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phologioal studies of South Bmerican forage plants in of California, Ri~erside, and with scholars in the U. S. 
collaboration with Dr. Agnes Chase a t  the United States Department of -4griculture, and EDGARDDO - ~ M A R A L  
National Museum; AGESILAU ANTONIOBIT-~NCOURT,sub- GFL~NER,technical assistant in the Institute of Agronomy 
director of the SLo Paulo Biological Institute, who will and lecturer in the LILuiz de Queiroz" School of Agri- 
make a study of the virus diseases of citrus and of fungus culture, Piracicaba, Brazil. His project is to study the 
parasites on other economic plants, with Dr. H. S. Faw- citogenetics of corn and tobacco chiefly with Professor 
cett a t  the Citrus Experiment Station of the University T. H. Goodspeed, a t  the University of California. 

SPECIAL ARTICLES 
T H E  ORIGIN O F  T H E  R E T E  APPARATUS 

I N  T H E  OPOSSUM 
THE system of male genital ducts in vertebrates is 

mainly derived from mesonephric structures, preserved 
and readapted to another function. The mesonephric 
duct and a number of anterior tubules become the 
ductus deferens and ductus epididymidis, and the 
epididymal tubules, respectively; while connectlion 
with the gonad is established by means of the rete 
elements, which occupy an intermediate position a t  
the hilum. These elements typically anastomose freely 
in the hilar region but connect as  discrete ductules 
with the prospeative epididymal tubules at  the glomer- 
ular capsules. 

While there is agreement as to the development of 
ductus deferens and epididymis, the problem of the 
origin of the rete apparatus has received many an-
swers. Historically, i t  has been derived, according to 
different studies, from (1)cord-like outg'owths of the 
glomerular capsules which penetrate the hilurn of the 
gonad to unite with the medullary cords; (2) con-
versely, by extensions of the medullary cords through 
the mesorchium to unite with the capsules; (3)  as an 
independent, local development a t  the hilum, with con- 
nections established secondarily in both directions. 
Considering the dirersity of forms studied, the differ- 
ences of opinion are  not surprising. The extensive 
literatwe is best approached through the medium of 
recent general discu~sions.~. 

I n  nzarn~nalsthe problem is complicated by the rudi- 
mentary nature and transitory development of certain 
of the structures involved. Consequently, if we ac-
cept fo r  the purpose of this discussion the prevailing 
view that the rete apparatus has an independent origin 
locally, we still encounter widely different opinions as 
to the nature and precise manner of origin of the 
earliest visible p r i m ~ ~ d i a .  One view of doubtful value 
holds merely, (a)  that the rete connections arise as 
local condensations from the primary mesenchyme; a 
second ( b )  derives them from an ill-organized cellular 
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blastenla, probably originating from the adjacent 
coelonlic epithelium ;*# 5 *  while a third opinion (c) 
asserts a highly specific origin from discrete epi-
thelial cords (sometimes tubular ingrowths) arising 
from the coelomic epithelium of the anterior genital 
ridge.**9*  lop I n  the last category, the resemblance 
which these structures bear to abortive nephrostomes 
or nephrostomial canals is frequently noted and dis- 
cussed; however, only one author without hesitation 
describes them as such.lO I f  this interpretation is 
correct there is a considerable accumulation of evi-
dence from a number of mammals placing this group 
in line with a condition clearly established in certain 
lower ve'tebrates.l2, l3 This view would also identify 
the rete system with other parts of the male duct 
system, as a transformed mesonephric structure. 

Nuch the same problem exists regarding the origin 
of the &Iullerian duct, in particular the ostial ingrowth. 
I n  selachians this duct is still held to arise by a gradual 
backward splitting of the Wolffian duct, but in  higher 
classes it develops by invagination of a localized area 
of ciliated coelomic epithelium a t  the anterior pole of 
the mesonephros. The ostium thus formed gives rise 
to the remainder of the duct by backward growth. 
The invaginating epithelium has been frequently, if 
rather loosely, identified with one or more mesonephric 
(or pronephric) n e p h r o s t ~ m e s . ~ ~  3* 

I n  view of the interest attaching to these structures, 
from the standpoint of comparative morphology as  
well as embryology, their development in the North 
American opossum (Didelphys virginiafia), a primi-
tive type of marsupial, deserves description. The 
process is similar to that described by Fraserl1 fo r  cer- 
tain Australian marsupials (especially Tricllosurus), 
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and to the brief outline given for  Didelphys aurita by 
the same author; however, the clear-cut relationship of 
the rete cords to the coelomic epithelium, and the char- 
acteristics which relate them to nephrostomial canals, 
are particularly distinct in Didelphys 2;irginictmo,.14 
The account that follows is a brief recapitulation, 
emphasizing features that are especial11 clear in the 
material. A full account will appear elsewhere at  a 
later date. 

