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Soam time ago, a t  a dinner at  the Yale Medical 
School, I Tyaq asked l o  occupy the chair specially 
built f o r  the ITonorable TTilliam IIoward Taf t  rvlien 
he  was professor of jurisprndmce a t  Yale-and was 
niade to feel very, very sinall thereby. S o w  yo11 have 
done rne the honor to link my name, however tenu-
ously, with that of the father of our discipline, 
Stephen Hales. I t  is hard to know whether to be 
inflated by the connection or deflated by the compari- 
son. \Thatever should be niy reaction, I deeply ap-  
preciate the ho~iov. I n  accepting that ironor, I shall 
t ry  not to impose upon your patience after a good 
meal by talking to you too long. 

Stephen EIales's interests, as  a minister of thc 
gospel and a hnnlanitarian, led him to touch upon 
an>-thing whicli coulcl contribute to the 7%-elfare'of his 
i e l l o ~ r ~men ancl redounci to the glory of Almighty God. 
The processes by which God's creatures function in 
their everyday lives could, according to his lights, 
only show the perfection of the i ~ o l k s  of the Great 
Planner. Thus, Kales set to work to dizcorer what 
details he could in  that plan, in  a spirit of humility. 
And, since plants vere  also God's creatnres and Hales 
was a good gardener as well as a good shephe~d,  he 
turned much of his interest to a study of what he 
chose to call "T7egetable Xtatickr." 

I n  Hales's day, the classification of plant parts into 
tissues, proposed by tlie Greelis, and especially by 
Theophrastus, had been for  the niost par t  forgotten, 
and his considerations mere whererer possible of the 
plant as a whole. But  the philosophical analyses of 
Theophrastus and the anatornical work of Grew and 
Xalpighi, Hooke and Loewenhoeck had already laid 
the foundations fo r  another point of T-iew. As our 
knowledge of the living functions increased, so did 
the complexity of the plan revealed increase, until i t  
became a n  alnrost hopeless task to unrai-el the details 
while trying to encoinpass the ~xrhole picture, even as  
regards a single creature. Thns it happened that, 
about a century after Hales's epoch-lnaaking work, 
there came to be fornrulated the so-called cell theory 
which said, in  essence, "It is not necessary to enaoai- 
pass the plan of a plant or anirnal in  its entirety and 
all  a t  once, fo r  each creature is niade u p  of a suru of 
niang smaller, simpler, potentially autonomous organ- 
isms, the cells. Learn to understand tlie plan of a 
single cell. From that the greater Plan can be built 

1 Abridged from the Stephen I-Ialcs Prize Address, given 
before the American Society of Plant Physiologists, Dal-
las, Texas, December 29, 1941. 

up." That theory, while shal'ing the field with the 
olcler concept of the organisrn as a whole, has never- 
tlieless dominated ~ n n c h  of our thoughts as cytologists, 
as  anatoinists, as  geneticists and a s  plijsiologists f o r  
the past century. 

Hales clcx eloped a series of techniques fo r  studying 
the organism as a whole which are  still useful. But, 
as me ha\-e passed from the larger aqpects to smaller 
arid d i l l  srnaller ones, the technical difficnltiea h n e  
increased. To deal with single cells, we irlust have 
methods adapted to that end. Haberlandt saw that 
clearly forty yeari ago and set in train the series of 
explorations of vhich I an1 but one of the nlonlentary 
advance guard. 

\ r e  can not yet g r o i ~  single somatic cells of higher 
plants, as  Haberlanclt \\-onid have had us do. Some 
day I am certain some one x7ill be able to do so. But  
me can prom comparatirely simple organs and tissue 
corrlplexes. -2 few of you, I know, have folloived the 
steps by which that has been accomplished. Others I 
am sure have not, and I hope I \\*ill be f o r g i ~ e n  if I 
revie~v briefly for their benefit the developnlent of the 
field. The aim was, as  we have said, the study of 
single somatic cells of higher plants. The niethod 
ainled a t  was the cultivation of those cells, their study 
as separate entities, and their subsequent aggregation 
into more and more cotnl>les groupings until full-
blown organisms could again be attained, I-Iaberlandt 
tried to grow single green sonlatic cells, unsuccess-
fully, as did many of his students. Kotte and Rob- 
bins in  1022 conlpromised by using, not cells, but 
organs-root tips-with some success. But  the re-
sults were not safficiently promising to encourage fur-  
ther v o r k  and the attempt was not pushed further. 
A detade later the problem came to niy attention and 
I decided, on theoretical pounds ,  to study three types 
of materials-embryos, seed prinrordia and root tips. 
Of these, the last proved most satisfactory. With 
them a beginning has been made toward a solution 
of the problenls invols-ed. 

