
SCIENCE 

VOL. 102 JULY No, 2636FRIDAY, 6, 1945 

On the H r  Factor and the R h  Genetic Theory: DR. 
PHILIP LEVINE .......................................................................................... 1 

Scientific Events : 
The Ipat ie f  High Pressure and Catalytic Labora- 
tory of Northwestern 17ni.versity; New Lecture 
Room V M  Aids at Colorado Agricultural and 
Mechanical College; Th.e New England Association 
of Chemistry Teachers; Ware Cattell ,us. The Amer- 
ican Assooiation for the Advancen5ent of Science 
Settled for $7,500 b y  Consent. Judgment ...................... 4 

Scientific m t e s  and News .......................... 6 


Special Articles : 
Lycopersicin, a Fungistatic Agent from the Tomato 

Plan): DR. GEORGE W. IRVING,
JR., DR. THOMAS 
D. FONTAINEand DR. S. P. DOOLITTLE.Asper-

gillus Ustus: JOSEPH
M. KURUNG.The Ef fec t  of 

,Cysteine on Streptomycin and Streptothricin: DR. 

R. G. DENKELWATER, &.I.A. COOK and DR. MAX 
TISHLER. The  Hechanism of Pain in. T r i g e m i d  
Neuralgia: RICHARDC. KARL, GEOWE E. PEABODY 
and DR. HAROLD G. WOLFF ..........................................................9 

Scientific Apparatus and Laboratory Methods: 
Synthetic Latex as  Injection Mass for Closed Ves- 

sels: DR. JAMES
M. SANDERS.A New Laboratory 
Shellac :PROFE'ESSOR ........................ l4THEODOREKOPPANYI 

Discussion : 
Inactkation o f  the Irritant Toxicants o f  Poison Izly 

and Poison Oak: JAMES
B. MCNAIR. The Names 

of Fossil Men.: PROFESSORGAYNOR
F. EVANS. 

The  Reaotwn of Pitamdm A wi th  Lieberman-

Burcharrd Reagent: EUGENE D. ROBIN. Opiniim 

153 of  the Intern.ationa2 Commission o f  Zoological 

Nomenclature: WILLIAMF. RAPP, JE. Scientific 

Papers for Europe: PROFESSOR
T. D. A. COCKERELL 16 

Scientific Books: 

Mankind: DR. CLARK WISSLER. General Chem-

istry: PROFESSOR 19
CECILV. KING. Books Received 

Science News ............................................................................................... 10 


Index t o  ~ o l .  GI ....................: i 


SCIENCE: A Weekly Journal, since 1900 the official 
organ of the American Association for the Advancement 
of Science. Published by the American Association for 
the Advancement of Science every Friday at  Lancaster, 
Pennsylvania. 

Editors: JOSEPHINE CATTELL and OWEN JAQUES 
CATTELL. 

Policy Committee: MALCOLMH.  SOULE, ROGER ADAMS 
and WFTER R. MILES. 

Adzlertising Manager: THEO.J .  CHRISTEXSEN. 

Communications relative to articles offered for publication 
should be addressed to Editors of Science, 34 Gramercy Park, 
New York 3 N. Y.

~ouinluni~ation~ should be addressed relative to ndvertisin 
to T H E O .  CHRISTENSENAdvertising danager, Smithsonian
Infititution Building, \\'Xshington 25, D. .C.

Com~nuuications relative to membershp in the Association 
and to all matters of business of the Association should be
addressed to the Permanent Secretary, A.A.A.S., Smithsonian 

Institution Buiiding, Washington 25, D. C. 

Annual subscription, $6.00 . Single copies, 15 cents 


ON THE Hr FACTOR AND THE Rh GENETIC THEORY 
By Dr. PHILIP LEVINE 

ORTHO RESEARCH WUNDATION, LINDEN, N. J. 