At birth the genital riclge (as in Trichosurus) is 
already distinctly marked off into an anterior region, 
the ~ e t e  riclge, slender and virtually lacking in germ 
cells, and a posterior gonctd regiolz. The latter is still 
sexually undifferentiated save in  exceptional cases. 
Both gonad and rete ridge are closely applied to the 
ventro-medial surface of the mesonephros, in intimate 
relation with a series of glomerular capsules. Within 
the rete ridge appear numerous irregular epithelial 
cords, frequently in contact with one another and with 
the capsules. A t  intervals these cords are seen to 
reach the surface of the ridge, where they are con-
tinuous with the covering coelomic epithelium. Fre-
quently they appear tubular even a t  this early stage. 

Development is slow for  a time, but by 10 days, 
when the gonads are well differentiated, the cords 
within the ridge form a compact bunclle of rete canals, 
lined with a densely staining epithelium. Toward the 
hilum of the gonad they merge gradually into a single 
large duct; toward the mesonephros they diverge a s  
discrete tubules which unite individually with glomeru- 
lar capsules. The primitive connections with the 
coelomic epithelium are now wide, funnel-like canals 
(6-8 typically) lined with the same massive epithelium, 
which also spreads over the surface of the ridge, with 
an abrupt transition to mesothelium of ordinary coe- 
lomic type. Longitudinally, this epithelium forms an 
irregular band along the crest of the ridge, and is 
continuous at the anterior end of the ridge with the 
ostium of the Mullerian duct. I t  is during this period 
that the JIullerian duct is developing. The plan and 
relationships of the system, a t  the height of its devel- 
opment, are shown in Fig. 1. 

At twelve to fourteen days a sex difference is usually 
found, although there is great variability. I n  most 
males the funnel-like ducts joining the rete canals with 
the coelom, are retrogressing. I n  some specimens they 
have virtually disappeared, but may be seen in others 
as late as twenty days. I n  females they remain open 
indefinitely and a t  seven weeks still retain their original 
relationships, opening on the surface of the meso-
varium in continuity with the fimbriated margin of the 
ostium. 

Thus in males the rete canals, in adaptation to their 
eventual function, lose their primary communications 
with the coelom comparatively early. I n  the female 

i4R. I<.Burns, Jr., Anat. Rec., 79 (Supplement), 1941. 

the1 remain open indefinitely, and the rete itself per- 
sists as  a well-developed structure in the adult ovary. 
I t  has been shown that male hormones evoke this sex 
difference in females by effecting early closure of the 

P L A N  OF THE RETE APPARATUS I N  DIDELPHYS VlRGlNlANA 

FIG.1. Plan of the rete system in Didelphys uir-
giniana; a composite of conditions encountered between 
1 0  and 20 days, pouch life. The large arrow indicates the 
ostium of the illullerian duct, small arrows coelomic fun- 
nels of the rete canals. 

funnels, with development of a rete and epididymis 
comparable with the normal male parts.15 

The rete apparatus in the opossum appears first as 
a series of cellular cords, or slender canals, arising 
from an irregular band of thickened coelomic epi-
thelium covering the rete region of the genital ridge. 
At the cephalic end of the ridge this band is directly 
continuous with and indistinguishable from t.he area 
that gives rise to the ostium tubae. A number of these -
cords become canalized and appear as wide, funnel- 
like openings leading from the body cavity into the 
rete canals, which are now also tubular. During the 
period when the funnels a re  becoming patent the 
oatial invagination is also developing. I n  males the 
funnels retrogress early, converting the rete canals into 
closed passages, while the ostium tubae also atrophies. 
I n  females, in which the ostium is a functional struc- 
ture, the rete invaginatioils also remain open indefi- 
nitely. 

From the manner of origin and early relationships 
of these canals, from their appearance a t  the height of 
differentiation, and from their behavior during later 
development, it is strongly indicated that, together 
with the ostial invagination, they represent a series of 
persistent nephrostomial canals. Thus the rete canals, 
like other parts of the male genital duct system, are 
derived from preexisting mesonephric structures, while 

15 R. R. BUTIIS,Jr., JOUT.Xorph., 69: 79, 1939. 
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ARGINASE NETICALLY SELF-STERILE P L A N T S  
ARGINASEas compared with the starting material- 

a watery estract from ground beef Ilver-was purified 
50 times, using the common protein separation meth- 
ads. The ferment ~olut ion obtailled dmlved absence 
of catalase, amylase and proteolytic enzymes. Spec-
troscopic examination relealed the absence of hemo- 
globin, myoglobin and cytochrolne C. 

1 0 ~of this protein solution hydrolyzed 30 to 35 per 
cent. of 17.4 illg arginine ~ ~ i t h i n  10 minutes under the 
condition of the experiment. 