Fundamental, of course, Tpas the need of an environ- 
ment that should replace all the essential features of 
that in ~vhicli the cell or tissue or organ finds itself in  
the organism while discarding the non-essentials-as 
regards physical and chemical coinposition of that en- 
~ironinent .  Temperature, light, oxygen tension, arid- 
ity, physical state, niotion, conclitions of contact, as  
well as  ionic composition, content in  energy sources, 
horn~onal and vitamin content and similar aspects all 
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had to be studied. And, while many of these require- 
ments were likely to prove similar for  all cells, others 
might not prove similar. TTe have solved all these 
problenls in a preliminary way. But  those solutions 
are in many cases obviously not yet the most perfect 
ones possible, and the work still goes on. W e  are on 
fairly firm ground as regards the physical conditions, 
the inorganic nutrition and the carbohydrate supply. 
Requirements as regards organic nitrogen supply, 
vitamins and hormones are less clearly established, 
although conditions which are "satisfactory" are 
knoxvn. 

We are, however, now in a position to grow a va- 
riety of plant materials, root tips of many species, 
embryos, undifferentiated tissue masses from Salia,  
Xicotirtna, Helialzt l~us,  DCLZLCZLS, and a fewUTI~ZUS,  
other sorts, i?z ? i t ~ o ,for  long periods and to control 
the environments in  ~vhich they grow with a consider- 
able degree of precision. The technique for  which 
Haberlandt was searching is thus now available and 
it is, I trust, because of the par t  I have played in 
developing that' technique, rather than for  any par- 
ticular application, that you have honored me this 
evening. 

I t  would be superfluous for  me to review our find- 
ings in detail here. It is my task, rather, to point out 
the directions in which we have already moved and 
perhaps to outline briefly some of the new fields in  
which we may hope to find opportunities for  further 
work. 

As I have already noted, probleills in nutrition were 
among the first to present themselves and the way in 
which they have been solved points to other possi- 
bilities in  the same direction. How significant is the 
calciuin-magnesium balance in the economy of a n  iso- 
lated tissue? Less so, I think, than we have long 
been led to believe. What is the value of iron for  
cells which possess no chlorophyll % Our results show 
a n  unusually clean-cut picture of its importance. 
I ron is not tolerated a t  an ionic concentration above 
about 2 x 10-5 (= 2/100,000) 11;yet its omission from 
the nutrient results in  a n  abrupt and complete, but 
reversible, cessation of growth. That its function is 
an indispensable one is evident. What  that function 
is we do not yet know, but the tissue culture teclmique 
offers us a hope of finding out. How f a r  is the effec- 
tiveness of sucrose in the nutrient to be attributed 
to the energy it  supplies, and how f a r  to its function 
in maintaining an isotonic state? Our studies empha- 
size its energy-giving function and shorn that the isos- 
motic function is relatively unimportant. How does 
iodine affect 'the morphogenetic pattern? How does 
oxygen tension affect this same pattern? And how 
does sucrose, a classic plasmolytic agent, penetrate to 

the interior of the cell ? When I published experiments 
showing that excised tomato roots preferred sucrose 
to dextrose, I let myself in for  some criticism from 
those who followed the text-book story. But  I also 
received a very heartening and interesting letter f rom 
Dr. Annie May Hurd-Icarrer, saying that in  1926 she 
had been puzzled by evidence of a similar preference 
by L'stilayo infecting corn. Perhaps the question 
needs to be re-examined. The text-books have some- 
times been wrong. How important is auxin in the 
economy of an excised member? What is the func- 
tion of thiamin in a growing tissue? What  is the 
relation between pyridoxine and protein synthesis in 
the plant?  These are but a few characteristic nutri- 
tional problems that have been or can be attacked 
by means of a tissue culture technique. 

