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FELL

April  9,  1942

Mr.  ffillian.  C.  Ifagrgood,
Director  for Fellowships
Jut,lug  R®8enfflald  Fund
4901  E11i§  Avenue
Chic?go,  Illinois

Dear  Mr.  Haygoods

I  wish  to  &c`rmovyledge  recdpt  of  your  letter  of  March Sl  and

to put all  things in a diffe^8±%S:i5n:e::i::df:: ::in:tfngor::rBg:en®d
to  thank you for  the  same.

I
]]ave  been  informed by my Local  Selective  Service Board  in "aBhville.
Pennessee  that  I  am  to  be  re€Lasslfied  Soon.    Lfaless  the  Board  sees  fit
to  leave me  in  Class  8-a beoffuse  I  &m a  teacher  of pre-medical  students,
I  am quite  likelF  to  be  called for Army  service.    Show.1d  I  be  called,
I  shall  try  to get  into a branch of  the  Service for which ny' training
best  fits me.    I  have  mentioned all  this  because  I  would not  rant  t®
plan for a full  yearlB work tmowing  that  I  might be  called at any
moment.    Since  the  E\md  would not  consider  granting me  money  to  further
:ny  own  researches  and  those  of ray  gr&dunte  Students  here  at  Hormrd  next
ye€rir,  I  shall  tiRIit until  more  normal  times  before applying for aid  to
do  further  research work.    I  hope  that  next  y®givi¢  ffill  find  thingg inch
nearer normley.

I  Shall  Bend you  the  reprints  in  a  few weeks.    Ag?1n,  tharil=8
for yoiiir most kind offer  to asks  an exception  in  case  I  had &ppligd for
a fellowship  this year.

¥-r¥``

Sincerely yours,

FT5e#?i.s#
•.-,.,,,-,...      »
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RE+#i{5gEifeffi

ffiSRE#ri  ifeirF5¥&i¥gr
#&ghfagfars*   ife*   g*
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March  28.   1942

The Director  for  Fellowships
The  Jullus  Rosenwald  Fund
4901  Ellis Ave"le
Chicago,   I111noi8

De,9.I  Sir:
__ . .  `    ,  ,\

'     vJ  .----,. ~   .,-`-*-==-.=-.

I  wish  to  ad+ice  you  that  ln  coxpliance  with  your  req.ue8t
that  I  bring  the  purposes  a.f  the  FLind  to  the  attentlon§  of  deserving
yoiing pergon8  of my aqualntance  I  had Miss  Edlth  Menard,  a  graduate
stirdent  at  Howard  TTniversity,  make  application  for  one  of your  fellow-
ships.    You already have  statements  abotlt  her  scholastic  recorid,  a
recard  that  Seems  to  me  to  be  very derserTlng.    I  sincerely hope  that
she  ±8  si`lccessful  in  her  attemt>t  to  become  a  Rosenwald  Fellow.

In  regaLrds  to  in.v  own progress  and  work  Since  last  June  when
I  obtained  the  Ph.B.  degree  from  the  Unlver€1t.v  of  Pennsylvania,   I  wish
to  Say  that  So  far  the  .School  year  has ,been  a  €ucce8gful  one  for me.
My  thesis.  for  the  publlcatlon  of which  you  gave  me  an  additional  Sloo.
1!  to  appear  next  month  ln  «Phy81ological  Zoologrtl.     I  Shall  send  yoijL
a  reprint  or  as  many a§  you may  deglre  a8  soon  as  I  receiSe  them.    Perhat>8
you  recall  that  ttxpon  completion  of my work at  the  University  of  Pennsylvinla
I  accepted  a  teaching pogition  here  at  Howard  University.    When  I  did  this
I  undergteod  clearly  that  I  was  to__serve  ln  the  place  of Associate  Professor
C'nage  who  had  been  called  to  the Amp.    In  accepting  this  posltlon  I  tuned
down  geTeral  offers  of  .iob8  of  a m8re  permanent~nature.     I  did  this  because

#e::a:h;:9:ya::r€i::e:£ ::¥::: :yw:#:i:;V:Cad:h::::a::h:8 Soclate Wi thHO,€Ter.   I
have  not  been  able  to  res,llze  this  long-standing ambition because  death
stepped  ln  to  rob.  the  world  of BLolog3r of  this  great  sclenti8t.    The
other  phases  of in.v  work have  gone  very well`.    Since  I  an  g€111  desirous
of  contlnping my  research ,   I  felt  that  I  should  teach  a€ many` courses
in  zoolog3r  as  .pogslble  .®*€hat  I  might  Strengthen myself  on  all  phases
of  the  field.    Phu8,  this  year  I-hare  taught  and  an  still  teachi.rLg  courses
1n  which we  take  up  all  the  InTertebrate8,   the  anatomy  of Vertebrat£8  and
cellular  Physiology.    AB  a  result  of having  this Tery large  teaching load,
I  have  not  been  able  to  d,a  much  research but  have  outlined  some  T>roblems
for  future  conslderatlon.

this  coming  summer  I  T]lan  t®  continue  my  research  at  the
Marine Biologic.ql  liaboratory  and  to  get  Started  on  at  least  two  new  problens.
Since  I  an  substltutlng  for  Dr.  Cha..se  who  is  a Ma.jor  in  the  Army.   I  will  be
at  Howard  next  year+and  plan  to  do  gone  research next  year while  teaching.
However.   as  you probably  know.  due  to  lack  of  time,   equipment  grid  money with
which  to  obtaia material  one  can do  versr  little  research while  teaching.
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As  I  indicated  when  applying  ln  1937  for in.v  first  Ro8enwald  grant,  I  would
like  to  do  some  exten8i+e  post-doctoral  work of a  research  character.     I
realize  now  that  I  cannot  do  this  ea€11y with-out  gone  flnanelal  help  fr®n
Some  orglnlzatlon  such  a8  yours.    Even  lf  that  asslstanee  were  not  siich  as  to
permit  me  to  Spend  another  year  or  so  taking  special  couree§  and  doing  research
but  were  such  as  to  only permit  me  to  do  research  while  teaching.   I  believe
I  could  get  a  good  start  toward being  the  sort  ®f biologist  Dr.  Just  wag.
I  do  not  lmow  what  the  att!,tude  of  .the  givmd  has  been` ,`t®.ward  granting  flnanc±al
aid  fo`r  post-doctoral  workg  and would  appreciate  it  very much  if  you would

:n±:8¥t::c::v:a :€L:h:°3::;er8ity of pennsylvania,  thanks  to  the had9  Shall
I  an determined  that  the  training  for  research

not  be  for  naught.    I  would  like  for  the  Julius  Rosenwald  flind  to  help me  ln
this matter.    Any help  that` I  can get will  be  fully appreciated.  and  if nece+
ssary  I  will  submltt  a  full  o`itlirie  of my  plans  for  research.

I  hope  to  hear  from  you  Soon:  and  again  thanking you  for  what
you  have  alrea..dy  done  ±n  helping me  get  up  the  flr8t  rungs  of  the  ladder  of
success.   I  remain

Sincerely  yotlrs.
3ruLaur-aH
Fred  #.  Algmap

th



ai:=LLOwsli\PS

}`farine  Biological  I+aboratory
•i{I'oods  Hole,   fihass&chusetts

}£r.   rrfuilli&m   a.   ?i&ygood
4901  Ellis  Avenue
Chicago,  Illinois

De8+r   ?I.rr.   E.tfiygood :

fru¥ugt  ,io,1841-EL)   j*    !thin
-_       i---

- p!
;  !jl!``-    i.:`.

."t`- r,-
!J

This  is  to acknov.'ledge  receipt  of  your  letter  of  July  31

inquiring  &s t o  what  rank  I  will  hold  at  ?toward  University.     3t'iny

I  statcthat  I  ±iave  been  &p,pointed  an  Instructor  in  the  Zoology

department.    You  also  asked  for  the  full  title  of  my  digs?rtation®

It  is  "  The  effects  of  light  alone  and  photodymmic  action  on  the

relative  viscosity  `of  amo€br±.  .hirotopl&sm."     I  si-iall  send  you  a  copy

of  it  as  soon  as  it  is  published.

My  present  research  is  on  viscosity  chia.nges  in  trie

protoplasm  of  ffl&rine  eggs.     It  is  progressing  nicel}r.

I  plan  to  leave  here  on  August  27  and  to  be  in  1+.iJ`ashington

by  September  3.     I  shall  write  you  in  the  future  to  let  you  know

how  I  &m  getting  along  in  my  work.
th.

s¥ffifooiae
Fred  +w.   jilsup

---==-===._--.I-.I:I--T------_-_l=jT=_-'=

_  _..=L._..__._ _ `,A._.__ _._.__.. _...__. ____.__=
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THE  COLLEGE

Zoological  Laboratory
38th Street and Woodland Avenug trytry -i-``*~+~
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}fr.  iT..,{-illiam  C.   Hdygoo,d.
Julius  Rosenwald :Fundi',
4901  Ellis  Avenue,
Chicago,   Ill.

/f
-------`_

RTIr-tfty#-       inE'lj

I ___---      J-~
:'!!

Jt---" -..- ~-.rf.    ~

Dear  -&i{r.   Haygood:

I  Lmow  that  I\,ftr.  A preciates

the  &ddition&1  help  that  the  Jnlius  PLosenb'-Fald

Fund  has  given  him,  and my  understanding  is  that

he  has  already iuritten yon  to  that  effect.

I  an  trying  to  arrange  for  him to

borrow  the  money  he  needs  for  the  summer  from

the  University  Loan  Fund.    If  he  doesn't  get  the

money  there,  vre  will  try  some  bank.

I.|#H:A

/.   -      =`    .
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Acting  Director  for  Fellowships
Juiiu8  Rosenw&1d  F\md
4901  Ellis  Avenue
enic&go,  Illinois

i

I

i
Jn==,=+-i--*. .-d*f *.,*r. +

ELLOWSH!PS

£6   San8on+St€--
iladelphia,  P&.

hi&y  1£,   1941

D®Eir  Effr.   ¥iaygoods                                                                                                .

I  wish  to  &cknoTiv-ledge  receipt  of  your  letter   of  hi&y  7  in
which  you  inforrmed  me  of  the  addition  to  my  grant.     I  want  to
th&nk  you  giHd  the  other  officials  for  all  that  you  have  done
for. me  during  the  course  of my  wor'k  here  at  the  Uulversitv  of
Fenngvlv&nia.     You  Bhov,red  confidence  in  me  and  my  work  by  the
numerous  grants  tha.t  you  ff&ve  tne,  and  I  h&v©  felt  t±iat  I  sFiould
do  all  in  my  power  to  justify  that  confidence.    If  I  hELve  in
anv  wELv  done   5®.   I  am  Fiappy.     I  assure  you  tri&t  when  I  finish
my  work  here  in  June,  I  shall  feel  that  I  have  been  given  tde .
go-signal,  so  to  8pe&k,  and  shall  put  all  that  I  have  learned
to  the  best  use.

I  have  been  appointed  aH  Instructor  in  Zoology  &t  Howard
University  for  the  ve&r  1941-4£.

+i',:J-i

Thanking  you  again  for rna.king  it  possible  for me  to  further'
my  education  arid  scientific  tr&iHiHg,   I  remain

Sincerely  yours,

gjrfu^ w .orap
Fred  `ff.  flaup

=-T==--`====-======
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THE  COLLEGE

Zoological  Laboratory
38th  St.  and  Woodland  Ave.

Mr.   George  }.,t{.   Reynolds,
Director  of  Fellowships,

Julius  RosenRTald  fund,
4901  Ellis  Avenue,
Chicago,  Illinois.

FELL®`t,tyS,ty'3frHps

SYLVANIA

Iu{ay   2,   ig4i.

ti+€rf 4 , '`*-``t_-i-

#ff i#  i

-    -   -     __

Dear  lt,J'¥r.   Reynolds :

MfriEEfdrrfuiREgfafjih&s  finished  his  worLr  for  the  Ph.#.   degree.     He  has  been
a  fine  student  and  an  excellent  research worker,  and  I  want  to  express  my
gratitude  to  you  and  to  the  Foundation  for  havinFj  sent  him  to  me.    Alsup's
future  seems  assured.    As  a  result  of  his  work  here,  he  has  already  published
an  excellent  paper  in  a  leading  ptry'siological  journal,  and  his  Doct`orls  thesis
is  now  ready  for  publication.    It  has  been  passed  ty  our.  faculty  ifirith  highly
favorable  co:+rments.    I  feel  sure  that  Alsup  has  a  fine  futur'e  before  him,   and  I
&in  especi&ily  pleased  by  the  fact  th,€&t  he  has  obtained  a  position  for  ne2tt  year
at  Howard  University.    This  should  give  him  an  opportunity  to  develop  and  to  do
the  good  research  he  is  capable  of  doing.

There  is  a  minor  problem  that  noif+S-faces  us.     Our  Gr&du&te  School  has
established  a  new  regulation  requiring  each  Ph®D.  candidate  to  deposit  a  ,$10®
&s  a  guarantee  that  the  thesis  will  be  published.    The  money  is  then  refunded
as  soon  &s  300  copies  are  delivered.    How there  is  no  ciuestic\n  that  Alsup's
thesis  iftrill  be  accepted  for  public&tion,  but  ttnere  is  the  problem  of  finding
the  #1UO.    Horeover,   I  should  like  very  much  to  have  Alsup  Come  with  me  again
to  Woods  Hole  .where  he  has  been  able  to  do  such  successful  resear.ch.     In  the
past  he  has  help6Jd  earn  expenses  at  i+',foods  Hole  by v,Flashing  dishes   in  the  Labora-
tory  lifess.    lTaturally,  he  Could  do  more  and  better  wor`k  if  he  were  _not  tied
doim  in  t`his  wayJ     I  have  suL¥gested  +,a  him,  in  view  of  the  fact  that  his  salary
next  year  will  be  amFjle,  that  he  attempt  to  borrow  $30u-#400  in  order  that  he
can  deposit  the  required  sum  for  his  Ph.D.  thesis  and  also  in  order  that  he  can
live  through  the  surrmer  and  do  a  maximiun  amount  of  rese&rch.

Alsup  can,  of  course,  apply  to  a  bank  for  a  loan  or  he  m5.ght  possibly
borrow money  from  the  University,  but  it  occurs  to  me  that  the  F.osenwald  Founda-
tion might  be  Thrilling  to  loan  the  money  to  him  at  a  reasongible  rate  of  interest,
and  I  am therefore  Galling  this  matter  to your  attention.

Yours  very truly,

LTTII : JA:1 L.  V.  Heilbrunn
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FELLOWSHips

3626   Sansom  Street
Philadelphia,  Pa.
December  20,   1940

hELs8  D.A.   Elvidge,   Comptroller
iTrilius   FLosenwald  Fund
4901   Ellis  Av€ni`ie
Chicago,  Illinois

Dear ?,4|ss  Elvidge:

&_ a

-

For  the  past  two  yearsyou  rfave  sent  me  my  January  check  just  before

the  Christrms  holidays,   but  9us  yet  I  have  not  received  this  January  check.

I  thought  thg,t  perhaps  you  had  stopped  this  practice  unless  a  Fellow

had  asked  to  riaLve  +uhe  check  sent  !3.t  this  time.     I  would  like  to  get  mine

just  before  Christmas,  tfiat  is  by  next  "esday.    If  you  have  already  sent

it,   I  am  sure  that  you  will  overlook  this  anxious  request.     It  may  be  that

you  have  not  started  it  to  me,an[i  in  that  case  I  hope  that  you  \i;ill  send  it     \L

by  special  delivery  so  that  I  cfin  get  it  at  least  by  christmas  da„                u\#j

Thanking  you  for  your  indulgence  and  corisideration  in  this  matter,

I  remain

Yours  sincerely,

I.trfuvi
ts Fred  T3'.   Alsu
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FELLOWSLi§P§
36Z6   S&nsom   Street
£=11iladelphi8.,   firri.
Cctober  28,   1940

I,{iss  D.A.   Elvidge,   Comptroller
Julius   Ros®nwald   Ffrond
4901  Ellis  Avenue
Chicago,   Iliiriois

Dear  I.,{iss  ElviGge:

-I.I- ffd,      JZ-,
_.,,'E jii---._ti_friEL

ae-+`,i-__I.

In  your  last  letter  to  me  you  asked  me  to  let  you  ktriov,i'  my  Philadelphia

&dcire§s.     It  is  and  tw'ill   be  as  above.

Since  my   I.eturn  from  t*!:joodB  Hole   I  have  taken
r~dirffro./L~riJ~.-~..r-*="irvy+

and   successfully  pELs8ed
I.}+jt53fskt`    -ti``j~=    nco       ~dr       .             "        I    Lft7i      .      i.tot        ..       .r     u.fi   jg=r   !n.ra#5t.I     !

the  preliminELry  6xr±REiriations  for  the  PhD.   degree.     I  an  registered  at  tile '

University  of  PennsylvELnia  only  for  rgsearc}i  work  which  I  arm  now  e"gaged  ir"

Tjrthile  &t  .I.'i;Cods  Pole   I  extended  my  previous   r.esearch,and  this  neu.  rese[flr.Cri  is

reported  in  the  Cctooer  issue  of  the  Biologicfil  Builetlri.

I  wi8tTS  to  thank  you  for  yourindulgerice   o±'  my  rsquest©d  deviFftions  from

in.y  origi[ial  plan  for  payments  on  the   il`ellows'nip.     a  shall  stick  to  trie

original  plan  for  the  remining  payments.

Sincerely  yours,

T3wiut.Lrfugrf``
•Fred  vyL.   tl8up

th
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Jul};   +j3:2,   1940

Miss  D.  A.  Elvidge,   Comptroller
Julius  P.osem,I,'ald  Fund
4901  Ellis  A3:enue
Chicago,  Illinois

Dear  Miss  Elvidge:
In  my  letter to  you  in  Ma.y  concerning  the

paymerfu  of  ny  grant  for  i940-4l,  I  requested
that  you  send  me  a  check  .`or  #80  about  the  first
of  September.    Tirell,   some  unexpected  expense    for
mat,erial  has  ccme  up,  ant-i  now  I  must  ask  you to
split  the  September  check  into  t',*`,ro  parts,  sending
me  half  if  it  this  Tveek  a.nd  the  other  hg.Ir  on the
fir.st  of  September.     I  am  very  so:JT}~  that   I  have
to  bot'rier  you  -RTith this  change  of  plan  for  tile
payments,  but  I  must  have  the  material  for  ny  work.

T  a+`,i_11  expect  to  hear  from  }rou  b}r  Saturday.
®f`  this  `-i`veek.

Thanking  }rou  in  advance  for this  indulgence,
I  remain

SinG+erly  5rc)ups ,

in?e#*.±S#
t

i?-T
1 -+rfu' S.`* `'               -_IiAEfA7Iy(»a

` €-*pr~  .,,,_,.„--~-ngL-I..--.--I-+ i,,,+.-Jde,i,*s-*tog
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FELLC)WSH!PS
36Z6  Sansom  Street
Philadelphia,  Penna.
Ihay  14'   1940

±fiss  I.A.  Elvidge,   Comptroller
Julius  Rosenwald  fund
4901  Ellis  Avenue
Chicago,   Illinois

Bear  ¥!.friss  Elvidge :
I  wish

Aj£
I:  _--I    :   I-

I. ,,  11I.
?`.  . :^ I.a,`^

.rfd`

-7  .__    _,A•8#

I -f
i

`

- .,Gt-A---- * Jfro `

to  Submit  a  plan  for.  payments  on  my  Fellowship  grarit
for  the  School  year  l{J40-1941.    I  plan  tc  leave  Philadelphia  on  the
3rd  o±.  June   ,and  I  shall  be  in  ~`S¥.oods  I-role,   }thssaLchusetts  at  the  Srfurine
Biological  Laboratory  from  June  until  the  end  of  S©ptem`ber.     Upon  in/
return  to  Philadelphia  I  shall  have  the  same  aLddress  as  the  o£€above.
Since  I  arm  leavi"g  here  on  the  third,   I  snail  have  to  ask  you  to  send
me  the  first  paymerit  on  my  neiB'  grant  at  the  salne  time  ti-iat  you  send  the
last  payment  on  my  present  grant,  that  is  on  June  lst.    I  plan  to  spffid
a  w©©k  at  my  home  ifl  Nashville   before  going  to  1*u'oods  Hole,   and  I  may  not
come  through  Philadelphia  on  my  way  from  Nashville  to  T#oods  Hole,   s6  I
would  like  to  have  the  check  before  I  leave  Thiladelphia.

Ag  I  informed  Efr.   F.eynolds  when  I  applied  for  a  renewal  ,   I
have  coREpleted  my  course  requirements  at  the  University  of  Permsylvania
and  plan  to  do  research  at  7jfiroods  Hole  and  at  the  University  next  school
year.    I will  therefore  not  have  a  tuition  Bill  Dub  will  have  v&rious
expenses  connected~ vyith  my  research.     For  this  reasoli  I  am  not  listirig
any  items  iHL the  plan  for  payments,  that  will  have  to  be  forwarded  to
your  office  for  payment  next  year.    I  am  taking  my  prelimiziary  and  final
examinations  for  trio  PhD  degree  and  shall  complete  all  of my  work  next
school  year.    I  believe  that  it  will  be  more  convenient  if  I  take  care
of  these  instead  of  submitting  the  bills  to  you.    If  I  should  decide
to  take  a  course  next  ye.ar,  I  will  of  Course  pay  for.  it.      of

Since  I  shall  be  in  Woods  ITole  most  of  tile  monthAseptember,
I  would  like  for  the  Sgpt8mber  check  to  be  sent  to  m6  tiiere.    All  tfie
other  checks  HELy  be  sent  to  me  at  my  present  address.     I  hope  that  the
plan  for  pay]nents  which  is  given  below  will  meet  your  approval.

tree+une  1g   1940  ...... i~„„„.„...$200.00
September  I,1940   ®..®.® ...... a..®      80.00
October  1,1940  ............ „„„    80.00
Novemb€jr  1,1940   .... a ........ „„     80.00
Deceffiber  1,   1940   ...... a ..... ® ....     80.00
January  i,  1941  ................ „    80.00
February.`1,1941   ............. „„     80.00
hfarc}i  1,   1941   .................. „     80.00
April  1,   1941   ....................     80.00
!rray  1,1941   ............. ® .........     SO.00
June  1,1941  .... ®...® ...... „„u    §g±±g

TOTAL          $1000 ' 00

Yours  sincerely,

Tnt w .tltry
Fred  T¥T.   flsup--iiiiii-
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k4r.   George  ltfi.   Reynoldg

Director  for  Fellowships

Jdlius  Roseflwald  Fhad

4901  Eliig  Awenu6

Chicago,  Illinois

Be&F  }ttr.   Reyliold8i

Y®ur letter  containing  the  very  pleasant  news about  my  beirig

gr.anted  a  renewal  of  my  Fellows,hip  reached  me  today.     Being  fully

aware  o±.  just  what  a  renewal  implies  in  the  way  of  Confidence  in

a  Fellow's  end.eavor8,   I  am most  grateful  to  the  Committee  for

this  repeated  Show  of  confidence  in ny  work.    I  accept  the  grant

and  shall  €ofitimtLe,  doing  my  best  to  maintELiu  a  high  standard  of

wopkc

th Very  truly  yours,

TjuLdw'EgRE------
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-UNIVERSITY  OF  PENNSYLVANIA

CASHIER'S  OFFICE.  207  S.  36TH  STFiEET

PH I LA D E LPH I A

19.....................

To Julins  Eiosenwald  Fund
4901  Ellis  i-ivefiue
ChiElago.   Illinios

ACCOUNT    Lffred   T¥!f .   Alsup
OF DEFT.®rad,   Sch.

#  112'50and  termTuition  Fee
Dormitory   Rent   ..; ....................................................

Graduation  Fee
Late  Registration  Fee  ...
Gymnasium  Locker  Fee
General  Fee
Collection  Fee

Total    11   #   112.50

This  bill  is  now  due  and  is  payable  at  the  Office  of  the  Cashier, 207  So. 36th  Street,
Philadelphia,  Pa.     Draw Cheques,  eto., to  the  order of The Trustees of The Universityof
Pennsylvania.     Reoeiptwill  not  be  mailed  unless  requested.

S:frs€b5
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€ar¥*eHt   ggfatiSfr  fiffi#RE  frog  HSt  t*¥&ra  zrffi£®iff£{£*   t¥ut  I

imifeffiffig   i*t±  #iil  tss  €#REiffig  #i±4faiE   +:ifeg  i±€falifa  ffaas
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I.|ss  I...+.   ilvicii€,   Coriip+urcller`

t?ul iL;.S    Plo sellT,i¥rfriLld    ELind.

4£"=1   =11is   iv€fiiuie

C|+ictr-|ffG,   Illirlois

De{-ir   ~~iss   ilviQ`.i:e:,

FEkE_C,a`t,,1'aa-#=,:;;;-ay:*T=*,rf/

36£6   SazlsoHTj   Street

i`itilELQ61phia,   Peflna.