INthe recent discussions on the genetics of the R h  
multiple alleles, no provision is, as  yet, made f o r  
the role of a gene determining the Hr factor.lp2 This 
agglutinable property mas described very early in  the 
course of the studies on the pathogenesis of erythro- 
blastosis fe ta lk3  It was advisedly designated by 
Levine4 as  Hr (reversal of the letters Rh) because of 
peculiar relationship to  a special variety of anti-Rh 
sera, now designated anti-Rh'. This is indicated in  
Table 1,which gives, a t  the same time, the four  sub- 

1 R. R.Race, G. L. Taylor, K. E. Boorman and B. E. 
Dodd, Nature, 152: 563, 1943. 

2 A. S. Wiener, SCIENCE, 100: 595, 1944. 
3 P. Levine, L. Burnham, E. &.I.Katzin and P. Vogel, 

Am.  Jour. Obstet. and Gyfiec., 49: 925, 1941. 
4P. Levine, Yearbook of Path. and Immunol., 508, 

1941. 

types of R h  and their frequencies resulting from the 
reactions of anti-Rho and anti-Rh' sera. 

From the .beginning of the studies on erythroblas- 
tosis fetalis, Levine has held to the view that  the 
relationship of the anti-Hr and anti-Rh' sera is 
analogous to that of anti-M and anti-N sera. I n  
other words, only three types of reactions a re  ob-
served, and i n  both systems bloods failing to  react 
with both anti-sera were never found. It was only 
af ter  hundreds of bloods were tested that the term 
Hr and anti-Hr were designated. These results were 
not published more fully because it was clear that the 
first anti-Hr serum was of we& activity and gave too 
many negative reactions. 

Subsequently, Race and Taylor described a similar 
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TABLE 1 

BASEDO N  TESTSWITH 334 RANDOMBLOODS( W H I T E ) 


CARRIEDOUT I N  APRIL,MAY AND JUNQ,1941" 


* At the written request of Dr. \jriener, the scheme of the
~eactions indicated was made available to him for inclusion 
In the third edition of his book, "Blood Groups and Tmns- 
fusion," pp. 253-264 (C. C Thomas). 

serum (called S t )  which contained more potent agglu- 
t i n i n ~ . ~These workers niade the significant observa- 
tions that individuals whose blood is H r  negative are 
homozygous for  the Rh factor. At  this point of their 
studies, only anti-Rho sera were at  their disposal so 
that they were not aware of the fact that  all bloods 
of the subtype Rh,, whether homozygous or hetero- 
zygous, react strongly with anti-Hr s e m 6  As pointed 
out by the writer,7 individuals of the genotxpe Rh,Rh,, 
although heterozygous and reacting with anti-Hr sera, 
possess two dominant genes, Rh, and Rh,, each deter- 
mining the presence of a dominant agglutinable blood 
factor capable of inducing isoimmunization of the R h  
negative mother. Accordingly, the genetically hetero- 
zygous Rh,Rh, individual may be considered clini-
cally as  homozygous, since i n  matings with Rh negative 
women, all offspring must be Rh positive and therefore 
susceptible to erythroblastosis fetalis. These findings, 
published i n  1943, are presented i n  Table 2, i n  which 
the gene determining the rare property Rh' is not 
included. 

TABLE 2 

Reaction with 
Phenotype Genotype 

Anti-Rho Anti-Rh' Anti-Hr 

Rhl Rh3Rhl + t 0 
Rh~Rhz + i -i-
Rh~rh -t + -+ 

Rhz RhzRhz + 0 +
Rharh + 0 + 

Rh- rhrh 0 0 + 

Nevertheless, the contribution of Race and Taylor 
is important because the genotype Rh,Rh, is f a r  more 
frequent than the genotype Rh,Rh,. With this ob- 
servation, the analogy to the M and N relationship 
was still closer, since the homozygous M (MM) can 
not be differentiated from the heterozygous M (MN) 
with the aid of anti-ill sera.8 This differentiation can 

5 R. R. Race and G. L. Taylor, Nature, 152: 300, 1943. 

6 See Table 1. 

7 P. Levine, Jour. Pediatrics, 23 : 656, 1943. 

6 K. Landsteiner and P. Levine, Jour. Exp. Xed., 48: 


731, 1928. 

be made only with anti-N sera. Similarly, individuals 
of the genotype Rh,Rh, can be recognized by the 
failure of their blood to react with potent anti-Hr 
sera. 

The scherne glven in Table 1is now enlarged with 
the description of a third variety of anti-Rh seruin 
reacting with 30 per cent. of rand0111 white incli-
v i d u a l ~ . ~ , ~ * ~ ~This serum subdivides, but in  unequal 
portions, each of the four  R h  varieties, thus making 
eight different subtypes of Rh. 