But the value of the method is by no means limited 
to nutritional problems. W e  were from the start in- 
terested in using it  in dealing with a variety of prob- 
lems in plant pathology. Some of these have led us 
into unexpected paths. The method by ~vhich viruses 
travel through the host has long been a puzzle to 
phytopathologists. This is paralleled and perhaps 
intimately bound u p  with the inethods by which foods 
move in the plant. And it  is also conceivably bound 
u p  with the methods by which water may sometimes 
be moved through the plant when certain external 
forces are temporarily in abeyance. The picture of 
water movement as a function of vital activity of 
plant tissues has long been a puzzling one. Five years 
ago, I set out to study this picture as exemplified i n  
growing excised roots, where the complicating factors 
of photosynthesis, evaporation, trunk expansion and 
contraction under temperature influences, local hy- 
drolysis, etc., could be eliminated. TVe have not 
solved the problem as f a r  as demonstrating a detailed 
mechanism is concerned. But we have been able to 
establish certain significant facts in a n  unexpected 
and striking way, facts which tend to support and 
enlarge upon Stephen Hales's old concept of water 
secretion as a vital function of root tissues, bound u p  
with respiratory processes. Those results a t  the time 
seemed again to run  counter to accepted text-book 
theories. But  they have since found support in  work 
of Rosene, Grossenbacher, Mason and Phyllis, and 
others. And the picture which &lason and Phyllis 
draw certainly corresponds rather closely to that of 
the contractile vacuole in  protozoa, which is another 
little-understood phenomenon. 

Recently we have come back to one of the first prob- 
lems for  the solution of which the value of a tissue 
culture technique was foreseen, that of the etiology of 
neoplasia. This we have attacked in plants, using tis- 
sues affected a t  a previous time by crown-gall organ- 



isms. The method permits us to  maintain gro~ving 
tumor tissues under continuous and detailed observa- 
tion, to  establish by appropriate tests their freedom 
from contamination, to subject the111 to controlled en- 
vironments, and then. a t  suitable intervals, to return 
them to appropriate hosts, w11er.e they give rise to new 
tumors. IT7e have already follo~i-ed by siniilar means 
the processes of gro~vth and differelltiation in  a neo- 
plasm of genetic origin-that arising in the hybrid 
cross between Sicotin?za g l ~ ~ t i n o s a  and AT. 1alzg.sdorffii. 
The step from there to neoplasia of biologic (para- 
sitic) origin has not proved a difficult one. N a y  we 

not hope later to proceed a step further, to neoplasia 
of recognizable and controllable physiological origin9 

These are but a f e x ~  exaniples t o  indicate the proven 
as well as  potential scope of the field which the tech- 
nique of tissue cultures opens to us. Stephen Hales 
was not thinking in t e r m  of this sort. But  these 
problems are  such that their solution, by n-hatever 
means, can give us greater insight into the nork- 
ingsoof biological entities, cells, tissues, organs, and 
thereby of the organisn~s which xere  Hales's interest. 
The1 may ~vell help us to understand some new bits of 
the unix-ersal plan whicl~ he sought to elucidate. 

OBITUARY 

JAMES J. WALSH 

DR. JAMES of N e ~ r  Pork, died on March ;J. TALSII, 
1. Son of Martin J. and Bridget Golden Walsh, he 
was born at  Archbald, Penl~sylv:xnia, on April 12, 
1865, ao that he mas in  his seventy-seventh year. H e  
obtained the degree of bachelor of arts from Fordhanl 
College in 1854, and that of rnaster of arts in  1885, 
and then entered the Society of Jesus, intending to 
pursue a cilrccr in the Church, but a few gears later 
ivas released of his vows, when he felt that he was not 
fitted for  the priesthood. The training with the 
Jesuits ~nacle a lasting impression upon him and gal-e 
him skill in clialectics. I n  1889, Walsh receivecl the 
degree of doctor of philosophy fro111 Fordhain College. 