:H`eLjru€i`r.y   1£,    194C

.`iccording   to   ti'ie   plan   of  tile   p€i~yLjei'its   tr£:i+,+u   I   submi+;ed   tc   juLu   I.:st   yeL`t.r.,

;135   vbere   to   bc>   paic.i   out   ±`or  my   tuTulori   for  tli6   secciici   sei+.ester   fat   +I,i'i6   TJniv6r-

si±ur   of   ;-`'e!iris:,rlvalil€i.      I.   rei=,is+uered   to-day   for   ti+is   secofld   s6i;jes`Ler   and   found

out  tiiat  mT;I   bill  v,7ou|d   be   orilj.ir   €'Sll£.:J.      Since  tilere  Tit,I.iJ.i   be   j2L.50  not   accoun-

ted   for'   in  tiyie   plan   for  iJa-yments,   I  v`..'ill   a.L3pr`eciriT,e,   i+u  v6.r;;r  ELucii   if  you  vv'iil

s€rld  me   tfiis  moll.ey  when  you   set:d  me  H3y  next  montthl;f   ci'ieck.      I  hoi`6.   tiiat   tjlis

ciriiLp+nfe   in  the   ±jl.1ri   for  ±ja.yE}ents  Will   not   incoriverilerice   you   in  ally  w-ay.

r5iiic€;rely   I,f-c,i:r.s ,

BJUAW.

FEE

Ei,EE-fiingr       i-+H-ERE,Itillu\H-,.-     ir.AI+/.+      ++-„      +ir„
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Tria.r}kirig  tjrou   in  ldl,-rancc;   ±-or  i,'fie   blank„

-iuJrain

Sir--jL= i,1-:1-    J  J-i-i-a ,

gJulw.ap
1-4,-t;i    .''    Jill-?1P

-I-=i---===-======:=======_
:,:i*.    :=eor€e   :,:.    i.Gj'rluldg

firccju-c;I   for   Fellc,-v'.'sriij=

..?i,!1_ iij`s.   rtcsent`..,aid    ~TLm±

i;tiic:`go,   I.Ilinc;is
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FELko`Jtvg§!;~FEF3

3626  Sang¢m  Street

Philadelphia,  Penna. ,

Pecember  7,   1939

}fiBs  D.  A.  Elvidge,   Comptroller

JuliuB  Rosenwald  FtLnd

enicago,  Illinois

Dear  l€"dsg  ELvidge i

.JJrr--u-Jrt   i

J' Ai-`-~T

Last  year you  sent  m©  my  check  for  January  about  the  20th  of  december.    That

was  very  convenient  for me  as  you  no  doubt  realized.    This  year  I  uish  that  you

Tould  send  my  check  for.  January  of  next  year  to  me  ab,out  the  goth  of  this  month.

REy  work  is  comi«g  along  fine  and  I  hope  to  have  very  soon  some  more  colicrete

proof  of the  things  that  I  am  accoH]plishing  with  the  help  of  the  F\ind.

"anking  you  in  advance  for  indulging m©  in  this  change  of  plan  for  payment

of ny  grant,  I  remain

tJery .truly  yours,

f±utw.
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UNIVERSITY OF  PENNSYLVANIA
CASHIER'S  OFFICE,  207  S.  36TH  STREET

PHILADELPH

19

Thition  Fee
Dormitory  Rent
Graduation  Fee
Late Registration Fee
Gymnasium Locker Fee
General Fee
Collection  Fee

Deposit

This  bill  is  now  due  and  is  payable  at  the  Office  of  the  Cashier, 207  So.  36th  Street,
Philadelphia,  Pa.    Draw  Cheques,  eto., to the  order of The Trustees of The University of
Pennsylvania.     F=eoeipt  will  not  be  mailed  unless  requested.
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36%6   Saras®ffi   Street

Philadeip'riiai9   ii¥enn.

idrJ   Z7' 1939

r\flss  D.A.   Eividgeg   CoH{ptroller

Julius  Ro§envv'ald  Fund

4901  illiiB   Avenue

gEriicago,   Illinois

Dear  l`rfiss  fividge :

iF,.S

LifeJ  ---!-- /
T-€)

??,i*! fr
r¢t`,~,`Of-~---i,, I.,

•-jii-a-.-__v:

---
•-.

.A----'.`-Jt"--_,

I  have  ,b.e€n  1-.Lques±ed  to   send  into  yoLir  offise  a  pi&n  wii©r€.by   i-fie   Fulnd

may   S©nd  me  payments  or?.  the   5S¢ne¥rfu'al  grant  tiiat  I  resiei¥+ed   for  tjie  fi6xtJ  +rear.

In  view  of  the  fact  thl+   I  arm  planning  to  a®t:-,ioods  ?Toie,   }¢LE3,ssachus©tts  for

t±`ie  summer  to  do  re;search.-.at  the  i.faririe  Biological  lfatsor,.i,toryr,   1  sirall  need

some  assistance  for  the  ou7rmer.     Since  I  have  to   s€nd.  in  a  g.equest  for  this

assistaln$8,   I   felt   tha+_.   I   S®u.1.a   just  as  wsl1   3eiELrfeia   ii;.JS&  ay-  plarala   for  pELygse3its

during  tfrie  eritire   8Sbool  }feaifng.     i  Jbir®r¢fore   submit  tS  j`au  the   fol±o~.:i,oing  plan

an+i  ±vrmst„  thatu  it  will   b6   sftisFaj3torj`  t®  5'ou.

(1939)    June    .S .... 33® ...... S®®.®®.S|6o\tbte3
September  ...a.„„„„„„    5C}
Octoher     |®®®*®®®®®af"i®|®®®        58

0Gtober (tuitiog¥ ) ...........  135
Hoj*.ember   . . . a . . . ® . . . i, ® .....      60
December..................60

(1§4p)   January   ..®®®®3.®®9 .... ®®..      58
FebuaFy  ...„„„„„„„„   58
ifarch     ®®®®®®®®®®.®.aa®®®3®®          58

April   .® ........ ®..a...„„     58
T#&.,A      Efay     '®'®¢®®®®'®®,',®®',®,,a          60

June......................60
Febuaryj (tu.ition)   .... S . . . „  1$5

TOTAL....?|gF
You  may  §©nd  all  the   checks  to  the  E>pbove  address  and  since   I  ar!.  to  be  in  frfassa-

chuset.ts  by  tile  i5tk  of  June,   I  would. like  to  re€ieve  t±`i©  ,SE60  by  the  lath.     I

will  wr.its  you  if  I  should  have  to  re"in  in  ithassachnsetts  longer  than  August

so  that  you  may  send  me  the  September  checF.  there.

Very  truly  yocarsSiinu) - Q2ir
FTed   'vij'`.   rfusup



Julius  Rosenwald  Fund
49: 1H illfsAA:e3ue              F E L Lfj `hkrf#iLtf§ ,trH PS

ft*fr"xp¥¥fr¥ufa    £##ife#ife&ifeffife#    Sffi    ffgivifefifeELfrffi&k#ff   ffigrgF¥#faffidi    ife###*fr#*feRE    ife   "   *   gil    ire   givi   av   xp   fty   ffiffiffi*REffi

#ife**ty3k#chkELee

Accounts                                                                                                                      Appropriatiofl No.
at

" ff! ggg#  #ar'ffiELffiFT#rfui##                                                                                                          ##Fth#

Debit

**&ffiffi€ffi#

Prepared by

EN

Checked by Posted by

Comptroller
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RIr.   George  H.   fieynoldB
I)irector  of  Fellowships
JuliuB  Ro8enwald  FLmd
4901  mlis  Averme
thicagog  Illinois

FTLLS``*tvA`fa¥8SHi!Ft'5

mar  §irg
It  i® with  the  greatest  of pleasure  that  I am now writing you  to  let  you

know that  I will  accept  the  renewed  fellowsfiip  that  you  informed me  of.    It  i8
quito needless  for me  to  try  to  put  in q.ords  the  happin®8s that  tfie  information
brought  me.    I  feel  quito  elated  to  know  that  my  work  has  b®©n appraised  so
highly  by  such  an  eminent  boqfaas  the  one  of wriich  you  are  a  par.t.

fry  worH  i8  Coming  along  fine  and  I  Shall  keep  it  9o.

I  chall  submit  a  plan  covering  the  deb,ails  of paymeats  as  soon  as  you  Eiay
want  me  to  do  §o.

Sincerely yours.

ENEREEiRE
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UNIVERSITY OF  PENNSYLVANIA
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Tuition  Fee
dormitory  Rent
Graduation  Fee
Late Registration Fee
Gymnasium Locker Fee
General Fee
Collection  Fee

•..*ITit:E!-

Total   ll/fy5if  ,  ,

ffiFr...*.A+¥ha*:

:¥apj.f¥ij.g==
Deposit................................................................................„..............................„...::.i\J.LL±;AAfoife&¥:..................................

This  bill  is  now  due  and  is  payable  at  the  Office  of  the  Cashier, 207  So.  36th  Street,
Philadelphia,  Pa.    Draw  Cheques,  eto., to the  order of The Trustees of The University of
Pennsylvania.     Fieceipt  will  not  be  mailed  unless  requested.

i+fo::,i
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FELLO`SSjA\¢#SHit

Fr.   Raymond   lfaty

Director  of  Fellowships

tjTu|ius   FLosenwald   Fund

Chicago,   Ill.

3626   Sansom  Street

Philad€1pf+ia,   Penn.i-i-=-.-i,r-tt`.`_._
6,`,,; ; !_-------_

iii-

ELHE-
+

38"

I)e£.r   I,,,?r.    Pp`-ty:

As  yc>u   l{ric\*,:   I  am  no\fr'  pursuing  my   studies   in   tlie   field   of   Zoology  &t   tile

Uurlivc;I.slt}r   ol.   Fenfisylva,.nia.      I  an  enabled   to   do   this   becL`i.use   of  the   Fellov,i`Ship

that   I  VPT?+s   gr€]Lntti'd   by   tr,e   FLind   las.t   Apr.il.      I  am  wor!r.ing   tovv":j`rd   {i   Doctcr's

degl.ce  and   it   is   impossible   for`  me   to  corHplete  rrjy  work  in   .rune   yepr..     As   I   shall

be   in  school   .`-:11   this   sc',lfcol   year   I  will   need  assls+|rice   tJ   come   bacl€  ilex-i  ye€Lr

and   it   conc€jrnlrig  this  mEitter`  t`i`iat   I  an  now  .. r.itlnf  you.                                             .

I  would  l|Ke   to  applj,r  to  tl~ie   Fund   for  a   rene`. &1   oil  my  grant   for  nex~u  year

and.   I  v,t'ish  ttiat   you  would   send  me   any  ljiform8.lion  ti[a.i   I  ari  liKely  to  need  to

do  this.     I  am  not   sure   ti'iat  applic€.itions  f.or  rent,v.als  are  cue  at  the   saffie  time

that   other  applica.i,iorls  al.e  due,   but  il-ti-+ej-are   I  would   like  'tL  have-mine  in  on

tiE^.€.      I  wil¥\"De   raost   gr¥.teful   tci      i,u   if  you  v,Till   send  ii3e   tile   bl!|n£=s   8.nG   other

materi.=Ll   n€ed€G   to  +Jrcper.ly  apply   for  this   renew€i.1.

Very  trul.vr  yours,

5ndw.Cap
qu*fuvy+£t;EL,   ff!pasffiiiaiaemaREffl*maREtiffieai!aiiitiicaasifeERE
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UNIVERSITY  OF  PENNSYLVANIA
CASHIER'S  OFFICE,  207  S.  36TH  STREET

PH I LA D E LPH I A
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ACCOUNT D&.ftyELprfl
Tuition  Fee
Dormitory  Rent
Graduation  Fee
Late Registration Fee
Gymnasium Locker Fee
General Fee
Collection  Fee

. : : = I = I I _L = i = I = i i : i = I = = = = = = = = = = = . T = = = = = = = =

.-..--.--.--.-....-..-..........-.................co....;z:........."i€=S,...ed#.........................................-....-....-................-.............".......'
.epr»-~.-..-....--......-~-..."..........-...............................-...........................................................................-....==:===...-...........tp..pe.............'...

_r'

-.....-........-...-..............................-................-......................-..........................................................-.rq]\-....-.:..................................

Deposit      .................................... „ ....... „ ............................................... co ................... trh,i..i ....: ...„ .............-.............................

SciS"                    Total

r=
~~®,a,,®,,.,ece3cc,,,,,,,,®,,,,,,,,,,,,,,,,,,

1
= = 1= = = = = i i = = = = = = = = = = = = = = i = = = = = = = = = = i ? : = = = = =

This  bill  is  now  due  and  is  payable  at  the  Office  of  the  Cashier, 207  So.  36th  Street,
Philadelphia,  Pa.    Draw  Cheques,  eto„ to the  order of The Trustees of The University of
Pennsylvania.     Receipt  will  not  be  mailed  unless  requested.

1_}®S
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gresfi#   fas   grS#.   IgSm   faifeffi   £#igrfffifa   ife£    &€ffiAes#£   ffl®EL#fri.       Eifeulfdifror   ##k

fa±-i#¢   asgk#¥ffi##£#or   *#   ffiae#rfe   seffi   rfu   #faas%#ffiffi"*   cabg   grLB~ds#   #as#
ffimdi   #ffi   ffikiaffa    aseegrr   fahafr   &   E*F&ffiff#   ias   #esffife   feS   fa±%@fi

Ir##ffi##iff*

#ffi    ffiaem   ife#   grffiEL   ffi#ti    ae®fafa&ffirfe   ffifa

feELS   REife#¥ifeff#ft±F   ±asfe   RErs   ifem±ffies   grS¥a#   ffiffiffiE¥ff ffi   #se   Sfase&  grgrra

#*£±   ffiEL#ffi#faffiffi#ffi   mffi   fif ffilifegr   fm   ffffifffifapfarmffi   Irffim#   aeffifeife&gr
3 ifeffi®frffi a

#semus¥ELfrmE#Lfa±ifeffiff   ife#   faffiffi   ffuseeffitis
"ifrEL   asin&#£h  #ff"   faffiSffi   ffiRE#ffifaasfi  grs¥EF   asRERE#* RE   #Srfe*

ffi£SRE

ife#   Fiffiife  ffi *   fafffiffiB
¥£ifeutfiffi   &#ffigrdr"fflR   RE®#tsife

REfrffihfffiHfaffi #   ¥REREffi ffiREffis

#®ff#  ifermiIr  grREffi*

DOROTHy A.  ELvima
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-r~  I Liar.:t` ,*= `+  if  .

RE E=
713-2e   .r`v nu€-   :-ort'n
I.`?ashville,   Tennessee

I`.:iss.   £`.A.   Elvidg.e,   Comptroller
Julius   F:osen`'u.$1d.   .Thnd
4901   Tjllis   ~,^ivenue
Ch.icSgo,   I1.1inois

fteSr  i.|ss  =1vidge:
I.n   rca`cc,ore   with   your   requ€-,St}

whicl'i  I  woulc3  like   for  the  bqlpnce
vefi.r.      ='c.fore   I   do   so   I  1,,:.,'ish   +uo

^|,v*7:ir.c]   to   be   paid   during   the   scriool
I  htad   a   Vel.y   fine   Sulffmer  eat   the

i.Tn.ivei-sity   of  :,tick.igqn.      I   reciev6.d  my  grapdes   for`  i.he   two   cou.rg,c's   in   C;`hemi` try
+I.at.   i   tocik  vt'hile   there   find   hq.DT!ilv   i,o   s¥.y   they  were   bot}:,`  4i^i'g-.      I   a.in  novt'

®

1ool{incF   forw*7rd  to  ny  work   t!t  -tile   T.?niversity  of  rennsylTg.ni-`,   v,`'hich  work
T,..rill   1`,€7gir}   soon   r-ncl   whic}~L  i...Till,   if  rail   goes  well,   Culmiripte   in  my  getting
?.   =octor.'s  c3egree   in   Zoology.     In  vi-a,t'L,r  of  the   f9ct  thilt  this  will  be  my
i.|rrst  time  to  stay  in  P}:,.iladelphiq   for  9ny  length  of  time,   I  Sm  planning
tuo   go  up   c;.i:fly   so   as   to   pick   out   j*.   nice.   pl,:I.ce   to   st.`T¥.y   3ind   to   h-Ve   some   corr
ferences  v.'itr,   =`!r.   tTeilbrunn  1,S„Tit+I  v,.horn  I_   =..in  to  v.,Jork.      The   pFn  th.-*t   I  wish
to  be   follo\ved  is  #s   follo`,Fs:

September----------f5150.Ctci.
October -------- Tto   craeck
?\?ovember----..--.--n-..I.--..-$60.CC`
£ecemher------.-------:60.00
tT.?.nu'r3,r-------------..r+,60.00
Fe,t>urFry----------.----1:6C.C,,C
I.lie.rch------.--------I.--.i-t55.e9
April----------..--¥-.-..?60.OC,
:,`:?.y,---------------..--:;6C.CC
.Tune---------.---...-..--?5C.C''C'

•=ot?.i      :££5,.00

:`ince  it  is  your  custom  to  pi!y  tuition  SncT   f€€=s  directu  to  the  institution
1,i7hicF.   -   .TelloiF.r   i':I   pttenc.tinccT,   I  h=`.ve   not   inclu£.ed   t±}ese   items   in   the   above
I)1+Jn.      I  hq.ve   `T   stti.+,er+ent   from   the   school   th¥,t  there   is   an  ®Jr.t,r*.   .t5?5.00-t,hqt,  ynust  be   r..dded   to   the   tuition   of  '^,.950   fo:.-`  the  year  glnd.   it   is  my   i31can

+uh.a+u  these,  bills  be   sent  fiirect  to  your  office.     Any  oth€,r  fees  thit  mS.y
;+rise  will  be   p4nid   out   of  rr!.y  monthly   checks  by  me.      rtTlese   others   fees  v..'ill
be   sin.1_11   if  there   shoulcl   be   any  ®ncT   I   -ttm   €,ure   t,hr+,  you  i.-.ill   not   object   to
Try  t3king   c`.ifre   of  them.      I  `I.'oulql   like   to   r6cieve   t.fie   .firstu   check   of   +315C`
b}r   t'rie,15t.fL   of   September   a,nd   the   others   by   the   first   of   e.-pc'ri   mont}-1   or  'gSs
nf-¥.r  as  possible  to  the:   first   of  e:*cri  month.     rTie   first   check  will   c.:rr}'
me   trirough  the  lf!st   p+`rt   ol-5§pt,ember  ..i.nd  the   entire  mont-h   o:±.   C'ct.ober.
..lil   th€se`.amounts  qdd  up  to  give   i,  tot¥l   of  .$900,   the  *n]ount   of  my  gri!.nt
leftj`     I  trust  th`.t  this  nl`n  v.till  prove  sStisf9c+.ciry  to  you  and  I  hone  to
heg!.r   from  vou   soon.rl

Very   +.rut+-i,Iou.r~.

53chw -Cqu
•rre`'i   ~j~.    +.`ilsup
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apfJT-.--f`.`EL+

713-2.8  Avenue.   hrorti+i
Nashville ,   rfennes see
June  8,   1938

ttrd#

1rELss  a.   A.  Itrilvidge,   .3ouptroller'
Julius  RosenwFilG   Ftinti
4901  Ellis  Avenue
chicago,  Illinois

Dear   UfrELSB   filvidge §
I was  told  by  }ti*Si8s  Utley,   Secretary  to  'dr.  faty,  to  send  into  you  a  statement

Qf  wir.en  and  how  I vBTant  to  !Legin  getting  money  for  living  and  travelling  expenses
i.or  tne   Lfuj rmer  School  work  that  I  am  to  do.     I have  that  statement  ready  aLnd  am  now
sending  it  to  you.     ]~rfuss  i?tley  informed  rfue  that  the  usu`&l  method  for.  sending  out
c`necks  from  t`ri©  Fhnd  is  gL  montfily  one.     She  also  said  that  a  differeiit  arrangement
could  probably  E;+ie  arranged .to  fit.rmy  partioul,fir  needs  this  "rmer.     I  hope  that  this
tEr'rangement  that  I an  asking  will  riot  put  you  to  any  trouL'1e.

I  am  going  to  trie  Univ®r.sity  of  ?¥fi.ct'iigan  to  get  some  Fnysical  triemistry  and
Organic  eriefiistry  in  preparation  for  mjr  work  ne2Lt  year  at  t}~ie  tJniversityiof  Pennsy-
lvania.    "e  tuition will  be  G$35  and  I  an  not  planning  to  take  any  laboratory  work
and  ti~ierefore  I triink  triat  that will  be  all  that  I will  need  for.  direct  schooling.
I will  need  living  expenses  and  that  ig  what  my  statement  is  mainly  concerned  with.
I have  figured  tii&t  I  can  take  caLre  of my  travelling,  board,  and  iHcident8.1s  for  the
8  I.*e6ks  th£±..i  1  will   be  at  inn  Art3or  with  ,t>65.     I  am  hoping  tz.lab  I  will  not  need  any
more  than  tfiis  $100  from  my  grant  for  ti.ie   Stlmmer.     I want  to  leave  for  Ann  Arbor
about  the  £0  of  June  as  registration  begins  on  the  23  of  June.    I  hope  ther'efor-e
that  you  can  get  trio  money  to  me  by  tke.  Z©  of  June.     I would  rather  get  it  on  that
exact  da+.e  if  it  can  be  so  arrangeri.

Th&n±€ing  y`ou  in  advance  for  you  indulgence,   I  remain

Respectfully,i5 utu) .Cpe
Fred  ¥¢T.   flsup

th rtyhiif3+qfep:t}T_7=_

ffpl   i

!pfiqfi-

*`   '  -a    i  t`
1,
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`v,-Sfs'rFips

:or¥nistov`.-n   College

##;r;g`t:1:rg:`  Tefi.1. ,
=:i.    Fa}.rm}or?clTI    EtLi,y

4-901   T|1is,   Av€`nue
Criica8c,Ill.
rJe?r.   Silt:

I  reci€ved  your ci-pient   cf   an  a`,'`9.rci+
from   t'rie   Juliusi,   FLose`mT..,ra.1d   Titind   and   in  }rour  letter  you   said   tr+at   only   t}iose
from  wliom,  accc`.c{t,aric.r f=   l~.8.d   t`ieen   received   v„-culc}.   be   incluc`:el in   t}.ie   official
allriouncement   b`f  the   Committee's   sclLctions.      iE-tor  ti-.:it   reason  I  v,rr.ote   }rcu   Jui.e
sa,me   d8,}'   th::,t   I.  ii€=],.rd   from   }rou   and   f ave   mijr  I+early  accept?`nce   of   tile   gremt.
I  I+8,ve  not  hea.rf}   frcrr;  ;ttou`cr  the   Cc,rmittee  and  just   to  rna.ke   =,u.r€   ti.at  you
got  m}r  letter   I  a.in,  vt`riting  you  ag`a~iir  tL   tile   effect  i.riat   I  do  a.cc€pt  tl.e  gr&rlt.
I  }iope   that   I  do  not  appea.r  il.{!pa.ti€nT,  and   I  arl  sure   ti.a.I  you   c3.n  understand
just  i..+ow   I   feel   about   tl`.e   rna.tt€;r..      I   do   riot  wan+u   to   do  an}rti+ing   -t,}iat   +tjiE}it
cause  me   to  H:iiss   t.I.is  honor.

Iou  merltic;nc,a   that  a  pla2-1  v',roulG  be   arranged  to   fit  h'jjr  +3articulEII.  needs;   I
a,:all+er6ci  tltat  you  mearit   t}.€t  ti+e   information  in  }ij}/I  apjjlica.tiori  blank  v.ias   surf.i-
ci6nt   for  you   to  do   t±.is.   If  this  vi'`€is  riot  wrLat  you  meant,,   I  v.rill   send.  you  a
r€statement   of  m}r   needs.

I  want   to  attend   Summer  scl+col   t'r.is  year  arid  am  iritending  +uo  go   i,hc,
LTnivlrsitj"  of  },Tic±[igan.     I  v,,-ill  need   some  assists,ric€   to  realize   this  but  tl.c,
bul'fL   Oil  the   gr`a.nt  v.J'ill   i.je   needed   to  help  HjG  witil.e   I  an  at   ti~.e   |Tiriiv€rsit:\r   o|h
Pennsylvania  riext   Fa.11.      I  carl   s€rid  you  8.   staten~ient  as   to  just  liov..  Hjuci.   I  vjill
need   t`Iiis   fumm€r  but  -you  may  not  need   tl,is   inforLyjation  as  }rou  l';ave  FTjj   blank.

T  hcipe   tha=+`t   t.Lf3t   ti-,is   |etJuer  is   i-±otnefvdej   as   a   r`€.ill:,-+uC  your.   lt-tier  and
I"t~j.v€,little   fear.   th±sj` `c`}ne  vvill   b€   misunderstood.

Res]e;::r¥L¥±Lt:u'*qu
T=-_-i-==_i--i-i--
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JULIUS  ROSENWALD  FUND
4901  ELLIS  AVENUE

CHICAGO

Confidential Report on Candidate for Fellowship

Name of Candidate

Report Requested of

4REF.   Frsd  W.   ELSxp

Dr.  H.   I.  F®igers  He&dS  Bepartmemt  Sf

Fisk Hniversitw.  REashville.  Tennessee

The above named candidate has applied to this Fund for a fellowship and has given your name
as  a  reference.    A  statement  of  the  candidate's  plan  of  work  is  attached.    Please  return  it  with
your statement.

We shall appreciate a frank statement of your opinion of this applicant's abilities and personal
characteristics, and an appraisal of his plan of work.  An\`early reply to this inquiry will be of great
assistance in allowing the Fellowship Committee sufficient time for an adequate review of the large
number of candidates who apply for grants.