Wiener2 has stated that "the anti-Hr sera have a 
place in  the scheme of R h  blood types similar to that 
of the ant i -0 sera in  the blood group scheme." 111 

support of his view, he states that ". . . ant i-0 sera, 
like anti-Hr sera, are  .usually of low potency." I n  
this he obviously is in error, because anti-EIr sera are 
usually of weak activity because of statistical consid- 
erations and not out of genetic necessity. I ~ e v i n e ~ . ~  
has shown that 92 per cent. of all mothers of erythro- 
blastotic infants are  Rh negative i n  tests with the 
potent diagnostic anti-Rho sera. Of the remaining 
8 per cent. Rh positive mothers, only a fraction (let 
us assume 3 per cent.ll) are H r  negative and immun- 
ized by the H r  factor in  fetal blood. It is, therefore, 
obvious that the chances fo r  detecting equally potent 
anti-Hr and anti-Rh sera are 1:30. This value nlay 
be considered as tentative and the disproportion niay 
be niuch greater because the R h  factor is f a r  more 
antigenic than IIr. Actually, there are more incom- 
patible matings fo r  Hr (80 per  cent. H r + x  20 per 
cent. Hr- or 16 per cent.) than for  R h  (85 per cent. 
Rh+ x 1 5  per  cent. Rh- or 1 3  per cent.). 

I n  support of the views presented, Levinel2 has 
observed two potent anti-Hr sera, and reference to  
one of them has been reported elsewhere. Another 
anti-Hr serum now being investigated has a titer of 
a t  least 1:512, a value which approximates those of 
the most potent anti-Rh sera.13 

This anti-Hr serum failed to yield quantitative titra- 
tion differences of bloods homozygous and hetero-
zygous for  H r  factor. Qualitative differences, how- 
ever, were observed, R h  negative and Rh, bloods 
giving stronger reactions. By analogy all bloods 
homozygous for  N give stronger reactions with anti-N 
sera than the heterozygous type MN. 

On purely theoretical grounds of a serologic nature, 
Wiener's views can not be accepted because anti-13r 
and anti-Rh sera share the identical properties of 
origin (isoimmunization) and greater activity a t  37' 
C. (warm agglutinins). Furthermore, there is no 

9 A. S. Wiener and E. B. Sonn, Jour. Immunol., 47: 
461, 1943. 

10 A. S. Wiener, SCIENCE, 54: 316, 1943. 
11 This value is arobably too high. 
1 2  P. Levine, ~ r c h .  pati., 32: 227, 1941. 
13 For this serum the writer is indebted to  Dr. Peter 

Vogel. 
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reason to assume the existence of any differences i n  
their pathological effects on the fetus and newborn 
infant. On the other hand, there are several striking 
characteristics which differentiate human anti-0 agglu- 
tinins from normal anti-A and anti-B isoagglutinins 
(incidence, potency and action a t  various tempera- 
tures). Certainly, there is  no basis f6 r  excluding the 
H r  gene from any theory of the heredity of the vari- 
ous subtypes of the Rh factor. 

Most workers believe that the R h  factor may be 
inherited as  a series of multiple alleles, and indeed this 
is to  be expected on the basis of past experience with 
agglutinable factors in  animal blood detected by iso- 
immunization. It can be assumed that agglutinable 
properties detected by heteroimmunization like M and 
N exhibit simple genetic behavior i n  contrast to  the 
agglutinable factors in  chicken, rabbit and human 
blood detected by isoimmunization. I n  the latter 
group of the cases, the blood properties seem to be 
inherited as a series of multiple alleles. 

Presumably, the H r  factor was not included i n  the 
Rh genetic scheme because it  did not seem to fit into 
the theory originally suggested by Wiener on the basis 
of studies which, until very recently, did not include 
anti-Hr sera. Undoubtedly, the genetics of the Rh-Hr 
system may be still more complicated than is indicated 
in  the schemes of Wiener, Race and Taylor. 

Further support of this view was recently provided 
by Waller, Levine and Garrow,14 who described a n  
anti-Rh serum of unusual specificity, produced by a n  
Rh, mother of a n  erythroblastotic infant. This serum 
contained a n  anti-Rh' agglutinin, but in  addition, a n  * 

entirely new agglutinin which acted on sonie Rh, and 
many Rh negative bloods. Accordingly, this agglu- 
tinin was distinctly different i n  its specificity from 
anti-Rh". Furthermore, the blood of this immunized 
woman reacted with anti-Rh" sera. 