INh! bridizatlon experiments designed for  the pro- 
duction of new colors in the various classes of coin- 
nlercially important Petunias, s strain of Golden Rose 
mas discovered that has been found to be completely 
self-sterile under natural conditions. The self-sterility 
in this strain of Petunia behaves in inheritance as a 
simple Blendellan recessive character. By means of 
oultlnas the strain has been In the Bo-
tanical Laboratory of Bucknell rniversity for the 
past fire years. The plants a re  unusually floriferous 

While the addition of Blnt+-ions1 to a crude l i ~ e r  and eberblooming, due, in part at least, to in-
extract is frequently without any effect upon the 

of the it found that in the 
further stages of purlfieation 1InA+-ions are  essential 
f o r  obtaining maxlmum activity of the enzyme. The 
activation of arginase by metallic ions, fo r  instance, 
31n++, is a time reaction requiring about 1 5  mlnutes 
under Ihe condition the ex~erll'lent for obtaining 
optimum ac t i~a t ion .  The optimum p H  for  the puri- 
fied enzyme ( a l t h  or aitllout 3In++-ions) i, about 9.5. 
Other ions, such as Fe+-, Nli+ and Co+- also activate 
the enzylne but to a less extent than nfn+"' Here 
again, howes-er> the o~tilnunlPI' for these Ions 

found to be about 9.5. 

Algillaso (no addition) .35
" t Mn+? .71 
( ' t&I~l+~-vltamln C .7l 
" t CO-+ $53 

.56
' +Ni++ .50
' ' + Fe++ .48
" t FcA+--cysteine .59 

l o r  arginase; 17.4 mg arginine; heavy metal salts 
0,5y; vitanlin c or cysteine l y ;  total volume 1.5 cc 
adjusted to p~ 9.5; incubated for 10 nlinutes a t  
37.50 C. yumbers ~ ~ t h ~ dare nj20 KOH. of deter-
mination mas the ~ i ~ ~methoc12l for~ 
titration of ornithine, modiiied to semi-micro. 

the purified state arginase is quite stable, taler-
atlng dialysis for 48 hours a t  40 C. mlt~lout lossof 

T E ~ ~  solution is also stable a t  this fernlent 
temperature for and its not altered by 
evaporating froln the frozen state to dryness and 
subsequent redissolving. 

~h~ isoelectric point of the enzyme mas found by 
electrophoresis to be a t  p~~ 5.7. ~h~ ins~estigation 
of the ash of the purified enzynle gas,e in one 
case a n  %In-content of 0.08 per  cent. 

G. ~ l e i nand TV. Ziese, Klhn. 'ocrk., 14: 205, 1935. 
2 K. Lindeistroem-Lang, L. Weil and I-I. Holter, 2. 

physiol. Chem., 233: 174, 1935. 

ability to  prodace seeds unless they receive pollell 
froIn plan(s TThich are not honlozygous recessive for 
the self-sterility gene. Although many thousands of 
flon ers were produced during this period and although 
repeated attempts were made to self-fertilize the 
plants. not a single seed capsule was ever produced 
until recent.y when self-fertility l>-as induced by the 
techniques described belotv. 

Clyde Eyster, of the Botany of 
the University of South Dakota, made 
observations of the pollen tubes in  the stiqmas and 
styles of the self-polllnated self-sterlie plallts and 
found that the pollen grams germinate well and 
develop into tubes which extend into the neck of the 
style but rarely if ever grow as f a r  as  one half the 
distance from the stigma to the ovary. I n  styles that 
had been cut three days after they had been self- 
pollinated, Dr. Eyster found that most of the pollen 
tubes gronT only about one tenth of the distance froin 
the stigma to the o v a v ,  while an occasional tube 
grows S O ~ ~ T F - h a t  less than one half of the distance 
down the style. Before any of the tubes reach the 
ovary, the style is cut off from the top of the ovary 
by the formation of an abscissioil layer. Froin these ~ ~ t ~ ~ ~ ~ - ~ ~ 
observations it  appears that the self-sterility i a  the 
Golden Rose Petunia studied is caused by the very 
slow rate of growth of the pollen tubes and the forma- 
tion of a n  abscission layer mhich severs the style horn 
the ovary before any of the tubes enter the latter. 

The pollen of the self-sterile plants was placed on 
the stigmas of normal self-fertile plants and alloived 
to deTelop for  forty-eight hours, At  the end of this 
time the styles were cut, preserved and sent to Dr. 

Eyster f o r  microscopic examination. Approxinlately 
75 per cent. of the pollell grains were found to h a ~ e  
developed pollen tubes of srarqing lengths, including 
nlany extended all the way down the style and, 

3 Xow a t  the Vni~ersity of Pennsylvania. 