Your reply will be held in strictest confidence.

ENKftyitfuitFerAVrfuow#hi#

REPORT

From  the   f irst   day  Ju-h£,t  Fred  j:usu|i     erltered   rri5;r   #1err.erltL]wr}r

course   in   ',Zo¥61og3r,    six   or   Seven   yea`,rs   L|.go,    I   halve  qoeen   av,'a,re   tjhfrtt

he   is   f}`n   outst,LI,]„nding   stud{.3rit.        He   is   industrious,    intelli.=3?1t,g

€r`c`T    has    unusu:-Tj,l   i:io``vf3r    Of    concentr8ition.          A   negro   `T.rho   i-JLST!ires    tc

`9.   cr=iLreer   irl   £5cienc€3   fE}.ces   fcSrt,i-tin   peculia.I   difficulties,   the   mo€3t

in[+c>rtg{nt    of   which,   iierhaps,    is   clue   to   €`,1i=,``.ck-o±`   suit.€`\jtjle   r}ositjons

::,:£i:;J:ch:fv:e,:,e::.Js;:1;I:v7+::;+J::::t#;9ia*:ae~3fr:#~:*::,'r:;:uc3te

I

'-
1

\

i,,r„or|r..        Jut   this   rrian   I.   have   ericourEiged.   fr33`'i  tFje   beginning:.        His

training'   h`fa,S   'r>een   shajT]ed   clef.`j.I?ite|y   tov,rd,rds         vjyol.te   in                  OVER



3x-.]!3rin`.entLi.1   Tjiology.

lie   hij.,S   T33-loved   :i.il    giv3i'=ceT.`}tiomil  irL±;tj+iLj=±=i5i=Ti=±    :=tudr.3rit       in

3.1nlo,cjt   every   course   that   he   ha.s   ta.k3-Li,   as   his   r'3\3oi.c`i   Will   sj,Loll,,I.

I`his   record,   I  understarid,   is   the  best   at  li`isk,   gut   lea,st  Lf`o.in

rfi£|n:r   I,rears.

Iri   his   grad.ua.te  1.`jTork  here,   qrie   has   shot.r\m   an   undoubted

aT3titude   for   r.esearch   i'`..7orl.:.         I   re-!3orted   in   T3art   the   resul+,Lci`

cf   this      irq7orl±   at   the   meetirig`   of   th`9   J`'.meric€Ln   i'5ociety   of   t::i;jool-

uThB±`{=:`|, § `   £ij t ``Tri-€rrit-fia-E5-`ol~ing ;    Ltu~f£`fi-3T   +jl-.e  -+a--a,~§-t   ~hol i d€i.}7-s :           r i.`fi~ -`E±forTjl~f pA, c t

f-I
.

o+   t,I.is   i?aTier,   which   is   coricerne``l   i.trjth   the   effects   a:f   a.1t`jirjat+ting

'L31ectric   current   and   light.   on   j^iryioeb`r„   has   a-.h!?3eiqi-ed   in   "An€,.toll:ic.e.1

I``lecord'!,   irGl.   ryo.        ff is   rna,ster's   thesis  tis   db,out   res.d:,r  for

:i:jublicf]Ltion,    cni`,nd   vlJ-e   exT,ect   to   sul)rlit   it   to   "Physio]08ic€.i..i

:oolo+fJ;y"    vy'ithin   i)u   short   tilrle.

+fter  the  above  account,   it   is  perh¥,,Tjs   superfluous  to

€idd   tha,t   I   corisid:-|r   I,,!fr.   Alsui£,   a.  very  Tiroffiisirig   studer:t.

Is the candidate free from personality handicaps which would make  it  difficult  to. obtain  and
hold a position giving him opportunity to uthize his abilities?      i.Ueg,

¥grni*

grN8nd_____________EL___I_____ZEE_.._.=...___:=.=...__.=====...i.:::==:==.==.__I_:.::_:.______._______i___

PositionorTitle_    ,i'rofcriEor,     01-Jjiolog}J.-          I               ''   I--I    I               "   --

Address                      f€ti8k   Uilitr3rsit+±r3   rjrfLsh#ii|e 3    ¥eri*gi*eg,#

ate       J'flria€SB     |fL`rTji+;

(Please return to Raymond Paty, Director for Fellowships, Julius Rosenwald Fund,
4901  Ellis  Avenue,  Chicago,  Illinois.   Addressed,  stamped  envelope  is  enclosed.)
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JULIUS  ROSENWALD  FUND

4901  ELLIS  AVENUE

CHICAGO .

Confidential Report on Candidate for Fellowship

Name o£ Candidate          REP.  Fred  #.  A18ti

Report Requested o£.    .„„..D.I.  I.i.nu¥.  -H.e.i_I.b_rmnp¥ ___Professor  of_ PkysiologF;  UriverLf±±j¥Of

_jf±pns¥Fliraff!±a¥b±±afeil]pfe±a±__£e±±±±gz±:!iEa=i=±±€L.__.__.=_____._.____....__.._.__..._______.______._

The above named candidate has applied to this Fund for a fellowship and has given your name
as  a  reference.    A  statement  of  the  candidate's  plan  of  work  is  attached.    Please  return  it  with
your statement.

We shall appreciate a frank statement of your opinion of this applicant's abilities and persgpal
characteristics, and an appraisal of his plan of work.  An early reply to this inquiry will be of g',feat
assistance in allowing the Fellowship Committee sufficient time for an adequate review of the large
number of candidates who apply for grants.

Your reply will be held in strictest confidence.

REPORT

Last   summer  I   got  to  know  rfur.  Aisnp  at  ThiFoods  Hole.     At   that  time
he  was  taking  a  cc>-iirse   ii-1  embrgrology.     During  the   surmisr  I  had  oS-
¢as`iorf to  talkr^¥ifit=ni  him  a  n:umfoer  of  times.     Obviously,   i+,  is  not
very  easy  to  gatige  a  younger manls  ability  urlless  he  is  actually
in  the  relation  of  student  to  teacher.    Ij&st  surmier  I  took  occasion
to  censuit  with  the  men  en  the  embryology  teaching  staff,  and  they
spokes  very  f`avorablF  of  lIrir.  Alsup.     From  what  I. have  seen  of him  I
should  judge  him  to  be  ifitelligent,  and  I  should  be  glad to  have
him  as  a  stucLen-C®     ELoreoi¥rer*     I   like  his  persorialit`§Tj   a,nd  I  believe
iiim   tea  i=t8  i`_criest   8Lnd.  dependable.

rl'be  ¥7orl.:  that  }t`Er.  j|sLip  has  beeri  doing  is  inte,1|esting,   8.nd  ±t
will  r`rerjare  him  for  the  type  of  Tjn,Jork  that  we  do  in_  this  laboratory.
I  sincerely  believe  that  if  he  were  grarited  a  fellows±`.ip  he  would
do,  well  here¢ ----------*--I----I--=--ie--:-------------`

OVER

fr



ha

Is the candidate free from personality handicaps which would make it difficult  to obtain  and
hold a position giving him opportunity to uulize his abilities?

J-          ¥I*.,=

Position or Title

Address

(Please return to Raymond Paty, Director for Fellowships, Juli-us Rosenwald Fund,
4901  Ellis  Avenue,  Chicago,  Illinois.   Addressed,  stamped  envelope  is  enclosed.)
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JULIUS  ROSENWALD  FUND
4901  ELLIS  AVENUE

CHICAGO

Confidential Report on Candidate for Fellowship

Name of Candidate_

Report Requested of.__   .__.   . Pr.   #_.i_±i£±e±=±.Pn3   He.ad   e±:_.Z.±.±±±8EE±±±.aE±E§±±±jL.e/a.__ a#arine  _ . _.._________

Biological  Lab. .  Woods  Hole.  REassaehusetts

The above named candidate has applied to this Fund for a fellowship and has given your name
as  a  reference.    A  statement  of  the  candidate's  plan  of  work  is  attached.    Please  return  it  with
your statement.

We shall appreciate a frank statement of your opinion of this applicant's abilities and personal
characteristics, and an appraisal of his plan of work.  An early reply to this inquiry will be of great
assistance in allowing the Fellowship Committee sufficient time for an adequate review of the large
number of candidates who apply for grants.

Your reply will be held in strictest confidence.

REPORT

Dear  Dr.  Patty:

I  ]mew REP..  Alsup  last  sumlner  w-hen  he  was  a  student  in  the
embryology  Course  at  the  Marine  Biological  Laboratory  at  Woods
Hole,  REass&ohusetts.    His  work  was  done  thoroughly,   and  the  informal
record  which  we  keep  of  student  attairmients  would,  I  believe,  place
him  in  the  first  qua.rter  of  that  cla`ss.    You  understa.nd  that  the
admittance  to  this  course  is  ccmpetitive,  and  so  I  think  that  a         .
placeELent  in  the  first  quarter  means  more  than  it -might `in many
other  places.  He  was  thorough, .careful,  and  industrious  in  his  vrork.
During  such  a  short  session  (five  and  a  half  vtTeeks)  we  do  not  have
much  opportunity  to  assess  a  student's  ability  in  experimental  work
as  most  of  ours  is  observational.    So  iH  this  field,  I  cannot  give
you  any  complete  a.ud.gment,  merely  my  expectation  based  on  other
char.actel.istics  triat  he  would  at  least  be  very  painstaking  and

OVER



:::s:mLE;:g:b:¥dag :!::o::fe::igf:::i.  Ref. sf::!E :::eqEi:t=g:g
the  best  of  the  RIegroes  itho  h8.ve  taken  any  ifarorts  at  "Toods  Hole.

Is the candidate free from personality handicaps which would make it difficult  to obtain  and
hold a position giving him opportunity to uthize his abilities? ~

I  do  not  imow  of  any,  unless  his  retiring  disposition  could  be
counted  as  such,   but  quite  possibly  wit fa.  a }Fegro  tbis  is  an  asset
rather  than  a  LIB.bility.    It  seems  to  us  to  be  gin  asset  at

¥_g*Bdrrds#_._|zjrfe#fap--i-------------*
Position or Title

Address

(Please return to Raymond Paty, Director for Fellowships, Julius Rosenwald Fund,
4901  Ellis  Avenue,  Chicago,  Illinois.   Addressed,, stamped  envelope  is  enclosed.)



THE  Col,LEGE          February  25,1959

Zoological  Laboratory
38th St. and Woodland Ave.

£!.Ln®   George  M®   RegrLolds,
4901  Ellis  Avenue,
Chicago,  Illinois,

D6ar  =£rc  Reynolds8

¥ctir  request  for a  confidential  report  Concerlling }j{::#£=£fi:EL

Alsup,  addressed to  Professor Hcciung,  arrived  here  this  morning®
~ffi#=tely.  Dr,  I.j.Icclung  is  on his inray to  South Afri¢a and  ®almot

readily  be  re&®hed®

Mr®  Alsup  has  been  a gradrate  sjuudelit  in this  deparhaent  since  lasi;

Sept6mber  and  earolled  in  Dr.  M®Glung's  course  ir. Microscopic  An9.tongr®

In  Dr.  l',Icclungls  absefice  I  am  taking  over  .the  work  of  the Course.      i:I.

Alsupls  showing  imas  most excellent  in the  first  semesterts  wctrd„

I  believe  he  i¥meus  i;he  only  col®r©d man  in  a  gi~oup  ®f  35*  and  he   receivsd

a  grlde  ®f  ''A''  1.thich was  as  good  &s  the  achievanent  of  even  the  most

advanced  of  i!{qe  graduate  students  ifi  the  courge®      We  do  not  find,

ordinarily,  that  our  colored  students  make  such  good  grades  in  this

courseS  wl^|icii  reqtlires  the  exercise  of  considerabl5  jud5me2it,  and  this

is  to me  an  indication that }tr.  Alsup  -is  of  very lrmch more  than  average

eLbiliJt®#J  anong   standefits  of  his  raLce®

T]teTr§  Jc;rill_i   four®TD a

ASsist*iit    to   D?.   i`¥L=C lung

: .  i-.fi

•ri---,I

¥.i  :`.'.`.``'..    .  `         ¥`!``   T`REREissEng



JULIUS  ROSENWALD  FUND
4901  ELLIS  AVENUE

CHICAGO

Confidential Report on Candidate for Fellowship

Name  of  Candidate REP.  Fred  fflerthiEf  A|su

Report Requested of Dr.  i.  V.  Heilbrunn
~u-niversity  of jennsgrlvania

The above+named candidate has apphed to this Fund for a fellowship and has given your name as a
reference.  The candidate.s plan of work is attached.  Please return it with your statement.

We shall appreciate your frank opinion of this applicant's abilities and personal characteristics, and
an appraisal of his plan of work.   A" e4T]y reply to tht.s t.ttqw{ry wil} be of great 4sstst4ttce t" 4}lotui."g the
Fedowship Committee sufficient time for an adequate review of the large oumber Of candidates who apply
for  grants.

Your reply  will  be held in  strictest  confidence.

.:     Z-I .-., '`*

REPORT

1',11.   ire   :"~S   jilsup   a.ELrtle   t,r_`I   Perms+5rl~v-a_rlia   ti+|S   fL=ill.      I   have   been
-vTcrrv~   faTVTc,r.._r4.bl,hu-iTrrr.`eissed.   iLFjith    irim.      t^.t~   press-nt   k`e   is   t:+=iilg  ny

course   in   5ener&:.  ph5Tsiolog5r,   :i.nd  hc  is,   rllso   bl3£rinniri.g  research.
i+mi  the   pitrysiolTS`g:_r-{L3iTiLir="3  he   is   one   of  the   best,   if  not   the   bee,I,
stud.eii`t#  in  a  frcup  that  includes  about  20  gr8.duatos.    I=e  is  un-'tlsua]L1;r  intelligent,  and  shows  originality,   all.a,in  additiop„  he  i£]`
Ccnscient,ious   an.d.  izldustrious.      Clth   i+ie   i.¥'lricji3   i   'Gc|i~:i+re   I'€'Ir.   *L-£|sijLi3
compares   ver}7  faverabl}r  '8.I.it±:i.  arTj-of  the   a;radLuate   st.uclent"g  that   I
have  ±`iad  in  £`ecei`+t   year ff ,   and`  I  1nlave  had  a`  large  nun'£er.     He  hfig.   a
real  r3searc:t`|.  interest,   and_  the  results  +,ilfit  he  has .o`i3t.ai`ried  so  f£.r
i.n.   hi,s`   1:a.rrjT.-.I=   |>.3€31=   VerLT   i?rc.misin3.

drill   i-r4   all¥   i:|ersfore3   i   £`im  t;1ti€l  to  reccmimeni±  l'iim  wit.hoi`~i+,
rescrvaticn,   anfl  .  :ilope   th3`t   ;~~ou  ¥.rill  a.Eve  Lhi`g>   applica+,icin   serf.r!us
C0nSiCleratriQn.

i,

OVER



apos]i:i:Eeg%nmd;di::%ep:rr::npteyrst°on:]]#zgahn±g£:gf[tL¥sh?ichwouldmakeitdiffiedltto'obtainandho|d

--i:: -: =`;JJ,`-, fo t#''ff~ ed haft

&Ngrnd=___:____=______tixp__ul__:___ ________/  ulrf i tf t4:____==.=    ________,,___          _         _    __  _  __    __        _  ___  ___________   _______=____

position    or    Title_       ++-~\,.      .    {?+¥`  i:JiT_LT,       ith_;t`=+~`:____  +___  __;  I   ,"     __+t_=  i?      L'4L.=i4jT..:_.±==

Address         ;::c;c+ 1 i+±±._.:+:=l___. :i=:.`:..;C> 1:.a..:: clr±<`.i__.___i_i_=:'.:+i._i±±=±=_€±=..==_.;:i___..=;. ::  _i c i:::±= g;i:_:.i.i,:  =:ir` i ;+ ,... _..._..T___ .... _

i_      _._._   _     ._.    .         .   :fl=3-.Ii.._i::i-_i:`+i__i  a.._..  i__.i:._q_._.=.__    ..              ._   ___..__ ..... _._.___.__..._____ ........ T._==._    ._ .....   ___.__._.___.___.___Datej±±_==::_j±__±g=±

49oqLg|:1?sX?¥nnuet,°ctE:caBo¥e|Efi%roL:?rAF:i]r°e¥ssehd£::inJmu;hieudseE::;onp¥LLsdenFci:sde'd.)



UNIVERSITY  OF  MICHIGAN
ANN   ARBOR

DEPAFtTMENT   OF   CHEMISTRY

Feb.   2,7,   1939

FELLo\vA+.v,4sBri!§ps

|Lt,:r.   George  I;j'I.   Re~vnolds
4901  Ellis  Avenue

Chicago,   Illinc)is

Dear`  Sir:

.urth:*.:ifffiEL}ife#ifeLrfu;aRSg;CRE?mpl e t ed   an   introduc t ory
course  in  organic  chemistl.y  during,  the  summer  of  1938

ifi  which  he  I.eceived  an  A  grade.     Ptry  inpression  of

I,,,``Ir.  Alsup  was  very  favorable.     He  appeared  to  be

capable  and  intelligent,   industrious  and  interested
'

in  i+.is  wo.rk.       I,am  glad  to  recoirmiend  him  for  your

a ons id e r at i cm .

Vergr  trulgr  yours,

CSschoepfle/in

ca.

4l-#t/ckinChairman



JULIUS  ROSENWALD  FUND
4901  ELLIS  AVENUE

CHICAGO

Confidential Report on Candidate for Fellowship

Name  of  Candidatel£Lr.   F_¥__ed iape_r_t_hify  Als±±p

Report Requested of_ .... Dr.  A.  L.  Ferguson

UniveFsiijF  of  REiehig&n

The above+named candidate has applied to this Fund for a fellowship and has given your name as a
reference.  The candidate's plan of work is attached.  Please return it with your statement.

We shall appreciate your frank opinion of this applicant.s abilities and personal characteristics, and
an appraisal of his plan of work.   An e4y]y ycpIy to thi.s t.7tqwjry wjl} be of grc4t 4sst.st4ttce t." 4]]otuj"g the
Fedowship Committee suffic±eut time for an adequate review Of the large rmmber Of candidates who apply
for  grants.

Your  reply  will  be held  in  strictest  confidence.
-_~,,,.-,

•.',..,/...,.,.„,/'-;,,

REPORT   }#J€r.   F.  tS:£{F.   Alsup  had  a  course  with  me   in  elez¥ient&ry  physical
chemistry  last  summer  and  received  an  A-.    I~Iowever,   I  did
not  come  to  kriow  the  man  well  en.ough  to  pass  judgment  other
than riFhat  the  grade  indicates.

EREBE

OVER



apos]i:i:heg%nmdid:::%ep:rr::npteyrst°on:Lj:]¥zgah:g£:%iEtL¥sh?ichwouldmakeitdifficulttoobtainandho|d

:logs::LdonT¥p±=U=:_-_:==-=
Address___  __   _______I___ _     ___     AnrL______Ar_b__Qr_=!=___I_=±_-_£iQ___+h__±g±_an________                                                              _                             __              _             _     _I__  _±==__       _   __I___=±_±_____

Date__ }I!~{a_I.   _80!    I_95L±

49!Pi]aaiiL?sX?:rnnuet,°cthhi:a%:e|fiti:roL::rAF:iLr°e¥ssehd£?:taJmu:£eudse¥::;onp¥aLLsdenFci:sde'd.)



I-..'-.vdrty-_-
Jj

rL.=,+.` f=   ,riT~:.I  :.`i

Plan   of.   i:'Torlr.   a`nd.   I+?eport.

j

;  J:JL..L,g  r3=
iJE- i" . I---I •     ii:,fy?`:.i£

>fsejap-i-

I   `.nL9.ve   done   \.vor:J=   iri.   .Ph-7Sical   and   Or.g',9Lnic   Ch{3t'?iif5,t-.riJ   ?`t.    the    Univer8it?jL

•     o.f   :":ichigan.    I.^h.is   tj-t,Jor}€   at    lj''{ic:n_i;:t-8n   i.v.?+.S    taken.    to    ±'i+    r!18   b€3ttjer   I''rjr   in:,,j   prt?sent
`_-,

wor.k   aLnd   Stij.dit3S    3.n_   Gene+y-al   Physiolo£:':y   I.iere   at    t.h.e   TTnii.rf---`rsit.y   c3f   Penns¥lv3ti.i9`.

I   am   a.Iso   taki.zl.g,   an   advanced   coi].r.se   in  }t,J£Iicroscopic   Anatom?,J,    iri.as,'riuch   as   ,T[ost   tor
t+

m`.J   research   in   Gene.ral   Ph},'siolfj:;/   is   conce_rned  1..u.tit,h   cells.   At   the   pr'©s€3nt   tjime

I   am  wor`king   on.   t.he   .f irdt   Steige   of   ,T.y   research   and.   pl,g`..rl   to   su.o`rriit,,   fri.}J   results

for`  publicatiori   this   Sc`riool   yetlrt   This   present   research   is   concerned  -.,i,,rit}r:`

the  effects   of   light  ort_   i,he  colloidal  properties   of  prc)toplasr,I.   I  am

endeg.voz.ing   to   ti€'   up  !L;,J   results  -vvith   tbe   theory   of   stimulation   I.hat   has

been  advanced  b}J  Dr.   i.Y.Iieilbrunn,   and   that   id  being  well   supported  lay   the

resLilt,s   of  various   t;,TJ¢js   of  experifrierits   bc`i-lil:   done  on   the   protjoplaLsm  of

S ilr`ipIC-fo lL.-fiis,.

A_f`ter   I   have   complt;ited.  my   preseri.t   `If;ork  1,`.tit,h   li€h+,,    I   plan   to   work

vith   alt,8rriatiri.g  curr`ent   alone,   and   then  wit,h   the   t,v/o   stif^i.i.Jl_9`.ting  agents

togetheLi   {Jsing   the   two   togetht:=I`,   I  fou.nd  peculiar.  sensitiziri.g,   8ffe.c.ts   on   the

protoplasfi'i  of  juriof3bae  and,   a.s   no   expl.9+na.tions   for   these  effects   are   offered

in  preserlt  da5J  literature,   I  hope   t,O  find  these  expla.nations   in  ter!iis   of  the

colloidal  proper.ties   of  protoplasr{i.

|€!|oreoi<T{3i-.,.since   the   preserit   da}J   li+.erature   affords   ver3J   little

data   on   t.he  colloFd+al   properties   of  phs.gocyt8s   of  m9.mmg.Ii&n  blooc-',   I   plan  t,o

use   this   type  a.-f  matel.ial   in  later  experifnents.

5ndw . qu



]unlus  ROsENWALD  FUND
4901  ELLIS AVENUE

CHICIAGO

Confidential Report on Candichte for Fellowship

Name of Candidate ¥Elr.    Fred   ffi<¥f .

ReportRequestedoLEL±f.__.,___ngc.9lqu_g_=________i_______________________.._____=________==____,______=____==_==_____=

University  of Pennsylvania,  Philadelphia

The above+named candidate has applied to this Fund for a fellowship and has given your name as a
reference.  The candidate`s plan of work is attached.  Please return it with your statement.

We shall appreciate your frank opinion of this apphicant.s personal characteristics and qualifications,
and an appraisal of his plan of work and of his ability to make a noteworthy contribution in the field
of study proposed.   An early reply to this inquiry will be Of great assistance in diowing the Fedowship
aommdeee suSfictou time  for adequate consideration Of the  large "mber Of  candidates  who  apply for
or'4"ts.

Your reply will be held in strictest confidence.
try7nAp.&flrty

/

Director  for  Fellowships

REPORT

Mr®  Alsup  8howB  an aLptitude  for  biologleal  work  quite  un®oumon  among
Colored  stlideifes®        I do  not tisunLlly find that they take  very well  t®
research,  but he has  shown a  good  deal  ®f  lnltia;tive®     His  prhary
interest  is  in physiology and  I  am nde  Closely  in touch with his
problem,  though  I Imo" Dr.  H®ilbrunn thinks  ver5r favorably  of his work.
Concerning the value  of this Contribution,  I an afraid you will have
t® depend  on  the  opinion of  others,  since  it  is  too  far  remortyed from
ny own field to  enable me to  give  an  adequate  judgzaeife.     diy principal
&8sociati®n With REF.  Alsup m!as  in  a  oour§e  in mi€roso®pi¢  an&to"y erhi¢h
h©  took with me®      He  "ras  a good teehnl¢ian.,  a  Careful  and  Cooperative
worker,  a  good  artiste,  and rms  an  nA«  student  in this  Course.
Althongh he has  no  Sravybaeks which would stand  in the way of  suc¢e8sful
pursuit  of a seientifi€  career.  I may  say that^he  is  rmch better than
appears  from one.a  first  iiapressioas  and that the  longer I Imow hit,
the more  highfty do  I regard his effoi.ts  as  Compared with  other negro
quorkers  in  our  Depardrent|

OVER



Is the candidate free from personality handicaps which would make it difficult to obtain and hold
a position giving him opport.unity to udize his abihties?        7je*           A

im

Signed

Position or Title

Address___
®f   Z®®1®8y

Ehilndelphia*  Pa.

49oiE|iei:Sirveetn:g,t8£Lh:g¥:afaroLfs:rfedLd°r¥ssshefg,S'sEumhi;uesdRe:Sveeni¥paeL€sFeunncf:sed.