I n  general, the experimental work i n  this field is 
hampered by the dearth of potent reagents of all 
varieties which must be derived mainly from immun- 
ized mothers, a t  best a most uncertain source. Work-
ers are naturally tempted to carry out heredity and 
racial studies with whatever rare  reagents niay be 
available a t  the time. This is well illustrated in  recent 
numerous publications on the Rh, factor carried out 
with a particular serum which contained anti-Rh" but 
also anti-Rho agglutinins. The dilution method for  
the separation of the anti-Rh" agglutinin failed to 
give clear-cut differentiation.15 Another exalnple is 
the use of a weak anti-Hr agglutinin, the activity of 
which disappeared in the course of the study.l6 

14 R. K.Waller, P. Levine and I. Garrow, Ant. Jozcr. 
Clin. Path., 14: 756, 1944. 

15 R. E. Waller and P. Levine, SCIENCE, 100: 453, 1944. 
16 A. S. Wiener, I. Davidsohn, and E. L. Potter, Jour. 

Emp. Med., 81: 63, 1945. 

NCE 

Our knowledge of the Rh factor is slowly being ex- 
tended so that no final theory can be accepted because 
the subject is still in  a fluid state. The calculation of 
gene frequencies in  support of the current theory of 
nlultiple alleles may perhaps be proven to be correct. 
On the other hand, such calculations may also be mis- 
leading as  happened in the case of the two heredity 
theories of the four  blood groups. Thus, the gene 
frequencies, on the basis of the now discarded theory 
of v. Dungern and Hirszfeld, seemed to fit the ob- 
served values obtained from studies of families and 
races. It is significant that the current theory of 
Bernstein was accepted as  a result of statistical studies 
involving the rarest of the four  blood groups, i.e., AB. 
The state of affairs in  the case of the genetics of the 
R h H r  system is certainly f a r  more involved, both froni 
the point of view of technic and the availability of 
potent reagents. An  additional complicating factor is 
the existence of several subtypes of remarkably low 
incidence. 

Unfortunately, there are  already several terminoIo- 
gies of the R h  subtypes, i.e., those of Wiener2 ancl 
Murray, Race and Taylor.17 I n  the more or  less dis- 
tant future, i t  will undoubtedly become necessary f o r  
an international committee of geneticists and serolo- 
gists to  recommend a uniform terininology. This, 
however, can be done only after the analysis of family 
and racial studies, carried out with all yarieties of 
inaximally active reagents. Such studies must, of 
necessity, be on a vast scale i n  order to evaluate the 
role of the very rare  subtypes, determined by the 
factors Rh', Rh" and the new factor of Waller, Levine 
and Garrow. 

Because this subject is clinically important, one can 
hardly expect the clinician to commit to memory a t  
this stage several genetic schemes of phenotypes and 
genotypes. Fortunately, this is not necessary, nor 
indeed, is i t  desirable. I t  follows from the statistical 
studies of mothers of erythroblastotic infants and the 
direct correlation of the frequency of erythroblastosis 
fetalis in  any race to the incidence of Rh negative 
individuals,l83 l9 that the anti-Rho serum is the most 
important single reagent fo r  the diagnosis of erythro- 
blastosis fetalis and prevention of the associated and 
frequently fatal  intra-group transfusion reactions. 
Ninety-two per cent. of all mothers of erythroblastotic 
infants are  R h  negative in  tests with the diagnostic 
anti-Rho serum. I n  order to produce evidence of iso- 
immunization in the remaining 8 per cent. of Rh posi- 
tive mothers of erythroblastotic infants, a t  least three 
different blood factors may be involved, (1)the prop- 

1 7  J. Murray, R. R. Race and G:L. Taylor, Nature, 
155: 112, 1945. 

18 P. ~'evine, SCIENCE, 96: 452, 1942. 
1QP.Levine and H.Wong, Ant. Jour.  Obstet. and 

Gynec., 45 : 832, 1943. 
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erties A or B of fetal blood, non-secretor type, (2) the 
Hr factor and (3) finer differences of the R h  factor. 
The report to the clinician in the exceptional Rh posi- 
tive mothers can be worded as  a n  incompatibility 
detected by a particular reagent. I n  any event, i t  
will be necessary f o r  these bloods to be referred to a 
serologic specialist who may or may not have on hand 

potent anti-Hr and the other two varieties of anti-Rh 
sera. So f a r  as  the clinician is concerned, one may 
recommend the simple genetic theory based on the be- 
havior of the diagnostic (anti-Rho) serum, whieh con- 
tains hut a single antibody. A more detailed analysis 
rvhich requires the use of other anti-Rh sera o r  anti-Hr 
serum can be s ~ p l i e d  by the specialist in  the field.' 

