4 p lacentas)  

Na2SO 4, 33-50% satn.  25 600o 99 6o.3 61 

* One un i t  of enzyme  is the  a m o u n t  which  causes a change in  abso rbancy  of o .ooi / ra in .  

Abbrev ia t ions :  DPN,  d iphosphopyr id ine  nucleot ide ;  TP~N, t r i phosphopyr id ine  nueleot ide .  

t~iochim.  B i o p h y s .  Ac ta ,  40 (196o) 552-554 



554  SHORT COMMUNICATIONS 

TABLE IY 

M I C H A E L I H  C O N S T A N T S  O F  P, E A C T A N T S  i N  GLIdTAMAT]~2 OXIT)ATKON 

Glutamate `̀ ')44" ] °-s ~.55"7° ; 
DPN 3.7";" ~o s 7.05- ~c" ~ 
TPN 7.3 2.~o c, s.96-~0 -~a 

* Es t imated by mctl~od of least squares f rom tl~e usual LJNE',VEAVER B~TR~': t:ra.~sY<~rmatirs? 
in which Y -- J/v, X : ~/[.<7 . 

** Standard error, calculated accordi~g to S N 2 E D E C O R  ¢' ~YO!]] the leasi;-sq~ar.~,~ rma.lvsem 

Homogenates of Eve!: and kidney from a human  fetus of 19 ax eej;s gestationa] age 
each contained about  ~o times as much act iv i ty  per mg proteili a~ did term placenta;  
the placenta, of this fetus contained the same amoun t  of act ivi ty  as tc~.n ~, placenta, 

Like the liver enzyme 3, human placental  glutamJc dehydrogenasc, will accept 
either DPN or TPN as coenzyme, al though the act ivi ty  with TPN is c.~]y abo~t one- 
third tha t  with equimoiar DPN. The pH opt imum for tl~e forward reaetJoyl (g-]utamale 
oxidation) in 0.2 3S phosphate buffer was 8.5--8.6. This value is id<.'J~t-ic;~] vdth tha t  
reported bv STRECIeER 3 for the crvstailine enzyme from beef ii'..<.~:. T]?e enzyme 
prepared by  eLSe> .,'~x> AXHNSEN ~ showed a pH opt imum at .7.7 wade~: sinWa~: 
conditions. The Michadis constants  ('Fable II) of the %rward reactio~a ;'grce w:it]~ 
those reported for the cl:ystalline enzyme from beef liver. Tl~e preparat ion )leveed no 
alcohol dehydrogenase, corticosterone dehydrogenase, or hydroco~i:isorJe d, hydro- 
genase activity.  Neiti~er L-aspartate nor ~)L-a-metb;,qglutamate v,;~? oxT,'.iiscd 7:,y th.'. 
enzyme under  the conditions of tlne uswd assay. Lactate  was dell3 droge~r.~tcd :,i: a.bomi 
one-tlnird and z-glutamine at abo~t oJ~e-ha!f the rate of glut;_~n~ai:c. Who~. tl~csc 
substrates were each added togetl~er with g lu tamate  the rates were additive. TI~is 
suggests tha t  lactic dehydrogenase and glutami~le deami.,-,ase w,~re :re:-:unt i~ tI~ese 
p r e p a r a t i o n s  r a t h e r  tha~] t h a t  these  s u b s t a n c e s  ser, .e as subs t~a tes  re, ~ glm:an-, ic 

dehydrogenase. 
The characteristics of L-glutamic acid dehydrogen;~se of human p]aee~ia are ~'e1737 

similar to those of the enzyme prepared from beef liver. 
These invest igat ions ~ere aided i~ par t  by grants from the Cha~rle,.-; A. Ki::~g a~uJ 

Marjorie King Fund  and from Grant  C ~4oo, Nationa] Institute~.~ of He~dth, U.S. 
Public Health Service. 
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