JULIUS  ROSENVALD  FUND
4901  ELLIS AVENUE

CHICAGO

Confidential Report on Candichte for Fellowship

Name of Candidate

Report Requested of_

Mr.   Fred  W.  Alsup

Dr.   D.  H.   Wrenrich

University  of Pennsylvalii&,  Philadelphia

The above+named candidate has applied to this Fund for a, fellowship and has given your name as a
reference.  The candidate's plan of work is attached.  Please return it with your statement.

We shall appreciate your frank opinion of this applicant's personal characteristics and qualifications,
and an appraisal of his plan of work and of his abihity to make a noteworthy contribution in the field
Of stndy praposed.   An ewly reply co this inquiry wth be Of great assistance in diowing the Fedowship
aommutee sufficient tine  for adequate consideration Of the  large rtumber Of  candidates  who  a,Ppky for
or4„ts.

Your reply will be held in strictest confidence.

REPORT

fatyffm`fro
Director  for  Fellowships

Mp.  Alsup has  been  a  sttident  in  my  course  in  protozoology
during  this  past  semester.    He  has  stown him_self  to  be  a  superior
student  and  made  the  highest,  grade  in  the  final  examination.    I
have  great  con.I-idence  in  his  ability  so  far  as  it  can be  jirdged
:rmcm  the  wopF. he  has  done  with me.    I  also   feel  that  he  has  a  per-
sonality  that  is  excellent  and  that  he  ch±ould be  sticcessful  in
future  professional  activities.

notI  am^qualified  to  pass  judgment  upon  his  plan  of research
since  this  is  not  in my field®    However,  judging  from his  general
qualifications,  I  should  suppose  that  he  would  be  very  sueeesrful.

OVER
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±       I T=:;~                 ` ,TBF¥€¥:5ii¥iFj€8EEEEfikiin: ~i3EaEg±=

Is the candidate free from personality handicaps which would make it difficult to obeain and hold
a position giving him opportunity to utitize his abilities?       ¥

n

`                           .ial

Signed

Position or Titlel¥:9f®S S®r  Of  #9±J2ffEL

AddressjLool.   fab. _.  UJfaive rsi t¥  of  Perm s¥lvLa:nfgfl±Iaflja±±p!±±a_±.===.,.¥aL.__.._.._

__DateuebE*ualny.   ±4._+_ _ 19_4®.LJ

49oLE{Le£:Sarveetnu:g,t8htLh:gDo¥:fL::roLfis:rfedLd°r¥ssshefg,S,sdu±L;uesdRe:Sveen]¥eLESFeunncf:sed.



THE  SCHOOL  OF  MEDICINE

Department of Physiology

_a_,ii£:---:-ji--:5

February  14t   1940

Mr.   George  M.   Reytrjolds
Director  fob  Fellowships

from  the  Julj.us  RoseLi,'i.wald   F`ur.d
Chicago ,Ill.

Dear  Sir:

I  am  sorry  not  to  be  able  to  give  you
the  desired  report  cancer.ming  REr.Fred  W.  Alsup.
REr.Alsup  is  at t ending  ny  lectures=s±:=i::ii:Ei::iF€f!FiH#ffl±ffllELfa
all  I  can  tell  you  about  him.  As  far  as  I  ]mow,
he  does  laboratory  work  wit,h  Dr.  V.Heilbrunri  iri_
the  Zoology  Institute  of  this  University,  and
I  believe  you  can  get  from  him  a  report.

sir.cerel}r  yours

\L-,.`..,,:,'..,

E=

I,+             ,                      r       <                   --`



JULIUS  ROSENVAID  FUND
4901  ELLIS AVENUE

CHICAGO

Confidential Report on Candidate for Fellowship

Name of Candidate

Report Requested t

}T¥|r.   Fred  TfL   Alsup

THE.   #.   .r&cobs

Universi.ty  of  Pennaylvflnia,  Philg.delphia

The above+named candidate has apphied to this Fund for a fellowship and has given your name as a
reference.  The candidate's plan of work is attached.  Please return it with your statement.

We shall appreciate your frank opinion of this appticant.s personal chara,cteristics and qualifications,
and an appraisal of his plan of work and of his ability to make a noteworthy contribution in the field
of study proposed.   Am echy reply to this inquiry wth be Of great assistance in diowing the Fenowship
aommidee suSficiem time  for adequate consideration Of the  large rmmber Of  candidates  who  apply for
orants.

Your reply will be held in strictest confidence.

REPORT

ifeinm`flife
Director  for  Fellowsbips

mr.  Alsup  h&s  been  attending  One  ®f qpr  gradu&t®  ®l.s8®s  since
last  O®tob®r,  but  lnas"®h  &8  the xp®rk  so  fa.r h&S  Consisted  entirely
®f  l®®tur®8  I  hate had  no wry  of` forining  a  first-hand  ®pini®n  ®f  his

::::::gi ®. Su:h::£°:::t&:r: f#:: rh:: # E::Lfr==°ip::S#::eh:e£:a
been working thinks  t®]ry.  highly  of  him,  but  you hate  doubtless  aL1-
ready heard  from Dr.  Heilbrurm  dir®®tly,  or rill  in the  near  future®

OVER
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Is the candidate free from personahity handicaps which would make it difficult to obtain and hold
a position _giving hipr_ Qpportunit¥ to utfhae his _abi±ities? _~_
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position or TitlerfginAddress_._
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JULIUs  RQSENWALD   Funro 1,,   finJ#,1,Sf  r,:,Si

'   ,,   rty   i       I-,

:::1::;:::nofo: ::;:::i::in;::rs:::::e:: ::::: ::u:sE:::::i:F!±?f?;nd of your plan
Please  attach

of work  for  the  coming  year.

IName                            |Tred  ijiertiL+ljr  disiii3      rBjud w  qRjctAAlti    Qfl£1|P
_I_______`_--_                          --®

Present   address      :3i3;+L5   S-fri~£Ssiti+:   ¥tF8€:bg    fiiil+:+L`etl.i;£i=„    i €il£~i¥_i-1V_i_ii_i:a,_i_i_ __ _TriT. ~~~~~~~~

Permanent   address        fl3   -£=±_i   .ivS£`±uS®       n:TF~!:kLe      ag£_vii] iiGf i-A€ SS€  --c

'li' rJRi   . -''    ,.#jH*¥iJ   .I-"#±.¥`,    ,gr,-"  ;Field_r;6`fi8r.:-i._1i-±~i-;j-sial_£~{=iijj:;gj:|ul€ir    i~L+.11-,rsiol o6y )

Concise   Statement   of     lan  of  work  =t=   f`--r-tis;-i *u!J    Scj;-£tiitfd€:
.  i,-i;i-.    i,o7S±-l=     5i..i     =:±i€ CCllC;id::tLITT;J`+:`ft;-

i?,fiJr-ticL,`¥`    rJ-i`    iJ rSi=j Jb ,Ji=il:-i-i;i.i.:®1 i=.i:.I,,i i.i       -a jofL)i
¢L-:I;`~guf=;.AI       i:I;  + f=o      C ;.i::-.i`ii;`,€; :£j rj r a cl. .u c i €,   i i :i -§J i!, i ¢=, a.5 Ji i+h_.,Zap&=}i,¥:i-¢L!j:L ti=r   e¥-.;          ;'giv-,ij,ju    J

i,i,;Otod;rna-t:';ic   `a.c+uic;n9    :r+|t erllf=ti:+.::.- Sthtlrr.8t-Ai; JJl oi,:ic    a.i-ifl: •ii +ue|-ir-i._`ttirif'j C 'tl r` I e i`it    i`c;..1i a.,"i.d    `prliin±  gle

i=J.jFi€. Cf:1;fled.     TiS:;,p   i.igiii:.        i ;::i_. '`i,  ,i
-;£;      q¢,:I,,.ige:;i       -'

is©     fi£-1C-i     G
+T¥b;iji 1 a `v .1      i.`rf:j`.i

rsi:.:•-.tifJi-rig i3,,1     -itJL,_C`,        ei=;.`i =JGEi8:i'bi`=ji.i     t=`fd

qt;~i€:     fsLlrroiLi=-ic} irt,;~..    I  ;Cdi:..:i. S=1iT'j+eat,    t::'d€`rf
-J €- C ?i. 1 i , -. irfuA ;::I. a .t :1-  G I -"  ;¥a `-+,u.i f3 i i: r .-:+, .i`; € i?:, ®jdJ    #61 ig'®

If  fellowship  is  renewed,  wher`e  and  how  do  you  propose  to  spend  your  time?

i    -,3T|!ri:Lraja   #uorm?`P€2iff;    i;lie    guj„£+jsF    Gifro    lFi£];i    :i,*tr.  ti-dc    . ilr.iil8.    ~jiGISfic.=|i    L``Tl.iJorj'iwi£Sri-.:i*iid    t-iie    rcE:t    Of-+^>--,n®       ,I

_=¥L==_i_==.____I_±T_¥._===,_LJ`u_T=,_uv'¥=~-t_9_+_r.-I_¥_,___LjL±_i__:±_¥_.._lil__._+:.____:,,jb.!±y_i£_.i___i-LIL±±______¥_.±_____|L_c=:_i`.i_±¥_fT_,i_:_i__¥__,=_±__a.i.=L_£_________,=,t._.__±pl=i:==±_±____9++_tj_.yi__I+_¥_+,____`:-i__{_uf_`_I.__¥.____g_±my

+uirrie   to   r'es6;li-3i-„       =L   S±]"ail    CSii=ijie+€   v+Fork   --i.+u   t:ie   .L`nivLrsit;r~   e;ri   hi}'   rife,  dtirS`€„e,

.+u   t++e    .nivLrs|+ujJ~   e;£1   hi:'   riiiJ,  dtrLr¢-t.

Under  whose  supervision? 5.p;r.    i.    *`±,ts    '-E~utiibrunn.

For  what  period  are  you  requesting  a  renewal? |'}ee-u      3gr3~d8=CL     uP€r.  fs     |ct~i-U-|{:dr|.i.

present    sta,bus    of   work    toward    degree i.====________T==T  _____=__L_:_______.______LL-.-- i

iftsrt:    on   m¥    €iLgigig.         ==    i:,blfjt+i    +ub=j     i;:ji:€€    irL:,-jTlr.Sii*.tiifi¢+iap±T    :_i{if     fiii:-`'T|     e>2;t'_t.i:iiLi:i^-bit:I;'=£;    -ipic,:ti;    jrii,  r.
•T_=T-I    -_--             _i-__I_---- `=      __I ,---      =T          -_:_.-_-__-_      -----     :I---_==-_-__--__T    ,-_--.__,     i-L=._    --,. ____    -i-_       __     -_--__-              -_  .,.-.-   :i,     I_I_i         __-,`       I     i    _',_    _=,,,_i__.-i.I_-T==        _--..  __     _I._.        T_.      =      .-_  --.- :i-.._-_                  .=L._ --.-_=L=-_    _    ._._    ,i:,-_:    __.I    __    __,__     --=._     I     -             -I     .-             _I_i     _.----,--   _    --_-=t=_-_--=

List  as  references  givpersons  under  whom  you  have  worked  during  you*  Present  fellifeoEship
T_           i       TT          i"~®.ii..rfe®pe.r_           -qu                iL+`         tr                         g       -r4._          Try~                _¥_       _..~,T       fty.~~           t~-_,.^.            .T._       ,AL                         „4TI       TCF.     i.T\un.     t€i|;;ru2.jn9     Hi:ir.     -i*     T=.      b,e=-*riSidh9     £pr.     :`.   A.     c=-`~f=c;bE    ,i,±i€;     i.gr.     I-`c;Jar,,    i_-:I.J.,je       S,'Jlthl{i„

JILL     -Lnof=ue      `|-lia`¥!fo+I         -_I       iT.TELL    -iH-.t     1   rfuu,`t.`=~jLu    :`}    in„.,5     ,_              -8:-u     j!.iv.j~L   =jriT   +       ._a     -_i-.I     ?I:      i:`#-.|rTu3|Or.t   "      +.€'     i.a     _    i+.

i

Amount  reqLiested  from  the  Fund Fjluuu{Ldle3
•ir`rfcuLg4Tiqi|;i++.    =Gil.~?I.r8 i

-            -__  -     __     i_    _______  _  __  _  __:__  -_i-=i=_  __-_  __

Publications,  if  any,  since  you  were  awarded  a  fellowshipS'r   |St€`€h!-,"`i..LL]='fuc     .Li6=,h5faa=,,~-i     ihar.     t.4S.

=+i+H.ir.F.i.,E+'..i-„:::+.:..-.t.I.:;`,P..+`./\„.t`\,LL.i.i..,;-i..'„qp.`T:.\L,+,itp.:,.,„t.il.i,:,.,.:f',i,iF.--,-t[L,i,t.:+`,-inFi„:::iEL:+--Lli:=-i.-I.:"itJ+--T-T[:;;.:lil;;i:''c=.;-±-_:::I

Are  you  applying  elsewhere  for  a  fe.llowship?   If  so,  where?

Do  you  plan  to  return  to  your  former  position?



Lffi
Ncm® Fred t#ferthly  Alsup

5628  Sansom  Street
Philadelphia,  Pennaylvania TREAPPO±E+FH,,gr-ffif¢T

H®ld:         Bioloor

Plm  Of Work
To  continne work  on  the  colloidal  properties  of  protoplasm.    I  plan  two

study  the  changes  produced  in  these  properties  ty  Photodynanic  action,  &1termating
cur.rent alone,  and  alternating  cur.rent  followed  and  preceded by  light.    I  also  tF#rish
to  find  out hoTiT  variations  in the  composition  of  the  surrounding  media  affect  the
pecut.iar  actions  of  citrates  on  cells.

1{F,fishes  to  spend  summer  of  1940  at  REarine  Biological  Laboratory  and
balance  of  school year  at  Universit=,r  of  PenngErlvania  to  complete  work  on Ph.D.

Persond Dcta Born  Nashville,  Tennessee,  August,  1914.
¥L*|arried,  one  Child.

Undergraduafro Work      ',  Fisk  University,  A.  8. ,1954.

Ghadnd® Work

Expchonc®

Accomphihm®btg

Pubiication`s:

Fisk  University,  i;`]€.  A.,1936.

University  of  Pennsylvar]iia,  1958  -.

Head,  Science  Department,  it{.{orristoum  College,   Tennessee,
1956-58,   q$700.

drticle  in Pkysiolo£+ical  Zoolo.ny.

F%ft:Ir  undergradtrate  scholarships  at risk,  1951-54,  #150;
two  gra,duate.  fellowships,  1954:-56,  £j500;  two  Rosenwald
fellowships,  1938-E9,  1959ndo,  total  of  $2000.

Rderoncco
Ij.   V.  Heilbl.unn
D.  H.  Tirermich
if|.  H.  Jacobs
Dr.  Hober
c.  v.  Trdcc|un8

tall  of University  of Pennaylvania}

Ago:      £5

Budget  SuErmaEry

Tctd hiount  "eeded    #jl000.00
From Applicant
From rend

AMOUNT GRANTED

£1000.00



+jfLoruiuss   -lJI`rDfll`JL  i`,iY   PliffsE+!T   GFu'iLjT

PLEASE  CgTWBN
HEiiiE

|riavecotk+pletedexperiiijentcLlworlcoriseveralproblemsdefe¥rfuprg¥S:i~:8,c¥
of  ordinar.y  light  ori  tile  colloidal  i3rcJ£-jerties  of  tile   cortex  rELzld  inner  .:.ortioris  of
cells   (dr:oeba`   proteus  and  A.   dubia.).     Tiiese.  experirijelits  were  perfomjed  on  cells
il:rmersed!   1±'1  nor-#a.i   culture  lfledia,   iiri  solutioris   Containii^i±  singlet  catioiis   (ljotas-
sium  and.   Sodiuhi),   arid  in   solutions   (citr:!Lte}   wi^iicii  rei-i]oved   Calcium  i`roiL  tile   cells.
Ordinary  light  was  found  to  a.ffect  iJr.otoi)lei.srfri  ii-I  ways  differe~Ilt  fro+£j  all   otiier   i,ti-
mulating  ager}ts  ti'iat  .iiave  been   studied  by   otiier  wori€er=;.      '|-+e   reiijoval   or  c.`|ciui.1
fron;  ti.ie   cells  pr.eve:1ted  t-ut'ie  actiori  of  lignt   oln+  protoi)latil.     iL`iie  results  of  tiiese
experiii~:erits  9vre  now  being  t'¥'ritten  uio  for.   er9+rl-}`-  publicatiori  ci;'iG  as  a  tjiesis   I.or  t;ie
|3|ri.D.   degree.

I  an  also  writing.  up   for   eE,1,.-fly  i3uLjlica.tlofi   sort+e   experiiLeiits   Ori  i3iiotody±-i#+niic
Action  in  t2'le   eggs   of  3'?ereis  li.ifjbEajta.      riTi+1e   results   of  tilese   ej[per.ill:eri+us   sl+ov`v-  tiiat
wi'ien  cells  ijlrfilerged  in  solutions  of  iluorescenJu  dy-es  ar.e  expc)sed  to  light,   ti-ieljr
becorije  Lq.ctiva.ted   (cleave   *Jar.ti-ieriofei+ieticall}-) ,   si'-low  nuclear  br6`akGovvii,   6`xtrucie   cor.-
tical  jell;v.  and   cytolyze.      Ti-iese  pflotody.ila.1-ilc   efi-`ec-bs  v`,ere  fourid  not   to   occur  ii--1
tile  abscellce   of  i-res   ox.ygerl,   but  to   be  increased   by  potgLssiurij   cyanide,   I.=1  salt  ®iiicii
prevei'its   cellul,3.r  respir:|tio-fi.      ,`+;~L;.fr,n.i,itative;  da.ta  vt.Jere   obtaified   on  ti-ie  Va.rill.tioz^i
of  photodyrianic   effectL,s  witli   concei+Jur3.ticm  oi-  dyes  and  lel^iati`i  of  exposur`e  to  ligi-it.
These   results  were   reported  last   sui-+-jmer  ail   .ti'ie   {':,!ei`1eral   Scieritific  Leetil-iL  iield  a~L
trie   -jgiariiie   j.3iolo€,ical   La.boratory,    I.j`jods   i,'4ole,   +,:tiss.      ri:Ei   tL~Ds+urt-F+ct   o±`   tiiis   reFor.t
lfiay  be   found  in  ti'-+e   Ccto`oer  issue   of-  tile   i3|ologicE`,~1   .juilctij.„

I  fiave   fulf.illed  tile   foreigri  18.-£^iguaE.:e   requ±±eiJelits   i:`..;--,I.i:.   ~L,.ie   course   requirehjei`its
for  til_e   fi'1.I`.   clef;r.e€   in   (ieneral   I'iiysiology.      :i:   i'ig.ve   beei`i   f`,:JIG   to   leg3.d  -i-j5r   clgtsseg,.

I  i-ia,ve   been  electecl.   to  ri-!embersi-ii+i  iri   si8iija  3ti,   t.+c,        Lional  =Ior}orary   scieii-
tific   Socie.+yr,   ~|ilti   a+1so   to   i-£jel-i'jbersi`lip   izi   t±-+e   i-`'ilil;=.tc:el.i.i`ii`,   +`j.i.rsiological   Societ}-.

i--:IjA-      C`F  t`w.OFti¢   Et}R   Ti-I.-.    C0i't'|±jL+   ¥j±iAJi

In  sohe  earlier  experiii.ients  tile  results   0±.  wi:iheii  i-iave  alref=3.dy  beeri  .uu'Slisried,
I  fourid  i;'iat  stiiiiulatiori  by  ligfit  seri.sitizes  an  ajjoeba  to  subsequellt  stiriiulation
by  alter-fiatirig   curr.e±^it  arid   vice  v+€rsa.     As  w=..s  ri;eritioried   :.I.iJove,   I  iiave  just   coFj-
pleted   experi:`r.jerits  c`iealiil{-.~`,  v!riti'+  ¢i'ie   effects   of  light   oil  tile   colloic`+al  pl-operties
Of  tj-tis   Sit-ixple   protoplasri'j.      I  wisi^i  to   carFy   out  duri±1g.  tile   corilin8   sci-iool   yell,r   soii.+€
e,xperii:jents   desig}ied   to   sfioviJ  +iovtj'   -tiiese   -two   stimuli=`;.ting  abellts   \iv'iie±1  used   togefijler
Hray  affect   tile   colloicla.1   iJroperties   oi`  i3rotorjlasn-I,   tri3Lfld  `u-ul'iereby-  get  a  better  irisigi.it
of  ti-ie  i3rocesses  iiivolved  in  tiie  hjeculi:=.r  sensitiz`cition  just  file;itioriec}..

i``,=y   recent   exi3eriijjeiits   indic;3Lte  tliat   ordifi&iny  ligiit  +jroduces   on  ±3rotoplf`--isiij
8f.fects  differerit  froi-.i  tiiose  ijroduced  by  ultra-viole+u  liLnt.     fliotodj-riarjic  Actiori
is  in  some  respects  silrilar  tiiat  of  ultra-'violet  ligrit  and  I  i31ari  to  see  now-  far
this   si-ifeilE3rity  fiold.s   for  ef±.ectg,   of  tii6  tv,'o  agerits  ori   collolc-ial  +Jropert:ies   o±.
Sirxple  pro+opla8m

Alti.iou6i-1   cl+urELes  usuall-jr  £Jrev6i-it   coijt,ulLa.tioil   of   Olooc-„   tiiey  ar.e  a,.1so  kllowri
under.   certai}^i   Co.riciltions   to   I-E3.Vcr   coagulation  'of   blood.     .L,=oreovc3r,   Citrates  i+jay
prevent   Cells   froiij  res`f.jolidiflg  to   stiijju+3.Ltioii,   or  ti'iey  fi-jay  tl+eriselves   stihiulate
cells.     In  tile   course   cf  ray  recelit  e]£peri.fije!-its  I  fouild  til€-.-:   citrates   sofuetiiljeb  de-
crease,  €`Lnd   sc)i-rietiE]es  iricrea..se   ti-ie  Viscosit5,'-  o±.  LJrotof,lasl=.     ::0   data  are  available
in  press-fit  day  liter.ature  on  {iovv.  closel .,,.  ti-ie  peculiar  el.I.ects  ul.  citr€Ltes  are  ti6Q
u.j  wit;-i  varif_itions  iri  ti'ie   co;I:i3Ositiori  0±.  +bile  media  surroufidiliE,   cells.      i  flope  to
do   some   `u-.fork   oi-1   t-iiis    lroDler:I.-

Since   I  fiave   coIlipleted.  Iij;-   cour.se   re:£uirel.ielits,   :`:  ',r,,'ill   sjenci  tile   gre€;..ter.  pt,Lrt
of  my  tin`!e   doii-ig  r.esearci.  work.      r.TEiere±.ore,   I   siia.Il   be  able  to  v`jrorK   orl  all   ol.  ti-1e

.LJr`Oblel.rjs   till?..t   irive   cl}.eveloped   i.ninE   fror£'j   r:]y   previous   wc,r.l':.      i`-.   .318..fi   to   si3ezid   t_ie   com-
ing   surzjrier  doir+a,  rese8.rc'£~i  at  t .-.-. e   -_~3.rifle   ?3iolot`ical  Lg.bor{?+torjr  and   sriall   sfjelid  tile

:i;£:;:3:r::;¥::c:+::::::::::.:t::.;:;+::::;rr¥::::I::;;sr;:::=;:I:,:tj.::i:i:.;:1:~:::1::±:r]..1:=t:71:::i::::I::;i_
I  will   be  ti.i.e   first   student  uilci.er  Dri   --eiltjrunli  to  get  tile,  €.e.il`ee  iri  ELs  siiort  a.
t±rre a.s three -years.                                             y5pAAW. ang



I.E¥TRES  0F  REFE,REHCE

Fred 4ff|ife

E=iLIS.  V.  Heilbrunn,  Associate  Professor  of  Zoology,  University  of
Pennsylvania ,  Phil&d.elphia

Mr.  Alsup  is  one  of  the ablest  students  I  have  had  in

recent years,  and  he  shows  a  fine  aptitude  for  research.    I  am therefore

hoping  that  his  fello"Ship  Hill  be  extended.

fflr.  Alsup's  ability  as  8.  student  is  evidenced.  tHr  the

fact  that  he  led  his  class  in  two  graduate  courses  Hli.ich he  has taken here.

These  a.re  the  only two  large  grg,.dug,te  courses  which RIr.  Alsup has  taken,

and  in  both  inst&nees  the  coxpetition  was  severe.

On  the  research  side  REr.  Alsup  is  unusu8.lly capable.

He  shows  originality  and he  is  able  to  think his  problems  through ty  himself .

In  addition  he  works  very  h&rci.  and  his  experimental  technique  in  the  labora-

tory  is  excellent.

Dr.  D.  H.  ELe;E=±SE,  Professor  of  Zoology,  University  of  Penns}.rlvania

fifr.  Alsup  has  been  a  student  in  ngr course  in  protozoology

during  this  past  semester.    He  has  shcmn  himself  to  be  a  superior  student

and  made  the  highest  grade  in the  final  exa.mination.    I  have great  confidence

in  his  abilitytr so  far  as  it  can be  judged  from the  work he  has  done  with me.