SCIENTIFIC EVENTS 

T H E  IPATIEFF HIGH PRESSURE AND CAT- 


ALYTIC LABORATORY OF NORTH- 

WESTERN UNIVERSITY 


THE funds for  the founding of the High Pressure 
and Catalytic Laboratory came from Northwestern 
University and private sources. A par t  of the ap-  
paratus was contributed by the Universal Oil Products 
Company. The idea f o r  such a laboratory was spon- 
sored by Professor W. V. Evans, of the department of 
chemistry, and permission to establish such a labora- 
tory was obtained from the president of the univer- 
sity. The aims of the laboratory have been: 

1. To study catalytic reactions under normal and high 
pressures because of their theoretical as well as their in- 
dustrial importance. 

2. To give students in chemistry and engineering not 
only theoretical but practical knowledge of tlle main types 
of catalytic reactions and the properties of catalysts. 

During the fir& five years of the existence of the 
laboratory the work has dealt mainly with the ap-  
plication of catalysts i n  the field of terpenes, as 
follows : 

1. A metllod for obtaining terpenes from solutions of 
terpene alcohols by dehydration in the presence of very 
dilute inorganic salts such as magnesium chloride, am-
monia chloride, etc. 

2. A new method of determining the presence of three, 
four and five methylene rings in di-cyclic terpenes. 

3. A study of alkylation of terpenes with aromatics in 
the presence of various catdfits. 

4. A new cyclic isomerization of limonene into a new 
di-cyclic terpene. 

5. A study of the transfer of hydrogen in the terpene 
series in the presence of no hydrogenation catalyst. 

F rom the student's point of view the following pro- 
grams are  in  progress: 

A. Students perform experiments on hydrogenation, 
oxidation, isomerization, polymerization, alkylation, etc. 
B. They become acquainted with and prepare tile main 

types of catalysts. 

The equipment of the laboratory consists of the 
following : 

1. Ipatieff type bombs of various sizes and models 

which can withstand pressures up to 400 atmospheres a t  
500° C. temperature. 

2. Special type bombs for the study of the solubility 
of gases and critical temperatures, which allow the re-
moval of small portions of the reactants during the reac- 
tion for study. 

3. Turbo mixer type bombs which rapidly mix the 
reactants during a reaction. 

4. Special apparatus for the study of continuous reac- 
tions under pressures up to 130 atmospheres. 

5. Special bomb-proof units where theae high pressure 
reactions can be carried out. 

The laboratory is under the control of Dr. V. N. 
Ipatieff, an autherity on high pressure reactions and 
a pioneer in  the field of catalysis. 

Dr. Ipatieff is assisted by Professor Pines, who 
gives lectures on catalysis in  the department of chem- 
istry. Professor Pines has been associated with Pro- 
fessor Ipatieff in his major discoveries of the past 
fifteen years. 

The war has interfered with the development of this 
laboratory both by taking away prospective students 
and by making i t  impossible to secure needed appa- 
ratus. As soon as  i t  is possible to do so, the labora- 
tory will be enlarged, and its accommodations in-
creased. A large number of students and research 
associates taking 'graduate work along .the lines of 
catalysis and high pressure are  expected to take part. 

NEW LECTURE ROOM VISUAL AIDS AT 

COLORADO AGRICULTURAL AND 


MECHANICAL COLLEGE 

EIGHTEEN mural paintings depicting the epochs of 

geologic time through representationsof various 
plants and animals from the pre-Devonian period 
through succeeding epochs to modern times have been 
painted on 500 square feet of the walls of the botany 
building lecture room a t  the Agricultural and Me-
chanical College, For t  Collins, '~o lo .  

were painted during the summer of 
the murals have continued to attract increased atten- 
tion and have been accorded growing favorable com- 
ment by students, faculty and visiting botanists and 
geologists. 

The 7-foot panels done in oil by Dr. L. W. Durrell, 