H e  began the study of nleclicine a t  the Uni~~ersi ty  of 
Pennsylvania aiid required only two years to conlplete 
Iiib course, graduating 3I.D. there in  1895, TI-ith his 
younqer brotherf, Joseph, ivhose studies of Galen have 
delighted the readers of the A~znctlsof JIedzcctl His-
to ty .  During the n ~ x tthree years he studied in Paris, 
Vienna and Berlin, where he aiid his brother had a 
place in  Vircho~v's laboratorg. TVhilst it1 Europe, Dr. 
TTalsli began his career as a medical mi te r ,  acting as 
corresponclrnt f o r  s e ~ e r a l  American journals, and 
when he returned in 1898, he beca~ne assistant editor 
of the Xed ic i~ l  News. Later he wrote much f o r  the 
XPW f'0r.k i!Iedicnl Jotci~zctl ancl the J o u ~ ~ z a l  theof 
~ lwze~ ic t r~zJ I ~ d i c a l  dssociation; he was the lnedical and 
scientific eclitor of the I ~ z d ~ p ~ i z d ~ i t fand the medical 
eclitor of the Nelv York Hevnlil. 

I n  1900 he was appointed a n  instructor in niedicine 
and an profedsor in 1904 at the NcJV york 
Polyclinic %xedical school, he taught until 1907, 
Ti~llen he jvas acfillpdean and professor of 
neurology a t  the AIeclical School of Fordham Unil-er- 
sity. Hcrc he remained untll he resigned in 1913. d t  
Fordharn he gave regular lectures on the history of 
medicine, t\*liicli \Irere amongst the early ones to be 
established in the Unitecl States. H e  also lectured on 

physiological psychology, of xhich subject lte JT-as p ~ o -  
f essor at  Cat he~lral  College, Nen- Pork (1907-1938). 

Dr. Walsh was the author of many books, and he 
ebtabli,ihed the Fordharii Gnirersity Press. Some of 
his more inlportant works were '.Catholic Churchmen 
in Science," Philadelphia. 1906; "Xakers of 3Iodern 
&Ieiiicine," X e ~ v  Tork, 1907, which was dedicated to 
his friend, TT-illialn Osler: "The Thirteenth, the Great- 
est of Centuries," Sew Y o ~ k ,  1907; "The Popes and 
Science," New Tork, 1908; "1Iibtory of JIedicine in 
New Tork," 5 voli~mes, 1919. Dr. Kalsh  was always 
a loyal son of the Rornan Catholic Church. His  paper, 
"The Popes and the History of Anatomy." appeared 
in the X~c7ical L z b r a ~ g  a~ad l l i~ tov i cn l  Jo~r>iiu7. Vol. 2, 
1904, and that on "The Supposecl Warfare between 
Jledical Science and Theology," in the Jfesse~zger:Me~r  
York. July, 1906. Dr. Walsh was an authority upon 
the histoly of the Ronian Catholic Charcli. H e  was 
made a Knight Commander of the Papal Order of St. 
Gregorg and also a Knight of IIalta and received 
niany bonorary dcpees. I-Ie belonged lo numerous 
societies, ' iv~s  a life nleniber of the Nevi7 Yo& His-
torical Society, a fellow of the Sew Tork Academy of 
3Iedicine and a member of the ,Imerican 31edical 
Association. 

I n  1915 Dr. ?Talsli married 3fiss Julia I-Iuelat, who, 

with a son and daughter, surrives him. 
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SEWYORI: ACADENPOF MEDICINE 

RECENTDEATHS 
DR. EAPIIONDLEEDITMAKS,curator of reptiles and 

of manunals of the New To& Zoological Park, died 

On M~ l2in his Year. 

BRONISLATT Bishop Museum visit- K. NALINOWSKI, 
ing p r o f ~ s s o r  a t  Yale University, who had been ap-  
pointed professor of cultural anthropology a t  the 
university, effcctivc on Ju ly  1,died on ;?fay 16. He 
was fifty-eight years old. 