I  a.1so feel  that  he  has  a  p€:rsonality  that  is  excellent  and  that  he  should  be

successful  in future  professional  activities.

I  am not  qualified  to  pass  judgment  upon  his  plan  of  re-

search  since  this  is  not  in  nor  field.    However,  judging  from.  his  general

ciunlifications,  I  should  suppose  that  he  wotild  be  very  successft]|.
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Dr.  C®  E.  REec±}±g±g,  Chairrmn,  Department  of  Zoology,  University  of
Pemaylvania.

ffir.  filsup  shows  an  aptitude  for  biologic8.1 work  quite  un-

common  among  colored  st,udents.    I  do  not  usua,1ky  find  that  they  t8_ke  very

well  to reseg®rch,  but  he  has  shown a  goes deal  of  initiative.    His  priznary

interest  is  in  ptrysiology  and  I  &m not  closely  in  touch with his  problem,

thongh  I  Imow Dr.  Heilbrurm  thinks  very f a.vor&bly  of  his  work.    Concerning

the  v&1ue  of  this  contribution,  I  &m afraid  you will  have  to  depend  on  the

opinion of  others,  since  it  is  too  fa,r  removed from ngr  arm  field  to  enable  me

to  give  an  adequate  judgment.    My  principal  association with Mr.  Alsup  Has  in

a  course  in  microscopic  anatolnyr  which  he  took  with  me.    He  wa,s  a  good  techni-

cian,  a  careful  and  cooperative  worker,  a  good  al.tist,  and  was  an  ''A"  student

in this  eounse.

Although  he  has  no  drawb8,cks  "hich would  sta.nd  in  the  way

of  successful  pursuit  of  a  Scientific  career,  I  may say that  he  is  much  better

than  appears  from  one's  first  impressions  and  that  the  longer  I  Imow  him,  the

more  highly  d.a  I  regard  his  efforts  &s  conprred  with other  Hegro  workers  in  our

department.

Dr.  RE.  H_.  Jacobs,  Professor  of  Genel.al  Physiolog]r,  Unive.rsity of  Permsylvania

Efr.  Alsup  has  been  attending  one  of  my gr&~{duate cia,sses  since
i,`.  `

last  October,  but  inasmuch as  the  work  so  far  has  consisted  entirely  of  lectures

I  hg.ve  had  no wa.y  of  forming  a first-hand  opinion of  his  ability.    Such reports

&s  I  have had  of  him frolfi  others have  been favors.ble..    I  know  that  Professor

L.  V.  Heilbrunn  with whom he  has  been  working  thinks very  highly  of  him.

Dr®  R.  Hober,  Department  of  Ptrysiology,  University  of  Penns}.rlvs.nia

"tr.  Fred ffl.  Alsup  is  attending  ry  lectures,  but  that  is  all  I

can  tell  you  about  him.    As  far  &s  I  Imow,  he  does  labors.Ltory  urork with

Dr.  Heilbrunn,  and  I  believe you  can  g.et  from  him a  report.
AH
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I   :igive   done   work   in   Ph;7Sical   pLmd   Organic   Che.riistl`}J   €`;.t   thci   T_Tniver.£it`j
t.,

of   I.I,iichigan.    rli'iis   i.,I,,ror'H   gi+`,   ??ichi€;an  Ti`/as   takerl   to   fit   rrie   better   I.c}r.   £ri.}J   present

world  and   studies   in  Genet.al   Physiology  at   th~e  LTniversi+,}J   of   Pennsylva`nia.

I   aln   also   tiiking   8.n   ad.vanced   course   in   i.`,ticroscopic   J`rLg,torri~-:,;,    inasmuc'.'i   as   ,fttost
L=

of.   rTi3J   v=,fork   in   General   Ph;Jsiolog;J   is   concerned   ij.fit,.L``.   cells.   f'l+t   the   present   ti.me

I   9Lm  working   on   t.he   first   stage   o.I  in:}J   research   a.nd   plan   to   Subr!it.   priLJ   results

.for.  publicf.2ition   this   sc.h.oo.i   year.   This  present   research   is   concerned   'vvith

the  effects   a.f  ligh+u   on  the   colloidal  propertit?s  of  protoplasm.   I  ::im

endeavoring  to   tie   up  f,-i:/   r.esult,S   wit,fi   thc3   +theory   of   Sti.r`,'`ilation   that   has   been

advanced   by  Dr.   i.TVT.Heilbrt`iri-n,`and   that   is   being  well   supported  by   the   results

of  various   t};pes   of  experilnents   on  t.he  protoplasm  of  sirriple  forrris.

LLf`ter   I   have   colt.-ipleted  my  present  work  with   lil-`ht,   I   plan   +.,o  work

w.ith  alternating  currents  alone,   and  then  with  the   two  stimulating  agents

together..   Using  the  i-wo  together,`   I  found  peculiar  sensi+iizing  effect,s   on  t,h.a

`.rotopl:isili  3f  amoebae   ani`i`,   ;|s  no   explai.+ations   of   these;a   effects   are   off8l`ed
\

in   the  presfjnt,  c't!~iy   literature,   I  hope   to   firid   i.hose  e:cplanations   ill.  terms

of   t.he   collo.ida.i   t>roper'ties   of  protoplasj`i.-

'&{oreovei.,   since   the  present,  day  literature  affords  ver}J  li+tie  data

rapa`*-

on   the   cr}11oid8.1   propc;`r'tics   of   phgigoc}'+.es   of  !TiaiTurna.1ian   'clood,   I   plan   tin

ilse  this  material   ii`i  later  €jxperiments.

¥Lul W . qu

•ii-

j
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¥¥±_£__RE_.__.I_Aife

Dr.  H.  Irene fg±§][,  Assist&Ht  to  Dr.  Effccfung,  Department  Qf  Zoology,  Hniversity
of Permsyivania

¥®ur  req&est  for  a  confidentia.1  report  concerning  Efr.  Fred

ffl.  Alsup,  addressed  to  Professor  fi+Ecclung,  arrived  here  this  mornirig.    Hnfor-

ttinately]  Dr.  ELflcGlung  is  on  his  w&F t®  South  Africa  and  c&rmot  re&dilF be

reached.

Efr.  Alstip has been a  gr&dr&te  student  in this  department

since  last  September  and  enrolled  in Dr.  fflcchang' s  course  in  REicroscopic

Ariatomy.    In Dr.  ifeciung's  absence  I  am talcing  over  the  work  of  the  course.

REbe.  Alsupls  showing  was  most  excellerfu  in  the  first  semester's  i`ayork.     I  be-

1isve  he  was  the  orEly  colored ,Ran  in  a  groun  of  55,  and.  he  received  a  grade  of-

''A"  fflhich  was  as  good  as  the  achievemsat  of  even  the  most  advanced  of  the

gr&drate  students  in the  course.    We  do  not  find,  ordin&rilF,  that  our  colored

students  made  snch good  grades  in this  course,  "hich requires  the  exercise  of

considerable  judgment,  and this  is  to  me  an  indication  that  Efr.  .&1sup  is  of

very "ch  more  than &ver&g©  ability among  students  of  his  race.

Dr.  I.  V..  HeilbL=]±±!±,  Associate  Professor  of  Zoology,  UniversitF  of  Pennsylvania

REP.  Alstlp  came  t®  Pennsylvania  this  fall.     I  hapve  been very

favorablF  ixpressed with him.    At  present  he  is  taking.my  course  in  general
\

physiolog5r,  and  he  is  also  begirming research.    In the  physiology  course  he  is

one  of the best,  if not  the  best,  student  in a  group that  includes  about  £0

gr&ducq.tea.    He  is  nnusti&11y  iHtelligeat  and  shows  originality,  and,  in  addition,
\

he  is  conseieatious  and  industrious.    On  the  whole  I  believe  Ejfr.  AlsTip  compares

very  favorably with  any ®f the  graduate  students  that  I  h&veJ had  in  recent  years,



Letters  of  Reference  -Fred  ¥if;.  Alsup 2

and  I  have  had  a  large  rmmber.    He  has  a  res.1  research  interest,  and  the

results  tha+i  he  has  obtained  so  far  in his  ThFork  look very promising.

All  in  all,  therefore,  I  am glad  tc>  recommend  him without

reservation,  and  I hope  that  you will  give his, application  serious  consid-

eration,

E£Life_._&Q;kgeLE±±g,  ChairmaLn,  Departmerfu  of  Chemistry,  University  of  rELichig&n

"tr.  Alsup  eoxpleted  &n  introdrctory  course  in Organic

chemistr*y  during  the  summer  of  1958  in whic-h  he  received  an A  grade.    REP  im

pression  ®f  Efr.  Alsup  was  very  f&v®r&ble.    He  appeared  to  be  capable  and  in-

telligent,  industrious  and  interested  in  his  T¥ork.    I  &m gis.a  to recommend him

for  your.  consideration.



lET¥ERS   0F  REFE`RERTCE

Fred WertliifaEL

Ere  .fr.  TL"  Egfg±±son,  Associate  Professor  of  Chemistry,  University'  of  REichigan

REF.  Al.sup  had  a  course  with me  in  eleffie-nfary  phgrsical

el-iemistr}7  last  summer  and  received  an  A-.     However,  I  did  not  come  to  know

the  mEm  iLnyell  enough  to  pass  jtidgment  other  than  what  the  grade  ifidicates®

•     ifro
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#tateEent   of   f.1:TLn   of  -.-`.i.ark

}Jir  v,fork  is  to   be   cn   cirLe   cf  the-;  Host  bclffling  p.roblems   of  modem

p+1:uTsiolcEir.      I  Loi3c`   to  add   sorrie   .tlfTiing   to   ttI*e   ±T)I.€Send   d=J.y   inform,¥Ltion  about

w}-lab   efi`ect   stiFLeulGTLting  agents  }'ig,v€   c>n   t±i€.   proJULuoplasm   of   livin£=   cells.

Tnis  ij`¥-C>rl*=  \'.`ill   ol'  n€c€fEsity   involve   Th-+fork   on   sirin}ple   forzr+s   tin t  +¥-r'ill   live

hnc3.®r  t}.ie   collditi=,ns   of  exiJer.ii-dents   invc-1ving  `stiE-iul{t3.ticms  by   c}±€#:ic,=--.1.1s,

ulLr.a-viclct   light,   €.1€.ctricit}r  `f2Lnd  simil;=.r  Elf.ents.     T¥-+e   protozoan  ifeoeba

being   ewe   of  tl-i8   simi3le.st  find  bE;sJu-u  ariimi=Lls  for  tl-.is   sort   of  worlpr,  will  be

use.a  unle,ss   some   of  tl-'+€   a.tLer   organig+ms  ~to  b€,  us€£_  give   t}€t,ter  results.   .

t`ffi`£ile  fit   Fislc   I  did  experim€nts   cn   tl-ie   relationslr_lps   of  s±.ocks  b}r   lig}-it

and_  a,1t€rng.ting   current   on  the   i3+otoplasm.   of  Ar:o€t}`¥i   pro€t€,us.      T¥rfu€se.

•        expeTfiments   tt.ere   v€r}r   suet,ssful   and.   suffest€d   otl`-i€-r.   i3rob.le+His   1,*{j`i-lose

St'1Ving   Shculd   f=:id   in  understandirig  t\-.I'iELt   is   I+apj.rieninE+   to  =JrotojJIEism  vgjrllen  i+

is  stiEul?.ted.

I  k¥LVC   btcn  acceptE,d.  by   Dr.  .Ij.   V.   I-=eilbrurin   of   the   T.Tnivc;rsit}r   :f

Fenris5rlva±-iia  g~s   a.   student.      I   si.iall  b€   `E,,'orking  totFi=-ard.   tl`'ie  de=.res   of

rjGctor   of  F13ilosc>pl-.-y.      Br.   E?eilbrurin  is   onc}   of  the   `.JiGneers   in   the

fie-1d   involving  I+te   study   of  chp+n£:es   iii  protcii3lLD.gff+  uj3c}1   stimul`a.tion.

.all   in:ET   exp6r.m€.nt=3.1  i-!]-Gr`k   dane   f=`it  the   tTnivergjity   of   f.renlis:.+v,ariia``t,fill

be   pu'blished  as   sSSn  as  it  is  deemed  fit  for  su.cF±.

Any  i.t#.,'.ark   th3+      yieldf,   gn   e3r.plant-*ticn   of  i..otHpr  i=jrotopl3.SFT,   is   eff€ct€d

b-r   Stimul£j.ting Etg€--nts  will   bc   of  £Te:~lt   v`Tf.Iue   in   tl.*e   fie-1d   of  Phtr[ Sic.1oE5r.

Since   all   pr.otopl,£Lsm  has   TJer3.,I  muc7j-1  the   sf`=-:tzrj-.e   cclnstitudficn,   results   €xi3lainizig

Lo¥{-protoi31=!,sE:   is    cr`_ug€,c`..    to   resi`-,onc-    =--i,n€   Eilsc   to   c€¥.s€    r€sponc:iflE,   wo.iild   ±it=-.v€

31r.ost   ii¥rrj.€,:i.sui.`;i.ble   v.I:1u€„      I  ho.:.i6   to   pur.sue   this   ijrctvl€=i   |`T€n  I=Sre   afiLer

I   Tfj.at'`€    finj.8}`£ic    ray   I,actor:I.i_t€.   €ind`   hEiv€    1€...`r+n€d!  mare   `g.pi3ro,.3.cfmes   tc   tile    i-jrcbic-in.

..ti:_i
riw ,qu

i:¥ife`ttith*un#ti¥¥+tffi#ffi£A%Riffij`§¥¥:#+g#ife\`{as.#¥±fe{,'`~:i;¥H#;ELjgjfa#,h#RE¥ffl+j'frgr'S#^'carfett#¥REife:ife,,¥`'kRE5##+ngg-~+giRE!iziff##tfrfe#|ffi£±4#£ifektgrann%iferfu¥rgivEL.'ffiBEgrREf#ife%`RTrJJ#*g£;grufiffiEZREREffiiiFiREffiiHiffiiffiillEffiEREREREiEREREffliffi
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(Name  of  School  re?.GET.ting)

Jam.              31         June                34                                              54                B  A
Attended-From ................,    19 ......   to ..................,   19 ......   Gra,duated  ..E¥P.?...I:.,   19 ......   Degree   .......

Laude  „

11.       Pycse"t   St4`tws.. GI.aduate. Sept.1954    to  June         193`8         t'

Ill.    Etity4ttce  Urn.ts:  From     Pearl   His.tl...a.Q.fag.Q±.,   Nashville+...T.e.p.ne.a

SUBTECIT

English
Greek
Latin
French
German
Spanish
History
Social  Studies
Algebra
Geometry

SUBJECT

Ti.igonometry
Physics
Chemistry
Bot.any
Zoology
Physiography
Geography
Introductory  Science
Physiology
Agriculture

June5,1936       "       MA.

SUBJECT

Commercial  Law
Bookkeeping
Shorthand
Typevliting
Domestic Art
Domestic  Science
Mechanical Drawing
Industrial Training
Free Hand Drawing
Manual Training

SUBJECT

Music
Public  Speaking
Biology
Civics

Other  Subjects

TOTAL

How  admitted :   ......... I...J.....-. ::I::+.:.::I.:.i.:.I...T.4.A.T....:.i.:..v..A..i.t.¥.tt.i:

IV.     Col}ege  Credfes:

•p|acenent  Examination  required  in  this  subject.   Source  o£  Credit,   Fish  High  School.    Units  Estimated  on  basis  of  definition  ot  the  Carnegie  FoundatiouL

.,,,            8  y  examin&tic)n  and   certifieation.

COURSES

History
Biology'En8lish
English
Religion
Physical  Ed

Biology
French
Ma thema t i c s
English
'gociology-Physical  Hd

loo
log-5
101
log
loo

:::2_d
01-2-
12d
120

DEscRlpTrvE  NAMEs  oF  cOuRSEs

Year
1930-31

-.-.--.,.-®,,,,,,-,,

from  A  &  I  State. Coil
Education-PI.ineiprles

=    _   _  _    -I_-_  ______   L  .`_   _  _I_-i  _____

Early  European
General
Rhetoric
Written  Composition
Gene.Pal  -Survey
Physi6al  Education

1931-38

General
Elementary
Elementary  Analysis
Survey  of  .English  Lit
Introduction
Physical  Education

QUARTER   HOURS   OF   CREDIT   AND   GRADE
I.   QUARTER     (||.

g:'Q::ihvi||e

QUARTER

Tenne slsee .

ter Hoirs

5-a
5-A
5-8

-a.-a

5-A

5-a
5-A
iF-B

3-lion

Total number ;i--;-iedits secured...I.?.9..a-...nun...H.I.g...Zi8~--S-err  HisNumber  Of  credits  required  for  gra,duntion  ...19.g...i.ELF...H£.S ...........

Grading  system-Letter          Average passing grade, Sfi.

Ea.ch quarter is twelve weeks long.
December  6,1937

This   transcript   issued ........................ ~4..4.®4d:„,'........ ed„.~ .... *."®4ch®

For  RJ{  A  --   27   .gem  Hrs

(Jedce-,<¢fy
- ~ - - - * --.-,- d ,, ~

Registrar.
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CATAI,Oa
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QLIARTER  HOURS   0F  CREDIT  AND   GRADE REC'S PER Lab.Pds.perwee&

NUMBERS
I.   QUARTER 11.   QUARTER Ill.  QUARTER IV.  QUARTER

WEEK No.        Length

Education loo

Year    195&9.-53HealthEducation

5-8

5-A 5-A5-a

-5
2-110''Biology lop Genetics 5-A 3

Matherri.atics LIB-14 15  The  Calculus 5-A5-A 5
3-110t,2-110„2-110ttBiology 110 Invertebrate  Zoology 5-A 2

philo;ophy log Ethics 5-A±-a5-a 5
English 133 Types  of  the  Hovel

J
5

8  i0108y 109101 Cytology  & Histology 5-A5-A5-A I 5
Physical  EdPsychology Physical  Education1955-34deneral 3•5

a  i0108y lil Vertebrate  Zoology 5-A 5
Physics 101-2- General 5-8 3
Philosophy 100log-6 Gen  Pro`blems  of  Philosophy 5-A

5-A
5

Anthropology Primitive  Relicgion 5
Biology Botany

y

5-A 3
Biology log Einbryo 1 ogy        ` 5-A

5-Ai
3 2-ilo,,

Biology 112 Mamrmalian  Physiology  ds  Anato I                    3      i   2-ilo"i.__-_-__T-I_23-||OH

Biology 204-5-

-¥jork  do-n-e---in  Piir-su-i-t---5-f  the  RE1934-55ComparativePhysiology
step  _a5-A

_A_rTs  a5-a
gree5-a

Chemistry 101-2 denel.al  Inorganic 5-A 5-A
5-8

3          2-||O t'
German 1Q|-2- Elementary 5-a 5-A 5
ChemistryPhysics 105i211-1 qualitative  Analysis 5-A 2           3-ilo fli

1935-56 I   Seml` IIS in               i      1       j2-lloM-,-\•******

3-8ffilectriaal  REeasure`ments 3-A
Biology 391a- Investigations  in  Biology 5-A 5-A 2            3-1|Otl
Ma,thematics 210 Topics:  Adv  Calculus 3-a 3
Biolc,8y 104 Botany 5-A 2          I-||OflJ..****** * * * * * '*

****** *****************************/.

[******

****TRE! •Erm***      *****   ********9

Total  number  of  credits  secured...180±..£*?i#..Iir.s..£  52  Sex  Hrs            Number  of  credits  required  for  graduation..18.9...€£F...H¥.S .....
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LETTERS  OF  REERENCE

Fred  W.  Al8up

Eg±____H._ _F_.__F_Q_1_gL£:eg  Head,   Department  of  Zoology,  Fisk  Hniversity,   Nashville,
Termessee

From  the  first day  that Ftlr.  Alsup  enter-ed  ny  elementary

coul.se  in  Zoology,  six or  seven years  ago,  I  have  been  aware  that he  is  8.n

outstanding  student.    He  is  industricms,  intelligent,  and  has  unustfs.1  poffler

of  coneentrati®n.    A  negro  Trfuo  aspires  to  a  career  in  seienee  faces  certain

peeuli&r  difficulties,  t-he most  important  of urhich,  perhaps,  is  due  to  a

lack  of  suits`.ble  positions  available  after  one has  completed  his  educa.tion®

For  this  reason  I  have  been  somewhat reluctgmt  to  encotlrag'e  students  to  Con-

tirme  into  gra.duate  Thrork.    But  this  man.  I  have  encouraged  from  the  beginning.

His  training  has  been  shaped  definite]jr  toiHards  work  in  experiments.1  biology.

He  has  proved  an  exceptional  studeflt  in  almost  every  eoHrse

that he  figs  taken,  as  his  record grill  show.    This  record,  I  understand,  is

the  best  at risk,  at  lea.st  for mangr years.

In  his  graduat,e  work here,  he  has  shown  an undoubted  apti-

tude  for  research work.    I  rei3orted  in part  the  resi]1ts  of  this  worif  a+t  the

meeting  of  the  America.n  S®eiety  of  Zoologists  aapt  Indiari&polis,  during  the

past holidays.    An abstract of  this  paper,  urhich  is  concerned  Fith  the  ef-

fects  of  &1termating  electric  Current  gmd  light  on Amoeba,  h©.a  appeared  in

"haatomic&1  Record%,  vol.  70.    His  masterts  thesis  is  about  ready  for  pub-

1icatic.n,  and ¥Fe  expect  to  submit  it  to  "Physiologica.i  Zoology"  within  a

short  time.

After  the  above  acc®tmt,  it  is  perhaps  superfh].ous  to  add

that I  consider RIP.  A.1stip  a  very  promising  Student.
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Dr.  L.  V.  Heilbrmrm,  Professor  of  Pkysiologsr,  University  of Pennsylvania,
Philadeiphi&,  Pennaylvania

\

Last  summer  I  got  to  haow REP.  4.1sup  at  Woods  flole.    At

that  time  he  was  taking  a  course  in  enbryology.    During.  the  stammer  I  had  oc-

casion  to  talk with  him  a  flumber  of  times.    Obviously,  it,  is  not very  easfgr

to  gauge  a younger man's  ability unless  he  is  actrally  in  the  relation of

Student  to  teacher.    Last  summer  I  took  occasion  to  consult iFTith  khe  men  on

the  embryology  tea3hing  staff,  and  they  sr3oke  very  favor&b]jr  of REF.  4.Isup.

FI,qen  what  I  have  seem  of  r].im  I  should  judge  him  ±to  be  intelligefit,  and  I

shotlld  be  gla.d  to  have  fain  as  a  st-udent.    REore®ver,  I  like  his  personality,

and  I  believe  him  to  b©  honest  and  dependable.

The  work  that REP.  4~1sup  has  been  doing  is  interesting,

and  it, rill prepare  him for  the  type  of work  tha+. i#e  do  in  this  labors.,t,ory.

I  sincerely  believe  that  if he  wer.e  granted  a  fellowship  he  igrould  do  well

here,

Dr.  H.  a.  Goodrich,  Head  of  Zoology  DeFartE±ent,  fi8arine  BiologicgLI  Laboratory,
Woods  Hole,  RIassachusetts

I  haew REP.  £lsup  last  summer  when  he  was  a  St"dent  in  the

embryology  course.    His worfe was  done  thQr®nghly,  and  the  informal  record

which we  keep  of  student  attairm§nts  "ould,  I  believe,  place  him  in  the

first qugLrter  of  that  Class.    Iou understand  that  the  admittance  to  this

course  is  competitive,  and  so  I  think  that a placement  in  the  first  quarter

means  more  tiian  it  might  in ma]ry  other  places.    He  was  i:horough,  carefH1,

gmd  industrious  in his  work.    During  such  a  short  session  (five  and  a half

weeks)  we  d+a  not  have  much  opporthnitry.  to  assess  a  stradentls  ability  in  ex-

perimental  fflFopk  as  most  of  ours  is  observation&1.    So  in  this  field,  I  carmot
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give you  angr  coxplete  judgment,  merely  ny  expectation based  on  other  charac-

teristics  that he would at least be  very  painstaking  arid  not ixprobably  &n

able  intJ.estig&tor.    "[r.  A.1gtap  "r&S  quiet  and`unassumizig,  and  a  thorough

gentleman.    I  should  rate  him  among  the  best  of  i.he  ±ngegi-oes  grho  have  taLken

&m~y  work  at  Woods  Hole.

S'`

HJ
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THE  EFFECTS  OF  LIGHT  ALONE  AND  PHOTODYNAMIC  ACTION
ON  THE  RELATIVE  VISCOSITY  OF  AMOEBA

PROTOPLASM[

FRED W.  ALSUP2
Department of Zoology, University of Pennsylvania

T`
HERE is virtually no evidence indicating the nature of the action of the longer
waves of light on protoplasm.   The small amount of information a,vailable on

1    .                `     .                 .            11       1                                                                          1            .               .                     ^       1            -                    1                                            1                     .            1this subject is all the more noteworthy in view of the fact that protoplasm is al-
most continuously being exposed to the stimulating action of visible light.   In their re-
view of the literature on the action of radiation Heilbrunn and Mazia (1936) repeatedly
point out that the living colloid is vastly different from any known inanimate colloid.
Hence, information about the action of light on protoplasm is best obta,ined by direct
study of protoplasm itself and not by inference from the known effects of light on pro-
teins or other nonliving colloids.

Weber  (1927),  investigating  the  effects  of  direct  sunlight  on  the  cells  of  the plant
R¢###c#Jo4s ¢c¢7j¢, obtained results which indicate that the viscosity of the protoplasm
is higher in the light than in the dark.  However, as Weber himself noted, the increased
viscosity might have been  due  to an indirect  effect  of  the sunlight.   Earle  (1928)  ob-
served that,  in general,  when blood is illuminated the protoplasm of leucocytes is  at
first liquefied and then coagulated; but he was not certain that these changes were due
to direct action of the light.  On the basis of microscopic observations investigators have
suggested  that  the  cessation  of protoplasmic  streaming,  observed when  amoebae  are
suddenly exposed to intense light, is due to gelation of the cortical protoplasm, i.e., gela-
tion of the plasmagel.  There has, however, been no direct evidence in favor of this point
of view.

It has been known since I9oo that various types of cells are markedly affected by the
combined action of visible light and a sensitizing substance, i.e., by photodynamic action
(See Raab, I9oo; Blum,1941 ; and Alsup,1941).  Yet, up to the present time, no experi-
mental studies have been directly concerned with the effect of photodynamic action on
the colloidal properties of protoplasm.

Since changes in the fluidity or viscosity of protoplasm cannot be detected with any
great  amount  of  certainty  by  microscopic  observations,  viscosity  determinations  are
clearly necessary if one is to be certain of the effects of visible light and photodynamic
action on the physical state of protoplasm.

Several reasonably accurate methods of measuring protoplasmic viscosity are avail-
able to students of protoplasm (see Heilbrunn,1928).  One of these, the centrifuge meth-
od, has been used extensively in determining the changes produced in the relative vis-

I A thesis in zoology presented to the faculty of the graduate school of the University of Pennsylvania
in partial fulfilment of the requirements for the degree of Doctor of Philosophy.
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cosity of cells by such stimulating agents as ultra-violet rays, X-rays, mechanical agita-
tion, heat, electric current, and hydrostatic pressure.  This method of studying proto-
plasmic viscosity can readily be applied to the two protozoan forms, 4owoeb¢ ¢7oje#s and
4 . d#ZJ¢.a, and has already given reliable data about the changes produced in the viscosity
of their protoplasm by various stimulating agents (see Heilbrunn and Daugherty,1931,
1932,1933; and Angerer,1936,1937,1940).

The essential properties of the protoplasm are the same in the two species ; but centrif-
ugal studies of 4 . ¢yo¢e#s afford information about the viscosity of  cortical protoplasm
(plasmagel), whereas similar studies of 4. d#b;a furnish data about the viscosity of the
main mass of protoplasm (plasmasol).  Both species respond to sudden illumination and
photodynamic action by cessation or retardation of movement (see Mast,1932 ; and Hy-
man and Howland, I94o) ; and, as was mentioned above, it has been suggested that these
responses involve changes in the viscosity of the protoplasm  (see Mast,1932 ;  Folger,
1925;  and Alsup,1939).   The results that are presented in the following pages are pri-
marily concerned with the effects of visible light alone and of photodynamic action on
the relative viscosity of 4owoea¢ protoplasm and have been obtained by centrifugal de-
terminations.

MATERIALS AND METHODS

4owoeb¢ ¢yoje%s used in the experiments were taken from subcultures of strains origi-
nally obtained from either the Carolina Biological Supply Company or Dr. J. A. Daw-
son.  All original cultures of 4 . d#b¢.a were obtained from Dr. Dawson.  Most of the amoe-
bae used were cultivated in glass bowls containing 3o-Ioo cc. of a modified Ringer's solu-
tion (see Hopkins,1926) or spring water, to which either raw hay and wheat (one grain)
or two grains of rice had been added.   Most of the modified Ringer's solution used was
made up with water distilled in a metal still; for some of the later experiemnts this solu-
tion was made up with water which had been redistilled in a fused silica, still.   In the
ordinary distilled water, cultures of amoebae grew well, but the protoplasmic viscosity
appeared to  be high.   A few  experiments were performed  on amoebae  that had been
raised in culture solutions made by adding raw hay and wheat to water from the metal
still or to boiled tap water.   Cultures in excellent condition were continuously at hand.

The apparatus used in subjecting the amoebae to illumination consisted essentially of
a compound microscope and a I,ooo-watt Mazda electric bulb mounted in an asbestos-
lined wood ventilating shaft.  The microscope rested on a shelf situated below a circular
aperture in the front wall of the shaft,  5o mm. in diameter.   The microscope, with the
substage condenser removed, was so placed and the substage mirror so adjusted that the
image of the glowing bulb filament was reflected up through the stage.  The intensity of
the light  (the brightest portion)  just above the stage was found to be approximately
3oo,ooo-meter candles when measured with a Weston photometer.  The electric current
used in the bulb was drawn from a 115-volt alternating-current lighting circuit.  During
the experiments the temperature around the front wall of the shaft varied very little
from that of the room in which the experiments were carried out.   This constancy of
temperature was obtained by allowing the light rays to pass through distilled water for
absorption of heat and in most of the experiments by the additional cooling action of an
electric fan situated in the veritilating shaft.

The relative viscosity of the plasmagel of irradiated and nonirradiated 4 . ¢yoje#s was
determined with an Emerson hand centrifuge.  This instrument developed a centrifugal
VOL.  XV,  NO.  2,  APRIIi,  1942]
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force 2,474 times gravity when the handle was turned at the rate of one revolution per
2  seconds.   Determinations of the relative viscosity of the plasmasol of 4.  de4bjd) were
made with an old-model Bausch and Lomb hand centrifuge of the same type as that em-
ployed by Heilbrunn and Daugherty (1931,1933).  A centrifugal force 512 times gravity
was sufficient for determining the relative viscosity of the rather fluid plasmasol of 4.
dub4a.

The centrifugal values that are recorded in this paper for 4.  ¢yoje#s represent the
smallest number of complete revolutions that the handle of the Emerson centrifuge had
to be turned in order to shift the crystals of the plasmagel into one-half of the cell.  The
centrifuge values for 4.  d#bj¢ represent the shortest time in seconds required for the
crystals of the plasmasol to move through one-half of the diameter of the cell  under a
centrifugal force 512 times gravity.  The centrifuge values recorded for any given experi-
ment were obtained only after a series of determinations.   Definitive  centrifuge values
were not considered reached unless the crystals in at least 8o per cent of the specimens
examined showed the specified degree of movement.   Because of the differences in rela-
tive viscosity of amoebae from  different  cultures and because of the remarkable con-
stancy of viscosity of amoebae from the same culture, the amoebae used in any given ex-
periment were always taken from the same culture.

In those experiments in which amoebae were immersed in pure salt solutions before
being irradiated and centrifuged, all speciments were washed at least once in the solu-
tions.  Those solutions whose effects on the action of light were to be tested were made
up with Merck's blue-label salts and water, redistilled in the fused silica still.

Only two photodynamically active dyes, rose bengal and eosin, were used in the ex-
periments designed to elucidate the effect of photodynamic action on the viscosity of
the plasmagel and plasmasol.  Both dyes were obtained from the Coleman and Bell Com-
pany.   Stock solutions of each dye were made up in the proportions of  I part dye to
2,ooo parts modified Ringer's solution.   In the experiments with eosin,  only the stock
solution was used.  More dilute solutions of rose bengal were obtained by adding modi-
fied Ringer's solution to the stock solution.

In the course of each photodynamic experiment amoebae were transferred from the
culture dish to a small Stender dish.  Most of the culture fluid carried over in the transfer
was removed by means of capillary pipettes, and then Icr25 cc. of the dye solutions were
added in the dark to the dish.  Amoebae were left in the dark in the various dye solutions
for I-6 hours before they were irradiated or centrifuged.

The amoebae to be studied were taken from the culture fluids or the experimental
solutions and placed in glass  centrifuge  tubes by means  of  capillary pipettes.   Those
amoebae that were not to be irradiated were usually centrifuged immediately after being
placed in the tubes.  Pairs of tubes containing amoebae to be subjected to illumination
were laid on the stage of the microscope in such a way that the organisms were directly
over the brightest portion of the image of the bulb filament.  In some experiments the
pairs of tubes were held before the aperture in the front wall of the ventilating shaft so
that they were directly in front of the glowing filament.  Essentially the sa,me results were
obtained with these two methods of exposing amoebae to the light.  The exposure time
for most experiments was 2 minutes.  The irradiated amoebae were centrifuged at various
times after the exposures, depending on the type of experiment being done.  All centri-
fuged amoebae were examined under a second microscope as fast as they could be re-
moved from the centrifuge tubes to a glass slide on the stage of this microscope.  In most
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experiments the interval of time between the end of the centrifugation period and the
beginning of the observation period did not exceed Io seconds.

EXPERIMENTAL RESULTS

I.   THE EFFECT  OF  LIGHT ALONE  ON 4owoGb¢  PROTOPLASM

a)  Changes   in  the  viscosily   of   the   Plo,smagal   of   A.  Protons   i,mmersed   in   culture
#%;ds ¢"d ¢"ye s¢Z¢ soZ#¢6o#s.-When specimens of 4. ¢yoJe#s immersed in culture fluids
are exposed to intense visible radiation, the relative viscosity of the plasmagel is mark-
edly increased.  This is clearly shown by the data, in Table I.   In this table each line is
the summarized result of a  series  of tests on  the effect of light  on a given culture of
amoebae.  Normal centrifuge values for amoebae from various cultures generally fell be-

TABLE  1
THE ACTION  OF LIGHT ON THE RELATIVE VISCOSITY OF THE PLASMAGEL OF 4.  ¢/oJG#s

TESTED  IMMEDIATELY AFTER  IRRADIATION

(Time exposed to light,  2 minutes; temperature range,  19°-23° C.)

10
11*

12*
13
14
15
16
17

* Time exposed to light,  I  minute.

tween 9o and 125.  The centrifuge values of the irradiated amoebae are seen to be from
16.6 to  58.3 per cent greater than those for nonirradiated amoebae, with most of the
values being about 3o per cent greater.  The centrifuge tests on all irradiated amoebae
considered in Table I were begun 7-Io seconds after the exposures, i.e., as fast as it was
possible to place the tubes in the arms of the centrifuge.

Examination of the data in Table 2 shows that the increase in viscosity of the plas-
magel, which can be detected in 7-Io seconds after the exposure of the amoebae to light,
persists for a  considerable length of time.   The normal centrifuge values for amoebae
from various cultures are given in the second column of this table.  The third, fourth,
fifth, sixth, seventh, and eighth columns contain the centrifuge values for amoebae from
these cultures at various times after their irradiation.  Upon comparing the values in the
second column with those in the last six columns, it becomes evident that in all cases the
viscosity did not return to the normal level until about 3o minutes after the exposures to
light.  Moreover, the viscosity values,I, 5, and 15 minutes after irradiation, are seen to
be approximately the same as those at the end of the regular 7-Io-second period.
Vol„ XV, NO.  2, APRII,,  1942]
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The experimental results given in Tables  I  and  2  were obtained with amoebae im-
mersed  in  culture  fluids  which  contained  various  inorganic  and  organic  compounds.
Heilbrunn and Daugherty  (1932)  have shown that each of the four common cations-
namely, sodium, potassium, magnesium, and calcium-has a definite effect on the viscos-
ity of the plasmagel of 4. ¢yoje#s.  The chlorides of sodium, potassium, and magnesium
decrease  the  viscosity  of  the  plasmagel,  whereas  calcium  chloride  increases  it.   Since
visible light a,lters the colloidal state of the plasmagel in the same direction that calcium
does, quite logically the question arises as to whether calcium ions are involved in the
gelating action of light.  The answer to this question can be ascertained experimentally by
determining the effect of light on the plasmagel of amoebae immersed either in a solution
of a calcium-binding or of a calcium-removing substance, like ammonium oxalate, or in

TABLE  2
I

THE VISCOSITY OF  THE PLASMAGEL  OF 4.  ¢7oJe%s AT VARIOUS
TIMES AFTER EXPOSURE TO LIGHT

(Time exposed to light,  2 minutes; temperature range,  18°-24° C.)

7
8
9

10

solutions containing calcium-replacing ions, like sodium or potassium.   In addition, ex-
periments performed with amoebae immersed in pure solutions of sodium or potassium
chloride should reveal whether these two cations bear any essential relationship to the
effect of light on viscosity.  Experiments designed to obtain answers to these questions
were made, and the results obtained are presented in Tables, 3, 4, and 5.

Table 3  shows the effect of light on the viscosity of the plasmagel of amoebae im-
mersed in a M/4o solution of potassium chloride.  The fifth column of this table contains
the centrifuge values for amoeba,e immersed in the solution but not irradiated, whereas
the seventh column lists the centrifuge values for amoebae irradiated for 2 minutes after
immersion in the pota,ssium chloride solution for the lengths of time given in the sixth
column.  Upon comparing the values in the fourth and fifth columns with the normal cen-
trifuge values given in the second column, it may be seen that the plasmagel is much
more fluid after long immersions  (45-9o minutes)  in potassium chloride solution than
after short immersions (15-45 minutes)  in this solution.  A comparison of the values in
the fourth and fifth columns with those in the sixth and seventh columns, respectively,
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reveals that light can increase the viscosity of the plasmagel after it has been lowered by
short immersion in potassium chloride solution but not after it has been lowered further
by long immersion in this solution.

As the results presented in Table 4 show, sodium bears essentially the same relation-
ship to the action of light that potassium does.  The viscosity of the plasmagel can be in-

TABLE  3

THE  EFFECT  OF LIGHT  ON  THE VISCOSITY  OF  THE PLASMAGEL OF
4. ¢7oje"s IMMERSED  IN M/4o POTASSIUM  CIELORIDE SOLUTION

I
2

3
4
5

6

7

8

9

10

11

12

13

14

15

•.,:.,-..

Centrifuge
Value after
Exposure
to Light
and  Kcl

creased by irradiation following short immersion of the amoebae in M/4o sodium chloride
but not by irradiation following long immersion in this concentration of sodium chloride.
It is interesting to note that sodium is not so eff ective as potassium either in lowering the
viscosity of the plasmagel or in preventing the gelating action of light.  The gelating ac-
tion of light is prevented only after the amoebae have been immersed in the sodium
chloride solution for very long periods, usually 2-3 hours; and even after these long im-
mersions the decrease in viscosity due to the sodium is often slight.

Heilbrunn and Daugherty (1933) found that if calcium is removed from the plasmagel
by immersing amoebae in M/32 ammonium oxalate solution the viscosity of this proto-
plasmic region tends to be lowered very markedly.  The results given in Table 5 of the
Vol^ XV, NO.  2, APRIL,  1942]
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TABLE  4

EFFECT OF LIGHT ON THE VISCOSITY OF THE PLASMAGEL OF 4. ¢rojcc4s
IMMERSED  IN M/4o SODIUM  CIH,ORIDE SOLUTION

I

2

3

4

5

6

7

8

9

10

Normal
Centrifuge

Value

Centrlfuge
Value after
Exposure
to Nacl

Time in
Nac]  in
Minutes

TABLE  5

THE EFFECT OF LIGHT ON THE VISCOSITY OF THE PLASMAGEL OF 4.
¢7o¢e#J  IMMERSED  IN M/32  AMMONIUM  OXAIATE SOLUTION

Normal
Centrifuge

Value

Centrifuge
Value after
Immersion

in  NH4
0xalate

Time in
NH4

0xalate in
Minutes

Centrifuge
Value after
Exposure
to  NH4
0xalate

and Light
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present paper are in accord with this finding.  Moreover, the data recorded in this table
show quite clearly that visible light cannot gelate the plasmagel of amoebae immersed in
oxalate solution, even though the immersion periods be relatively short.

b)  Changes  in  the  v4scosdy  of  the  Plasmasal  of  A. dub4a, inmersed in culture fond,s
¢#d P%7e s¢J¢ soJ#¢jo#.-Up to this point we have been concerned with the effect of light
on the viscosity of the plasmagel of 4 . P7oje#s.  As mentioned above, the study of proto-
plasmic viscosity in amoebae has a particular advantage in that it is possible to deter-
mine not only the viscosity of the cortex or plasmagel but also that of the interior proto-
plasm or plasmasol.  It should, therefore, be possible to discover whether exposure to in-
tense light has any effect on the relative viscosity of the plasmasol of 4. d%b;a.   Such
was, indeed, found to be the case, as is shown by the data in Table 6.

TABLE  6
THE  EFFECT OF LIGHT ON THE RELATIVE VISCOSITY

OF  THE PLASMASOL  OF 4 . d#b¢.a7

(Temperature,  2o°-25° C.)

7
8
9

10
11

12.

13
14
15.

Comparison of the values in the second and third columns of this table shows that
visible radiation has a real gelating effect on the plasmasol.  After irradiation the centri-
fuge values of the plasmasol of the amoebae considered in this table showed an average
increase of 123 per cent over the normal values when intervals of 7-Io seconds elapsed
between cessation of irradiation and the beginning of the centrifuge tests.  In a few (five)
experiments determinations of the centrifuge values were begun 3o, I 2o, and I8o seconds
after the cessation of irradiation.  The increases in centrifuge values detected after these
longer intervals were of the same order of magnitude as those noted after the regular
7-Io-second intervals.  In other words, the centrifuge values remained constant at the
increased values at least until an interval of I8o seconds had elapsed between cessation
of irradiation and beginning of centrifugation.

In the case of the plasmagel, it has been seen that calcium which itself gelates the
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plasmagel is essential for the gelating action of light on the plasmagel.  Calcium tends to
make the plasmasol less viscous, although in excess it presumably makes it more viscous
(Heilbrunn and Daugherty,1933).  This being true, it seemed worth while to find out
what effect removal of cacium from the plasmasol has on the gelating action of  light.
However, before considering experimental data bearing on this question,  it should be
mentioned that the removal of calcium from the interior of an amoeba is probably a more
complex operation than the removal of calcium from the cortex of an amoeba.  It seems
reasonable to suppose that oxalate produces few, if any, secondary  effects when it re-
moves calcium from the outer portion of a cell; but this is most likely not the case when

TABLE  7

THE  EFFECT OF LIGHT ON  THE VISCOSITY  OF  THE PLASMASOL  OF 4. d%b¢.a
IMMERSED  IN M/32  AND  M/4o AMMONIUM  OXALATE  SOLUTIONS

Centrifuge
Value after
Exposure
to  NH4
0xala,te

and Light

7
8

9
10

11

12

13
14

oxalate must remove calcium from the cell interior. A good indication that the removal of
calcium from the interior of an amoeba is not a simple process comes from the experi-
mental finding that ammonium oxalate has a variable effect on the viscosity of the plas-
masol of 4 . d#b¢.a.  This is seen when the values in the second column of Table 7 are com-
pared with those in the fifth column of the same table.  In some experiments the oxalate
lowered, in others increased, and in still others had little effect on the viscosity of the
plasmasol.   Since the amoebae used in the  experiments reported in Table  7  had been
raised in culture fluids which varied considerably in electrolyte content, it seemed possi-
ble that the manner in which ammonium oxalate affects the viscosity of the plasmasol
is, to a large extent, determined by the electrolytes present in the original environment
of the amoebae.   Indeed,  some preliminary experiments indicate that this is true and
that calcium and magnesium ions in the culture fluids are the ions of primary importance
in determining just how oxalate will affect the viscosity of the plasmasol.

[PHYSIOLOGICAL  ZOOLOGY



LIGHT  AND  PHOTODYNAMIC  ACTION  ON  VISCOSITY                   177

Even though it is not clear just what secondary effects oxalate may have on the inte-
rior of an amoeba, there can be little doubt that oxalates prevent the free movement of
calcium in a cell.  Therefore, if oxalate solutions have a consistent effect on the gelation
of the plasmasol by visible light, one can safely attribute this effect to the binding or re-
moval of free calcium.  Ammonium oxalate does have a consistent effect on the gelating
action of light on the plasmasol of 4. d"bj¢.   It prevents the action of light.   This may
be seen from the data in Table 7.   In this table the centrifuge values of the irradiated
oxalated amoebae must be compared not with the centrifuge values of the normal amoe-
bae but with the centrifuge values of the control oxalated amoebae which were not sub-
jected to radiation.   These values are given in the fifth and seventh columns.   A com-
parison shows that irradiation produces no appreciable increase in the viscosity of oxa-
lated amoebae.   Thus the gelation of plasmasol by light, as well as the  gelation of the
plasmagel by light , is dependent upon the presence of free calcium in the amoebae.

11.   THE  EFFECT  OF  PHOTODYNAMIC ACTION  ON  4%oezJ¢  PROTOPLASM

As mentioned above, fluorescent dyes, like rose bengal and eosin, make various types
of cells more sensitive to visible light.  Amoebae immersed in weak solutions of rose ben-
gal or eosin are readily cytolyzed by short exposure to intense light, whereas amoebae
immersed in culture solutions are not killed by prolonged exposures to light of the same
intensity.   In the dark, weak solutions of rose bengal and eosin are relatively nontoxic
to amoebae.  This is evident inasmuch as amoebae live as long as a week in such solutions.
Thus, when acting alone, intense light and weak dye solutions have little or no injurious
effects on amoebae; but when acting together, i.e., photodynamically, these two agents
very soon cause the death of the amoebae.

The effects of weak solutions of the two photodynamically active dyes and photo-
dynamic action on the protoplasm of 4. ¢7o¢e#s and 4. d%bj¢ have been studied, and
the results obtained are considered in the two following sections of this paper.

a)  Changes  in the  vbscosdy  of  the  Plasma,gal  of  A.  ¢rotetts  inmersed  in  weds  soltt-
j6o#J a/ rose ZJe#g¢Z ¢#d eosj#.-Table 8 summarizes the results of a series of tests on the
eff ects of photodynamically active dyes and photodynamic action on the relative viscos-
ity of the plasmagel of 4 . ¢/o¢e#s.  In this table the second and third columns, respective-
ly, give the centrifuge values for nonirradiated and irradiated control amoebae immersed
in culture fluids.   The centrifuge values of amoebae immersed in dye solutions but not
irradiated are given in the sixth column.  The last column of the table gives the centri-
fuge values of amoebae exposed for 2-5 minutes to light from the I,ooo-watt bulb after
having been immersed in the dye solutions for the time given in the seventh column.  It
can be seen at a glance that in every case exposure to photodynamic action causes a drop
in the centrifuge va,1ue of the plasmagel.   On the average, the centrifuge value of the
plasmagel of amoebae exposed to light while immersed in dye solutions is  23 per cent
lower than that of normal amoebae.  Comparison of the values in the sixth column with
those in the second column brings out the interesting fact that amoebae immersed for
2-6 hours in the dark in  I : Io,ooo and  I : 5o,ooo rose bengal and in I : 2,ooo eosin have
practically the  same  centrifuge values as normal amoebae.   In  other words,  the  dyes
alone have little or no effect on the viscosity of the plasmagel.  Thus, when acting sepa-

i

rately, light and the dyes respectively increase and leave unaltered the viscosity of the
plasmagel  of  4.  ¢yoJe#s  but,  when  acting  together,  cause  a  real liquefaction of the
plasmagel.
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This liquefaction of the plasmagel persists for quite some time after the exposures to
photodynamic action.   In all of the experiments listed in Table 8 the centrifuge values
were determined 7-Io seconds after the exposures.  In nine of these experiments a second
set of centrifuge values was determined 4-15 minutes after the exposures.   In each of
these nine cases the centrifuge values were approximately the same after the longer inter-
vals as after the regular  7-Io-second intervals.   It is interesting to note  that normal
protoplasmic flow usually began immediately after the short exposures were over.

b)  Changes  bn the v4scos4ty  of  the  ¢la,sma,sol  of  A.  dubi,a inmersed  in  weds  sohations
a/ rose be#g¢Z ¢#d eos¢#.-Table 9 presents the results obtained from fourteen experiments
designed to ascertain what effect the two dyes, rose bengal and eosin, have on the viscos-

TABLE  8

THE  EFFECT OF PHOTODYNAMIC ACTION  ON  THE VISCOSITY  OF
THE PLASMAGEL OF 4 .  ¢7ojee4s

7
8
9

10
11

12

13

14

I : 50 , 000
I : 50 , 000
I : 50 , 000
I : 50 ,000
I : 50 , 000
I : 50 , 000
I : 50 , 000
I : 50 , 000
I : 50 , 000
I : 10 , 000
I : 10 , 000
I : 10 , 000

/I : Io , ooo
\I : 2 ,ooo Et
/I : Io ,ooo
\I : 2 ,ooo Et

* Concentration of rose bengal expressed as ratio of parts of dye to parts of modified Ringer`s solution.

t Concentration of eosin expressed as ratio of parts of dye to parts of modified Ringer`s solution.

ity of the plasmasol of 4 . d#b;a when acting alone and in combination with light from
the  I,ooo-watt bulb.   The procedure for these experiments was identical with that for
the  experiments  just  described,  except  that  the  smaller hand  centrifuge  was  used  to
measure the relative viscosity of the rather fluid plasmasol.  The data in Table 9 are ar-
ranged in exactly the same manner as those in Table 8.  Examination of Table 9 shows
that the results obtainedwith 4 . d#b;a are quite similar to those obtainedwith 4 . ¢yo¢eo4s.
The average centrifuge value of the plasmasol of amoebae immersed for I-5 hours in the
dark in I : Io,ooo and I : 5o,ooo rose benga,1 and I : 2,ooo eosin is approximately the same
as that of normal amoebae.  The centrifuge values of the plasmasol of amoebae exposed
to light for o.5-2.o minutes while immersed in the dye solutions are seen to be lower than
those  of  normal  amoebae.   On  the  average,  the  centrifuge  value  of  the  plasmasol  of
amoebae  exposed  to  photodynamic  action  is  only a  little  over  a  half  that  of  normal
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amoeba.   It should be noted that photodynamic action lowers the viscosity of the plas-
masol of 4. d#b;a much more sharply than it does that of the plasmagel of 4. ¢7o¢e"s.
Moreover,  just as was true for the plasma,gel,  the drop in viscosity of the plasmasol,
which can be detected in 7-Io seconds after the exposure to photodynamic action, per-
sists for considerable lengths of time (4-28 minutes)  after the exposure.   Protoplasmic
flow usually began soon after the exposure was over.

TABLE  9

THE  EFFECT OF PHOTODYNAMIC ACTION  ON  THE RELATIVE VISCOSITY
OF  THE pLASMAsOL  OF 4. d%a¢.a

10

14
5

16
14
16
16
17
16

16

10

8

8

I : 50 , 000
I : 50 , 000
I : 50 , 000
I : 50 , 000
I : 50 , 000
I : 50 , 000
I : 50 ' 000
I: 50,000
I : 50 ' 000
I : 50 ,000

(:

: 50 ' 000
: 10 , 000
: 2 ,ooo Et

I : 50 , 000

(:

50,000
10 , 000
2 ,ooo Et

/I , Io ,ooo
\I : 2 ,ooo Et

* Concentration of rose benga,I expressed as ratio of parts of dye to parts of modified Ringer`s solution.

t Concentration of eosin expressed as ratio of parts of dye to parts of modified Ringer`s solution.

DISCUSSION

It is interesting to note that, whereas light and photodynamic action have consistent
effects on both the plasmagel and the plasmasol of amoebae-light causing gelation and
photodynamic action a liquefaction of each of these regions-this is not true for stimulat-
ing agents like ultra-violet light, mechanical agitation, and electric current.  The latter
three stimulating agents have been found to solate, as well as gelate, the plasmasol of
4 . d#bj¢ and to cause only a liquefaction of the plasmagel of 4 . ¢7o¢e#s (see Heilbrunn
and Daugherty,1933; and Angerer,1936 and 1937).   However, visible light and ultra-
violet  do have one property in common:  neither of these  two  stimulating  agents  can
alter the viscosity of the p|.asmagel or plasmasol of oxalated amoebae.   In view of the
fact that oxalates remove calcium from protoplasm, the conclusion has been drawn that
calcium  must be  essential for  the  actions  of  visible  and ultra-violet  light  on amoeba
protoplasm.  Although no study has been made of the effect of photodynamic action on
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the viscosity of the protoplasm of oxalated amoebae, some experimental results obtained
with the eggs of Iveye4.s J;owb¢¢¢ indicate that photodynamic effects are also conditioned
by the removal of calcium from cells  (see Alsup,1941).   Doubtless, factors other than
calcium are involved in the liquefying and gela,ting effects of photodynamic action and
visible light, respectively; but my results indicate that any explanation of the stimulating
action of these two agents must take into consideration the role of calcium.  Therefore,
it appears worth while to discuss the experimental results presented in this paper from
the standpoint of Heilbrunn's calcium-release theory of general stimulation  (see Heil-
brunn,1937).

This theory holds that ordinary stimulating agents cause the breakdown of a cortical
calcium-containing gel, with the resultant passage to the cell interior of free calcium ions.
It is assumed that this release of calcium from the cortical protoplasm or plasmagel occa-
sions the liquefaction of this layer and that the released calcium upon entering the inte-
rior of the cell causes first a liquefaction and then a gelation of the inner protoplasm
(plasmasol).  My results indicate that calcium is involved in the action of visible light on
amoeba protoplasm, but they show clearly that light does not produce the shift of calci-
um ions which results in such a series of viscosity changes in amoeba as is outlined by the
calcium-release theory. Intense visible radiation causes a gelation of both the cortical and
the interior protoplasm of the amoeba.  Now, if calcium is responsible for the stiffening
of the plasmagel of the amoeba, this would seem to indicate that light is able to release
calcium from some combination in the interior of the amoeba.  In other words, it appears
that in the amoeba there is a source of calcium other than the one in the cortex, a source
that light may be able to affect because of its ability to penetrate the protoplasm of the
amoeba.  If there is a source of calcium in the interior of the amoeba, light might be ex-
pected to release calcium from this source and thereby eff ect a gelation of the plasmagel
even when the calcium content of this outer region has been reduced by immersion in cal-
cium-free solutions.   Eventually, the calcium content of the interior would also be re-
duced, and then the light should no longer be able to gelate the plasmagel.  Actually, ex-
perimental evidence which seems to support this notion has been obtained with amoebae
immersed in pure solutions of potassium and sodium chloride.  Light can gelate the plas-
magel of amoebae tha,t have been immersed in pure potassium or sodium chloride solu-
tions for short periods of time, during which the potassium or sodium probably replaces
only the calcium in the cortex of the amoebae.  However, when the amoebae have been in
either of these two solutions long enough for most or all of their calcium to be replaced,
light is ineffective in gelating the plasmagel.  Moreover, it is interesting to note that am-
monium oxalate solution, which presumably is much more efficient than potassium or
sodium  chloride solutions in reducing  the calcium content of amoebae,  is much more
efficient in preventing the gelating action of light on the plasmagel.  Thus it seems that
there is a source of calcium in the interior of amoebae which persists for some time af ter
calcium in the cortical protoplasm has been replaced.  It is possible, of course, to propose
alternative theories, and the gelation of the plasmagel of amoebae may be dependent on
factors other than calcium; but, as far as these experiments go, they indicate that cal-
cium is involved in one way or another.  At present there is no definite evidence as to the
nature of any calcium combination in the interior of an amoeba that might be affected by
light.  It maywell be that one of the many types of crystals which can be seen in the proto-
plasm of amoebae (cf. Pollack,1928; and Schewiakoff,1893) is a source of calcium.

Some of the results presented in the body of this paper show clearly that photody-
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namic action tends to liquefy the protoplasm in the interior, as well as that at the sur-
face, of amoebae.  These liquefying effects cannot be due to light alone or to the dye solu-
tions alone, since, as has been shown, light causes gelation of the two protoplasmic re-
gions of the amoeba, and since the dye solutions used in these experiments have practi-
cally no effect, in the dark, on the viscosity of amoeba protoplasm.  This being true, it
becomes a question of just how the combined action of light and rose bengal or eosin can
effect a liquefaction of amoeba protoplasm.  According to the calcium-release theory, \a
liquefaction of the plasmagel indicates a release of calcium from a cortical gel or protein-
ate, whereas a liquefaction of the plasmasol indicates that only small amounts of the
calcium released by the stimulant is reaching the interior of the amoeba.  In view of the
fact that phthalein dyes, like rose bengal and eosin, have a great affinity for proteins
(see Rosenthal,  1926), it appears feasible that the dyes could combine with a cortical
calcium proteinate and thus sensitize it to light.  Exposure to light might then result in
the  release  of  calcium from  the proteinate,  with  subsequent  liquefaction  of  the plas-
magel.  But, what about the liquefying effect of photodynamic action on the plasmasol?
Here the main question is whether or not in the light the dyes pass into the cell interior.
If the dyes do not get any farther than the cortex, some of the dye molecules-those not
already combined with protein-may form calcium bengalate or eosinate with the cal-
cium that has been released from any part of the cell.  Thus, only a small amount of cal-
cium would enter or remain free in the interior of the amoeba, and this would result in a
liquefaction of the plasmasol (see Heilbrunn,1928).  On the other hand, if the dye mole-
cules readily enter amoeba protoplasm under the influence of light, they might keep the
free calcium content of the plasmasol low by tying up most of the calcium as calcium
bengalate or eosinate, even though considerable amounts of calcium had been released.
Obviously, the validity of either of these proposed mechanisms for photodynamic action
on the viscosity of amoeba protoplasm depends upon the ability of calcium to combine
with dyes under such conditions as exist in amoeba protoplasm.  Although any definite
proof of this point must  come from future experiments,  it should be noted that acid
phthalein dyes do combine with calcium (see Beacall,1926) .  In any case, my results indi-
cate that only a small amount of any calcium released in amoebae by photodynamic ac-
tion remains free to produce changes in the viscosity of the protoplasm.

As was mentioned above, the experiments on amoebae represent the first direct study
of the effects of photodynamic action on the viscosity of protoplasm.   Obviously, the
question as to whether photodynamic action in general has a liquefying effect on the
physical state of protoplasm can be answered only after more such direct studies have
been made.  However, some experiments done on the un fertilized eggs of IV. Z;7„b¢j¢ indi-
cate a negative answer to this  question.   Citrates and oxalates, which presumably re-
move calcium from the cortex as well as bind free calcium inside the eggs, tend to prevent
photodynamic  action  and  other  stimulating  agents  from  producing  germina,1-vesicle
breakdown in the eggs (see Alsup,1941 ; Heilbrunn and Wilbur,1937 ; and Wilbur,1941) .
In other words, photodynamic action seems to produce germinal-vesicle breakdown only
when the calcium content of the cortex has not been greatly reduced and when most of
the calcium released to the.interior of the egg remains free.   Such a penetration of free
calcium to the interior of the egg would, on the basis of the calcium-release theory, entail
a gelation of the internal protoplasm-a situation that would be directly opposed to that
which  seems  to  obtain  for  amoeba  protoplasm.   Thus  it  seems  probable  that  photo-
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dynamic action can either increase or decrease the viscosity of protoplasm, depending on
which living system is involved.

Should  viscosity  studies  show  that  photodynamic  action  actually  doesd gelate  the
protoplasm of such living systems as marine eggs, the mechanism involved would not
necessarily have to be different from one of those proposed in this paper for the liquefying
action of light-activated dye molecules on amoeba protoplasm.  Activated dye molecules
which seem to tie up free calcium might act on marine eggs in much the same way that
dilute solutions of citrates and oxalates do.  Wilbur (1941) found that solutions of the lat-
ter two calcium-binding substances can produce germinal-vesicle breakdown as well as
prevent its production by stimulating agents.  Thus, substances which remove calcium
from protoplasm and prevent stimulation (gelation of internal protoplasm)  can, under
some conditions, act as stimulating agents, i.e.,  cause gelation of internal protoplasm.
At present no satisfactory explanation is available for this twofold action of citrates and
oxalates.  In the case of photodynamic action it might merely be a matter of the degree
to which activated dye molecules penetrated the protoplasm.  Gelation of internal proto-
plasm by photodynamic action might mean that few activated dye molecules were enter-
ing the cortex or interior of the cells, and thus few of them would be available to tie up
any free calcium in the cells.  At any rate, it must be mentioned again that more investi-
gations are needed before any of these suggestions as to the relationship of activated dye
molecules to free calcium can be accepted.

It has frequently been pointed out that the colloidal behavior of protoplasm is similar
to the colloidal behavior of vertebrate blood (see Heilbrunn,1937, I94o) ; and, indeed, in
both cases calcium is intimately concerned with the mechanism of gelation or clotting.
It is interesting to note that the liquefying effect of photodynamic action on amoeba pro-
toplasm finds a parallel in photodynamic studies of blood.   Howell (1921)  and Sellards
(1918)  find that blood-clotting is prevented by photodynamic dyes in the presence of
light.

SUMMARY

I.  Centrifuge tests on .4 . ¢7o¢e%s show that intense artificial illumination increases the
viscosity of the plasmagel approximately 3o per cent.  This increase in viscosity can be
detected within Io seconds after the exposure and persists for over 15 minutes.

2.  Calcium is essential for this gelating action, since light does not increase the vis-
cosity of the plasmagel of oxalated amoebae.

3.  In pure solutions of potassium or sodium chloride the effect of light depends upon
the period of immersion.  After relatively short immersions light increases the viscosity
of the plasmagel, whereas after long periods it cannot do so.  This is interpreted to mean
that light can release calcium from a source in the interior of the amoeba after it has been
removed from the cortex by the action of these salts.

4.  The plasmasol or inner protoplasm of 4 . d#b6¢ is also gelated by short exposures to
intense visible radiation.  This effect can be detected within Io seconds after the exposure
and persists for at least 3 minutes.

5.  The gelating action of light on the plasmasol is prevented by the removal of cal-
cium from the amoeba.

6.  In strengths of I : 5o,ooo and I : Io,ooo rose bengal has no effect in the dark on the
viscosity of either the plasmagel or the plasmasol of amoeba.   Eosin in a strength of
I : 2,ooo also produces, in the dark, no changes in the viscosity of amoeba protoplasm.

7.  Light acting in combination with either of these two fluorescent dyes, i.e., photo-
dynamic action, causes a decrease in the viscosity of the plasmagel of about 23 per cent.
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8.  Photodynamic action causes a pronounced liquefaction of the internal protoplasm
or plasmasol of 4. d#b;a.

9.  All of the liquefying effects of photodynamic action are detectable within Io seconds
after the exposures and last as long as 28 minutes.

Io.  In view of the fact that calcium in relatively small concentration causes a decrease
in protoplasmic viscosity (of the cell interior), it is suggested that the liquefying effects
of photodynamic action are due primarily to a binding by light-activated dye molecules
of most of the free calcium in amoebae.

:.3i
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PHOTODYN-AMIC  ACTION  IN  THE  EGGS  OF
NEREIS  LIMBATA1,2

FRED  W.  ALSUP
Zjoalog¢oal   I.choral,oru,  -Unbversity   of   Penn8glvanba,   Philadelphia,

and  Mar'i,ne  Biozogbcal  Iichoratory,  Woods  Hole,  Ma88a,ohu,8ett8

ONE  TEXT  FIGURE  AND  ONE  PLATE   (SIX  FIGURES)

Visible lig.ht usually has very little observable effect on living systems
unless  they  contain  lai.g.e  amounts  of  natural  pig.ment.   However,  as
Raab  ( '00)  accidentally discovered,  if some photosensitizing  substance
is adclecl to a living. system, visible lig.ht becomes effective.   The changes
procluced in livillg. systems by the combined action  of visible  light  and
tl  se]]sitizing. substance, usually a fluorescent dye,  are  said t,o be due to
photodynamic  action.   Since  the  discovery  of  this  phenomenon,  it  has
beeii  studied  by  numerous  investigators  in  various  fields  and  many
iiitei.esting  results  have  been  obtained.   Muscle  cells,  red  blood  cells,
pi.otozoa,  bacteria,  nerve  cells,  marine  ova  and  various  physiolog.ical
phenomena have been shown to be markedly affected by photodynamic
action.  For comprehensive reviews of the literature  on the  subject  see
Tappeiner  ( '09)  ancl Blum  ( '32,  '35).

The pliotodynamic  studies  on  red blood cells have for the most part
I)Cell  quantitative  in  liature,  but  this  has  not been  true  for  studies  of
this type on marine ova and other cells.  The un fertilized eggs of Nereis
limbata  have  provecl  useful  material  for  quantitative  studies  of  the
action  of  ultra-violet  radiation  (see  Heilbrunn  and  Wilbur,  '37;  and
Wilbur,   '39).   The  g.erminal  vesicle  breakdown  which  is  produced  in
tliese  egg.s  by  stimulation  affords  a  definite  measure  of  the  effects  of
stimulation.   The  use  of  this  reaction  has  made  it  possible  to  study
photodynamic action in Nereis egg.s in a more quantitative manner than
]ias  been  possible  in  the  eggs  of  other  marine  for.ms.   The  results  of
such  studies  on Nereis  eggs  are  presented in  this  paper.

1 The  wi.iter  wishes  to  expi.ess  his  gratitude  to  Di..  L.  V.  Heilbrunn  foi.  his  aid  and  friend-

liness  dui.i]ig  the  preparation  of  the  manuscript,  and  to  Di.s.  F.  Moser  and  K.  M.  Wilbur  for
iii\Ta]uable   assistance   with   the   photography.

2 This  investigation  was  aided  by  gi.ants  fi.om  the  Julius  Rosenwald  Fund.
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MATERIAL  AiND  METHODS

The  light  source  used  in  most  of  the  expel.iments  was  a  1000  watt
Mazda  electric  bulb  mounted  in  an  asbestos-lined  wood  ventilating
shaft.   For t,he greater part,  the light  set-up was  quite  similar  to  one
previously described  (Alsup,  '39)  in conliection with some experiments
involving.  visible  light.    The  light  from  the  bulb  passed  throug.h   a
circular aperture in the front wall of the shaft and was reflected tliroug`h
the  condenser  of  a  microscope  by means  of  the  substage  mirror.   The
int,ensity of the light just above the condenser was found to be approxi-
mately 350,000 candle-meters when measured by a Weston photoineter.
IIeat was removed from the set-up by an electric fan and a water.  cell.

The temperature of the room in which the experiments were conducted
varied  between  22°C.  and  25.8°C.  from  day  to  day.   Hven  t.houg.h  the
iig.ht was sometimes on for 30 minutes, the temperature around the stag.e
of  the  microscope  never  increased  more  than  3°C.  over  that  of  the
room.   Moreover,  the  irradiated  dye  solutions  showed  t,he  same  con-
stancy of temperature.

Only two photodynamically active dyes, rose bengal and  eosiii,  were
used in these experiments.  Rose bengal was obtained from the Coleman
and Bell Company; the eosin was a Grtibler's product.   Stock solutions
of dyes were  made  up  in the  proport,ions  of  1  part  dye  to  2000  parts
sea-water.   In the  experiments  with  eosin,  only the  stock  solution was
used.   More  dilute  solutions  of  rose  bengal  were  obtained  by  adding
sea-water to the stock solution.  In some experiments with rose bengal,
t,he dye was dissolved in isotonic  salt solutions instead  of sea-water.

In the  course  of each photodynamic  experiment,  one  or two  concen-
trated drops  of unfertilized eggs from a  single  female were placed by
means of pipettes in each of several stender dishes or small vials which
contained  5-25  cc.  of  the  dye  solutioiis.   IEach  dish  was  then  sliaken
gently so that the eggs became loosely packed at, the center.   After the
eggs had been in the  solutions  for  5-25  minutes,  they  were  placecl  on
the  st,age  of the  microscope  and  were  exposed  for  various  lengths  of
time  to  light  from  the  1000  watt  bulb.   The  eg.gs  in  each  dish  were
examined  at intervals  during  and  after  the  exposures.

EXPERIMENTAL  RESULTS

A.  Th,e  eff ects  of brradj,atbon wi,thout  due

Hxperiments were first made to learn if visible light  alone had  any
effect on the un fertilized eggs of Nereis.   The eggs from most females
were unaffected when  exposed in  sea-water  to  light  from  the  bulb  for
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1-30 minutes,  and  upon  inseminat.ion  these  irradiated  eggs  developed
normally.  However, the eg.gs of a few females showed a small percent-
age  (1-3r/o )  of germinal vesicle breakdown after long exposures  (10-30
minutes)  to  the  light.

8.  The eff ects of dues wi,thout i,rradk"tbon

Various  investigators  have  found  that  in   sufficient  concentrat,ion
most photodynamically active  substances  are  capable  of producing in-
jurious effects on cells in the dark.  This has also been found to be true
in Nereis eggs.  In concentrations of rose bengal greater than 1 part, in
20,000  parts  sea-water,  the  entire  egg  becomes  stained,  some  of  the
cortical jelly is extruded, the germinal vesicle breaks down and finally
cytolysis sets in.   These ``dark reactions"  are death reactions.   It. may
be noted that they occur as readily in pure hydrogen  as  in  air.   Much
higher concentrations of eosin are required to produce the same degree
of reaction.  Not only is eosin in a concentration of 1 part in 2000 part,s
sea-water relatively ineffective in the dark, but some eggs can be ferti-
lized  and  develop  into normal larvae  while  immersed in  a  solution  of
this strength.  In the dark 1 : 20,000 rose bengal produces no observable
effects, but the same concentration in the presence of diffuse light does
cause  observable changes.  Hggs cannot be fertilized in this  concentra-
tion,  and  even  if  removed  to  sea-water,  the  percentage  fertilizable  is
very low and there is little cleavage.  In 1 : 40,0'00-1 : 200,000 rose bengal
solutions, eggs retain their normal appearance both in the dark and in
the diffuse light and can be fertilized.  Indeed, 70-807o  of the  eggs are
fertilizable in non-irradiated 1 : 200,000 rose bengal solutions and cleave
while  still in the dye; many develop  into larvae.   If inseminated  after
removal  to  sea-water,  80-907o  develop.

Alt,hough  eggs  which  have  been  in  1: 40,000-1: 20,000  rose  bengal
solut,ions,  in  the  dark,  are  not  always  fertilizable  when  returned  to
sea-water, they are not killed by these exposures.  This is shown by the
fact  that  such  eggs  can  still  respond  to  stimulation  by  phot,odynamic
action.  Moreover, the cytoplasm was not stained.  Shippen ( '07), Menke
( '35)  and others have found that fluorescent dyes stain only dead cells.
In other words, injury t,o the surface membrane precedes  staining and
subsequent  cytolysis.   It  is  quite  coi'iceivable  that  1: 40,000-1: 20,000
rose  beligal  solutions  do  initiate  some  injury  or  change  in  t,he  eggs
since  some  of  the  eggs  returned  to  sea-water  become  cytolyzed  after
insemination.  It is interesting to note that if not inseminated after the
1.emoval to sea-water, eggs retain their normal appearances indefinitely.
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C.  Eff ect of brra,dba,tiion andj dale

(a)  Genyberal  eff ects  of  photodunamic  action.  rFhe first .mdica;hiion  of
the effect of light on un fertilized Nereis eg.g.s immersed in  solutions  of
rose  bengal  was  t,he  appearance  of  uniforin  wide  spaces  beneath  the
vitelline membranes.   These perivitelline  spaces  became  evident  in  1-3
minutes.  As the  spaces approached their maximum widths,  the  proto-
plasmic  surfaces  of  the  eggs  became  pulled  up  into  sharply  pointed
mounds.  These disappeared and the egg. surfaces became smooth aLgain
in 10-15 minutes after the exposures to the light; by which time much
of the cortical jelly had been extruded.  Hxcept for those that cytolyzed
immediately  after  the  perivitelline  spaces  appeared,  the  eggs  showed
g.erminal  vesicle  breakdown.   Some  eggs  remained  indefinitely  at,  this
stag.e  of  activation;  some  became  cytolyzed;  but  still  others  showed  a
iiiore striking effect, namely photodynamically induced development.

The best development was obtained in eg.gs exposed in solutions con-
taining 1 part rose beng'al in 200,000 part,s  sea-water to light from the
1000 watt bulb.  In these parthenogenetically developing eggs, first and
second  polar  body  formation  and  first  cleavage-division  showed  the
same  time  sequence  as  in  inseminated  eggs  developing  normally  in
sea-watei..  Figure 1 is an activated egg with two polar bodies that were
present. 65 minutes after the egg had been exposed in this concentration
to light for 30 seconds.  Figure 2 is a picture of an egg from the  same
female  that was  inseminat,ed  in  sea-water  at  approximately  the  same
time.   It  inay  be  seen  that  except  for  the  width  of  their  perivitelline
spaces  the two  egg.s are quite  similar in  appearance.   A few  activated
eg.gs  showed  fairly  normal  looking  daughter  cells   (fig..  3).   In  most
cases lat,er cleavages were irregular, but many of these parthenog.emetic
eg.gs  g.ave  rise  to  abnormally  ciliated  larvae  which  swam  slowly  and
showed varying. degrees  of differentiation  (figs.  4  and 5).   Wlien  some
activated  eggs  were  moved  to  sea-water,  development  was  not  better
than that, of eg.gs left in the dye  solution.

Cont,rols  of non-irradiated  uninseminated  eggs  in  sea-water  and  in
e€ich concentration of dye used were made for each experime-nt.   These
conti.ols which were left in the dark or in the diffuse lig.ht of the room
iiever  showed  any c,hanges  from  their  normal  appearances.

(b)  Nuclear  breckd,own,  as  a  mea,sure  of  re`sponse,  t,o  photodtlq'i,aunbc
f!,cf{.o7€.  All of the photodynamic effects produced in unfertilized Nereis
eg.g.s are variable and depend upon the length of exposure  to lig.ht ancl
the concentration of tlle rose bengal solut,ion.  As was mentioliecl above,
one  of these  effects, nuclear breakdown,  lends  itself readily  to  quanti-
tative  studies.   For  this  reason  only this  phase  of  the  respoiise  of  the
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eg.g's  to  photodynamic  action  was  consider.ed  in  experiments  desig`ned
to  elucidate  the  relation  of  the  response  to  the  concentration  of  rose
beng.al and the t,ime of exposure to light from the bulb.

Hg.gs  were  irradiated  while  immersed  in  various  concentrations  of
rose beng.al.  The percentag.e of nuclear breakdown was determined 1-2
hours after the different per.iods of iri.adiation by compressing the egg.s
between  slide  and  cover  glass  and  counting  100  or  more.   The  results
of  experiments  of  this  type  are  presented  in  the  form  of  graphs  in
fig.ure  6,  in  which  exposure  time  is  plot,ted  against  the  percentag'e  of
g.erminal vesicle breakdown for four different dye concentrations.  mach
point  on t,he continuous portions  of the  curves  represents  t,he  average

Fig. 6     Graphs,  showing  percentage  germinal  vesicle  breakdown  in  Nereis  eggs  irl.adiated
for  various  lengths  of  time  in  foul.  concent,rations  of  rose  bengal.

of fourteen experiments, while each point on the broken portions of the
curves  represents  the  average  of nine  experiments.   The  eg.g.s  usecl  in
expel.iments with a given concentration of rose beng.al wet.e from indi-
viduals different from those whose eggs were used in experiments with
any other. concentration.  Mol.eover, the eg.g's used to determine points on
the broken portions of a given curve were not from the females whose
eg.g.s  were  used  to  determine  points   on  the   continuous   portions   of
the cut.ve.

As indicated by the graphs, the percentage of gel.minal vesicle break-
down  in  eg.gs  irradiated  in  a  given  concentration  of  rose  beng.al  rises
quickly to a maximum as the exposure time is increased.   The percent-
age of breakdown is greater in eggs exposed to light in 1 : 200,000 rose
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bengal solut,ions than in eggs irl.adiated in liighei. coiicentrations.  How-
ever,  the  maximal per.centages  are  reached  in  the  latter  after  shorter
exposures.  From the curves for the two lowei. concentrations, 1 : 200,000
and  1: 100,000,  it  may  be  seen  t,hat,  once  the  maximal  percentage  of
breakdown is reached, it is niaintained even when the exposure t,ime is
increased.   On  the  other  hand,  eg`gs  in  1:40,000  rose  bengal  solution
show  a  slight  drop  and  eggs  in  1: 20,000  rose  bengal  solution  show  a
considerable  drop  in  percentage  of  germilial  vesicle  breakdown  when
they are exposed to light longer than is just necessary to produce maxi-
mal  percentage  of  breakdown  in  either  of  these  two  concentrat,ions.
Many more eggs were found to be cytolyzed in the higher concentrations
of  rose  bengal  after  a  g.iven  period  of  irradiation  than  in  the  lower
concentrations.   Since  eggs  which  became  cytolyzed  immediatelv  after
showing. perivitelline spaces did not always show germinal vesicle break-
down,  the  low  percentage  of  breakdown  noted  in  eggs  subjected  to
colisiderable  amounts  of photodynamic  action is  probably  to  be  corre-
lated with the great amount of cyt,olysis produced under such conditions.

(c)  Eff ects  of  prevbouszqy i,rradbated  dtle  sol,`utbons.  The experinen+ELl
fincTing.s  reported  by  various  investigators  as  to  the  effects  produced
on cells in the dark by previously irradiated solutions of photodynami-
cally active  substances have not been in  ag.reement.   Raab  ( '00)  main-
tains   that   acridine   solutions   irradiated   alone   are   unable   to   kill
paramecia  in  the  dark.   Ledoux-Lebard   ('02)   found  that  previously
irradiated  eosin  solutions  kill  and  cytolyze  paramecia.   Moore   ('28)
contends  that  light  acting  upon  eosin  separately  forms  a  toxic  com-
pound which is able, in the dark, to kill but not, to cytolyze the eggs  of
the  sea  urchin,  Strongylocentrotus  purpuratus.   On  the  other  hand,
Pereira  ('25)  was  unable  to  kill  Arbacia  larvae  by  usilig  previously
irradiated eosin solutions.  In view of these and ot,her discordant results,
it was thought worth while to investigate  the  effects  of  such  solutions
on the eggs of Nereis.

Hosin  solutions  containing  1  part  dye  in  2000  parts  sea-water were
exposed for 20-25 minut,es  to light from the  electric bulb  or for  30-45
minutes  to  sunlight.   Rose  berigal  solutions  containing  1  part  clye  in
20,000-200,000 parts sea-water were exposed for 20-25 minutes to arti-
ficial  light  or  for  30-60  minutes  to  sunligllt.   All  dishes  of  solutions
exposed to sunlight were allowed to cool on a sea-wat,er table for 15-30
minutes  before  eggs  were  added.   Hgg.s  were  added  to  the  solutions
exposed  to  artificial  light  1-3  seconds  after  the  exposures.   After  the
eggs  had  been  in  the  dark  in  the  irradiated  solutions  for  1-2  hours,
tliey  were  examined  for  phot,odynamic  effects.
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Solutions  of  rose  bengal  which  had  been  exposed  to  sunlight  or  to
artificial 1ig.ht produced, in the dark, no immediately observable effects
on eggs.  However, when eggs were removed from previously irradiated
1 : 200,000 rose bengal solution to sea-water and inseminated, it became
evident  that the  irradiated  solution  did have  some  effect  on  the  eggs.
Man+  of  these  eggs  cleaved  irregularly  or  cytolyzed;  whereas  eggs
t,1.ansferred to sea-water from non-irradiated dye solutions of the same
eoncenti.ation  cleaved  regularly  and  did  not  become  cytolyzed  upon
insemination.     After   long   exposures    (1.5-3.0   hours)    to    sunlight,
1 : 20,000 rose bengal solut,ion loses most of its red color.  Such a bleached
solution had little if any effect on the eggs and sperm of Nereis.   This
is shown by the fact that eggs could be fertilized in and would cleave in
the bleached solution, whereas this was not true in unbleached solutions
of the same concent,ration.

P].eviously irradiat,ed  eosin  solution  did  produce,  in  the  dark,  some
()liservable effects  on the unfertilized egg.s  of Nereis :  As many as  75°/o
of egg`s from some females  showed germinal vesicle breakdown,  but in
most  cases  the  percentage  was  much  smaller   (8-307o) ;  a  few  egg.s
became  stained  and  cytolyzed.   On  the  other  liand,  when  eggs  were
irl.adiated together with eosin, practically all of them showed germinal
\Tesicle  breakdown;  some  cleaved;  and  many  were  subsequently  cyto-
hTzed.   The  st,ock  solution  of  eosin  used  in  these  experiments  was  not
bleac'hed to  any perceptible  extent by exposure  to  sunlig.ht for  1 hour.

D.   Chemkcal  i actors  Off ectbng  plmotodfuyna,mbc  reactbonybs

(a) Eff ect of Zacl3 of ocoygen on photodynambc reacti!ons.  C)orltiiderELhhe
evi(lence  has  accumulated  to  indicate  that  photodynamic  react,ions  re-
quire  the presence of molecular oxygen  (see  Blum,  '32).   Hxperiment,s
with the eggs  of Nereis  show that the  changes produced in these  eggs
by rose bengal and light or by eosin and light do not take place in an
atmospliere of pure hydrogen.

Eggs  were  placed  in  a  drop  of  1 : 20,000  rose  bengal  solut,ion  or  of
1 : 2000  eosin  solution  on  a  glass  slide  which  was  inverted  and  sealed
with iTaseline to the top of a small Englemann chamber.   The  chamber
restecl on the  stage  of the microscope in  such a way that the hanging
drop was over the condenser of the microscope.  Hydrogen was washed
l]}t  passing.  it  throug.h water.  and  then  purified  by  passing  it,  over  hot
I)latinized asbestos.  After the hydrotgen had been passing through  the
g'as-tight chamber for  40-50 minutes,  tl]e  eggs  in  the  hang.ing  drop  of
clye  solutions were  exposed to light from the  1000 watt bulb  for  10-23
minutes.   These irradiated eggs were kept in t,he hvdrogen atmosphere
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for 60-90 iiiinutes  and were  examined  at various  iiltervals  with  a  low
power  objective.   Fifteen  experiments  of  this  type  were  carriecl  out.
No  photodynamic  effects,  whatsoever,  could  be  produced  in  an  atmo-
sphere  of  pure  hydrogen.   As  coiitrols  for  these  experiments,  eg'g's  in
hanging.  drops  of  1: 20,000  rose  bengal  solution  and  of  1: 2000  eosin
solution were irradiated for 5 minutes in air..  These control egg.s sho\`;ed
extensive photodynamic chang.es even before the ii.radiations wet.e otter.

(b)  Ef f ect  of KCN  on photod?iiqii,am,bc  re,actbom,s.  TlxpeT:.Tmehial Tes+I++s
such  as wei'.e presented in the preceding.  sect,ion  of tliis  paper  indicate
tllat  photodynamic  reactions  are  oxidative  in  nature.   Besides,  llTohl-
gemuth and  Szorenyi  ( '33) ;  Kosman  and Ijillie  ( '35)  have  found  that
photodynamic action increases the oxygen consumption of various cells
and  tissues.   The  conflicting.  results  (see  Blum,   '35)  which  have  been
reported by various workers on t,he effect of cyaiiide on the production
of photodynamic changes indicate that the increased oxyg`en uptake clue
to photodynamic action is different from t,he uptake of oxygen in normal
tissue  respiration.   Indeed,  my  experimental  results  show  that  phot,o-
dynamic reactions occur readily in Nereis eg.g.s poisoned by KCN-.

Two  solutions  containing  KCN  and  I..ose  beng.al  were  macle  up  ill
sea-water.   One solution contained 1 pal.t dye to 20,000 parts  sea-water
and  0.01 M  KCN,  a  concentration  of  KCN  which  completelv  inhibit,s
normal  respiration  in  marine  ova  (see  Barron  aiid  Hambur.g'ei.,   '32).
The other solution contained 1 part dye to 200,000 parts  sea-water ±incl
0.01 M KCN.

Eggs  irradiated in both of these  solutions  showecl wide  pet.ivitelline
spaces  and  germinal  vesicle  breakdown;   some  were   cytolvzed.    Tlle
i'.esults  in  table   1   sliow  that  KCN  aug.melits  photodyiiamic   nueleai.
breakdown.  Furthermore, it may be seen that the percentag.e of liucleair
breakdown is more consistently augmented by KCN when the eg.gs  are
immersed in the hig.her concentration of the dye than when tlie eg.g.s ai.e
immei.sed in  the  lower  concent,ration.   Control  eg,.g.s  left  in  the  clai.k  in
these  solutions  containing KCN  showed Ilo  nuclear  bi.eakclowii.

(c)   Ph,otod!yna,in,ic    anybd    dark    reac,tbons    i,n    c,al,c'i`uun,-ire,e    `solu{i(jliis.
Germinal vesicle breakdown due to photodynamic action in Net.eis  etq'`g's
is t,o some extent dependent on calcium.  This is evident fi.om tile results
of  some experinients in which egg.s we].e first immei.sed in citi.ate  solu-
tions,  whicll  presumably  removed  calcium  from  the  outei.  laiTei.  of  tlie

®

protoplasm, and wet.e then exposed to photodynamic action in solutioiis
containing. no calcium.   These  results  are pi.esented in table  2  ill whicll
the  values  in  the  third  and  fourth  columns  are  to  be  comparecl  TTitll
those in the fifth ancl sixth columns, respectivelv.  As niay be seen t'i.om/
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the table, slnall percentag.es  (0-18t/c, )  of tile  eg.g.s wllich wet.e iminei.sod
in an isotonic solution of potassium citrate for 10-14 minutes and were
then removed t,o a solution of 1.ose bengal in isotonic, potassium chloi.ide
(solution  I)   showed  germinal  vesicle  breakdown  when   subtiected  to
pl]otodynamic  action  for  as  long  as  10  miiiutes.   Furthermoi.e,  it  may
be  seen  that  if  eggs  were  removed  fi.om  the  potassiuiii-chloi.ide-dye

TABLIf  1

Show'incg   tlLc  eff eat  of  -KCN   (jlL  mlcl,eai.  bredrkdowi'n   2)roclu,cecl  by  photodiyqLa`mio  ac;tkon
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solution to  sea-watei.  coiitaiiiilig 1.ose beng.al  (solution 11),  tlieir germi-
]ial vesicles wet.e readily broken down when t,hey wet.e exposecl to photo-
dynamic  action  for  0.5-2.0  miiiutes.

When  egtgs  -were  removed  from  sea-water  (ol.  isotoliic  citi.ate  solu-
tjons)   to  isotonic  citrate  solutiolis  contailiing.  small  amouiits  of  1.osc
beiig.al,  all  of  them  became  stailiecl  ancl  some  showed  g.ermiiial  vesicle
breakdown  (see table 3).   Tliese cliang.es  occur.red in tlie dai.k aiicl Were
always accompanied by cytolysis.

TABLE  2
Sh()u:i!1Io  the   (]ff ect,   t)i   c'itra,±e  treatment   o'n,  the   percentage   of   luictcar  breckd()wib  kib   e(ggs

eacpo8e\d  to  phot,od'ynamiic  actkon±

Solution I   -1  part  I.ose  beiigal  in  200,000  parts  0.53 M  KCI
Solutioil IT -1   part  rose  bengal  in   200,000  I)ai.ts  sea-water

I L\l M t`;1t, S ) 0 N
N  UN  ltll:It   oll`           'J'[MIl]'I  IN

li;Xl'ER,I-                 0.35   M
j`,\l I`}NT                K-CHT|{,\rr|t}

(MINUT,I,ls,)

Ill.:R`I0D  OF  IRRA-              %t   BRiEAKT)OWRT  IhT         P]`}RIOD  OF   [R,HA-
D,ATTO,RT  OF3`  I;GGS          I,:tics  [R,RAD]Ar,`T]D,  [N    I,TAT,ION  OF  Et;GS
+_\ Fr+`ER, R,,L`] o\,A ,I,             So,LUT,]o,RT  I  AF,T,I,]R        AE:`TER  RIt MoVA[u
r|`O  soliiurlT'ION  I                   REMOVAL  FROM             TO  SOIJ'UT[ON  II

(MINUTus)

I113
11                         10                                     2
Ill                  14                              5
IV                     14                               10
V]25
VT                      IL)                                 ]0
VII                     10                                   10

VI_II                        10                                           10

JX                      10                                    ]
X                           11                                       0.5

K-CITRAT'E                        ( MINUTli]S)

4
7

12

18

7
0
0
0
0
0

9-
2
0
rlE

2
0U
2
)

LJ

0.75

1

0.5

80
80
98

100

82
30
38
77

90
3!)

t 'J'altle,   2   sliows   ollly   results   ``'itli   potassium   salts.    Siiiiilai.   i'esults   wet.e   obtaiiiiid   witli

sodium  salts.
TABLE  3

Showing   the   I)e'rcerL±age   of   lulcte(Lr   bl.echdown   biL   eggs   i!iiunel.Sed   bn   c'it!rate   t;otiitiio'n8   wh'.iclb
oontai'n  8'malt  a,imount,S  of   rose,  bengal

Solution  A -1  I)ai.t  rose  bcnga]  in  200,000   I)€ii.ts  0.35 M  K-citi.ate.
Solut,loll  8-1   pal.t  1.ose  bengal   in  200,000   pal.ts  0.35 M  Na-citl.ate.

NUM13It]R  OF
l`: X P E,R I M E N T S

I)ONFJ

4 Eggs  1.emo`'ecl  froiii   sea-watci.  to   solution   A

Eggs  removed   fi'om  sea-i\Tatei.  to   solution   8

I]ggs  removed   fi.om  0.35 M  K-cit].ate  to   solution   A

Eggs  1.eliioved  fi.om   0.35 M  Na  citi.ate  to   solutioii  8
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DISCUSSION

According  to  tile  calcium-release  theory  of  stimulation   (see  Heil-
brunn,  '37),  free  calcium  must  be  present  in  the  cortical  protoplasm
before  a  cell  can  respond  to  ordinary  types  of  stimulation.   When  an
un fertilized egg responds to stimulat,ion, it, usually does so by beg.inning
maturation.   In  the  eg.g.s  of  Nereis  limbata  one  of  the  first  st,eps  in
matul.ation  consists  of  the  breakdown  of  the  g.erniinal  vesicle.    The
I.esults obtained by Heilbrunn and Wilbur ( '37) iiidicate that tlie liu(.,leaf
bi.cakdown which can be pi.oduced in this  eg.g by ultra-violet  I.adiat,loll,
sodium  chloride  or  potassium  chloride,  is  dependent  upon  calcium  ill
the col.tex of the  egg..   rlThe data presented in the preceding sections  of
this paper indicate that photodynainic nuclear breakdown in this egg is
also conditioned by calcium release from the col.t,ex.  In view of the fact
that  some  Nereis  eg.gs  could  be  cytol-yzed  in  calcium-free  solutions  by
photodynamic action, it cannot be held that all photodyliamic effects in
t]iese eggs ai.e dependelit upon calcium.  It sllould be noted tliat ±it least,
(>iie investigator.,  Moore  ( '28),  has  sug.gestc(1  that photoclymmi(.,  action
a.Ifects  tlie  calcium  balance  in  cells.   He  based  his  sug.g.estion  on  ]iis
fincling. tliat when developing. eggs of the Calif.ornia sea ui.chill, Sti.ong.y-
1ocent,I.otus  purpuratus,  were  subjected  to  photodynamic  action,  the
larvae  arising from the  eggs  showed aberrant  skeletons.

Under at least one  set of conditions  germinal vesicle breakdown can
be  produced  in  Nereis  eggs  from  whose  cortical  protoplasm  calcium
has  been  removed.   I]gg's  which had  been  immersed  in  isotonic  citrate
solution  showed  nuclear  breakdown  when  they  were  transferred  to
isotonic citrate solutions cont,aiming very small amounts of rose beng.a].
Since  this  particular breakdown  could  occur  in  the  dai.k,  it  cannot  be
considered a photodynamic effect.  Rather, it would seem that the citrate
potentiat,es "dark reactions" in the eggs, that is to say, concentrations
of dye which do not produce  observable  effects  on the  egg.\s in the  dark
can do so wheii acting in unison with the citrate.

Tennent  ('38)  and  others  have  concluded  that  sunlight  also  raises
the effe,ctiveness of dilute solutions of phot,odynamically active dyes to
the  level  of  results  produced  by  strong  solutions  without  irradiation.
In  other  words,  they  seem  to  think  that  photodynamic  reactions  are
essentially  t,he  same  as  "dark  reactions."   However,  the  results  pro-
sented  in  this  paper  and  those  obtained  by  some  other  investig'ators
indicate that the two types of reactions are produced in different ways.

In all concentrations of rose bengal used, the surfaces of egg.s seemed
to be colored as if t,he dye were  adsorbed there, but as  fa.r  as  could be
detected  with  the  naked  eye,  rose  bengal  and  eosin  solutions  did  not
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stain   the   ilinei.   protoplasm   of   uliinjui.ed   Nereis   egcgs.    Eg.gs   that
appeared  stained  invariably  showed  soliie  deg-roe  of  cytolysis.   These
findings  are in accord with tlie  results  of other investigators  and it, is
quite likely 1-,Iiat onlv tile dye molecules adsorbed at the surfaces of cells
ai.e  involvecl  in  ph6todynamic  reactions  (see  Blum  and  Hyman,   '39).
Photodynamic  effects  such  as  the  photodyliamic  activation  whicli  lias
lteeli I.eported in tliis paper for Nereis eggs and by Lillie and Hiiiriclls
('23)   for  star.fisli  and  sea  urchin  eg.g.s   would  tllei.efore   seem   to   I)c
secolidai.y effects of some priniary action at the surfaces of cells.  Pondei.
( '35)  has  sliown that in sufficient collcentration  rose beng.al has  a lytic
effect on re(1 blood cells.   Silice t,he nuclear bi.eakclown produced  in the
tlark in Nereis eggs by strong. solutions of rose bengal was always accom-
panied by visible  staining.  of  tlle  pl.ot,oplasm,  it  is  quite  probable  that
tlie dye molecules destroy tile iiuclear membrane  by direct lytic  actioli
aft,ci. liaviiig. alter.ed or desti.oyecl tlle eg.g. melnbi.{`ne and the cytoplasm.
I-ii  otlici. woi.ds,  in  the  "dai.k  I.eile,tiolis"  tlle  action  does  not  appeal.  t,o
ltc  coiifi]iecl  to  the  surf.ace  of  the  i`g.'g's.   All  even  g'reater  differeiice  be-
tween the ` `dark reactions' ' tmd photodynamic 1.eactions in Nereis eg.g.s
is that the former. occur as reaclily in put.e ]lydrogen as in ail., whereas
the latt,er do not occ,ui. ill pure hydrog'en.   This filiding. is in accord with
that  of Blum and  MCBriclc  ( '31)  who  sl]owecl  tllat  strong  solutions  of
eosin  can  produce  hemolysis  of  red  blood  cells  in  tile  absence  of  fi.ee
oxygen  but  that  this  is  necessary  for  photodynamic  hemolysis.   Thus
it would seem that the mechanism of the two t,ypes of reactions involving.
I)hotodyiiamically  active  dyes  are  quite  clifferent.

It is evident that photodynamic chang.es in cells are related to oxida-
tioii,  but  t,lie  exact  nature  of  the  relationship  is  not  known.    Some
wol.kers  maint,ain  t,hat  the  dye  molecules  activated  by  lig.ht  transfer
t,Iieir  energy  of activation  to  oxyg.en  molecules  which  then  oxidize  cell
constituents.    Hxperimental  result,s   obtained  when   Nereis   eg''g.s   ancl
other  cells  have  been  placed  in  the  dark  in  previously  irradiated  dye
solutions  make  it  necessary  to  conclude  that  either  the  activated  dye
molecules  or  the  activated  oxygen  molecules  retain  t,heir  energy  of
{ie,tivation for manv minutes.  Gaviola  ( '27) has presented result,s whicl]/

indicate that the lifetime of an activated dye molecule is of the order of
10" to 10-8 seconds.  If this estimate is accepted, it would seem on the
basis of the experiments with previously irradiated dye  solutions, that
tile oxygen I.etains its energy of activation for quite some time.  As yet,
however, no  convincing evidence has  been  offered to  support  t,his par-
ticular  point.   Menke  ('35)  and  others  believe  that  light  converts  the
dye  into  a  phot,ocompoulid  Capable  of  pi.oduc.,ing  photoclynamic  effect,s
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ill the dark.   In contrast to  the  activat,ion  theory,  this  photocompouncl
theory  does  not  afford  any  explanation  of  how  oxygen  is  involved  in
pliotodynamic  reactions.   However,  neither  of  these  two  theories  fur-
nishes any suitable explanation of the fincling of Bier and Silva e Rocha
( '35)  that  phot,odynamic  hemolysis  is  augmented  by  KCN,  or  of  my
I.esults  which  show  that  photodynamic  nuclear  breakdown  in  Nereis
eg.g.s  is  also  increased  by  KCN.   LTndoubtedly  more  investigatioiis  al.e
liecessary  befoi.e  we  can  liave  a  comi)1cte  explanation  of  tlie  intimate
mcchanisms  of photodynamic  action.

CONCLUSIONS  ANI)  SUMMARY

rlThe  following.  conclusions  have  been  dl.awn  from  the  results  which

h±ive been presented in the preceding pag.es  of this paper :
1.  Visible light acting. alone has vei.y little effect on Nereis  eggs.
2.  In  suffic,lent  coiie(liitratioii  I.ose  bcng.al  kills  aiicl  stailis  these  eg.g.s

ill  tlle  dark.

3.  Lig.lit  activates  unfei.tilizcd  Nereis  eg.gs  immei.se(I  ill  weak  solu-
tions  of  1.ose  bengal  or  eosin.    These  activated  eg.g.s  t,hi.ow  off  poltli.
bodies  and  in  some  cases  g.ive  rise  to  ciliated  larvae.

4.  One  phase  of  tliis  pllotodyiiamic  activation,  nuclear  bi.eakdown,
vat.ies  quantitatively  with  t,he  concentratioll  of  rose  beng.al  and  tile
time  of exposure to light.

5.  No  photodynamic  effects  can  be  pr.oduced  in  Nereis  eg.g.s  in  an
€Ltmosphere of hydrogen.

6.  In  the  clark,  strong.  solutions  of  1.ose  bengal  produce  their  cffccts
oli  JN-ereis  eg.gs  in  an  atmosphere  of  hydl.ogen.

7.  Photodynamic  nuclear  breakdown  is  auLgmented  by  KCN.
8.  Photodynamic  nuclear  breakdown  is  markedly  reduced  when  the

calcium in the eggs has been reduced by mear]s of citrate solutions.
9.  Nereis  eggs  become  stained  and  show  nuclear  breakdown  when

immersed, in the  dark, in isotonic citrate  solutions  which  coiitain vet.y
small amounts  of rose bengal.

10.  Only  injured  ancl  dead  Net.eis  eggs  ai.e  stained  perceptiblv  by
®

rose beng-al and eosin.
11.  Previously irradiated eosin solutions produce, in the dark,  sinall

amounts  of nuclear breakdown  and  even  smaller  amounts  of  cytolysis
in Nereis eg.g's.

12.  Previously  irradiated weak  solutions  of  rose  bengal  produce  no
immcidiately  observable  effects  on  unfertilized  Nereis  eggs.
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Photomjcrographs  of  living  Nereis  limbata  eggs.
Photo(l}Tiianiica]1}T  activated egg  shou'iiig  two  polar bo(lies.   JN-ote  the  `\'itle  pcrivitelliile  spac`e.
Norinal  I ertilized  egg  showiiig  ti\To  polar  bo(lies.
Activated  egg  which  has  cleaved  quite  regularly.

and   5    Ciliate(I  1ar\Tae  w]iicli  liave  ai.isen  from   activated   egg.
Not.mal  unf.ertilize(I  egg.   Note  the  lai.ge  germinal  vesicle.
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