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Description 
Applied Biosystems Gas-Phase Protein 

Beckman Pepti de Syn thes i zer Model 990 
Preparative reaction vessel k i t  (350673) 
Beckman 346 HPLC binary system w i t h  Model 

165 detector  
Model 450 Data System 
Second channel for  data system and 128K 

RAM 
Serial  communications and software f o r  
above system 

Autosampler - Model 504 
Post column derivat izat ion unit  
Col UM temperature control 1 e r  

- Sequencer (470-A) 

Subtotal: 

8. Estimated Cost Sharing (Detail) 

1. Shipping/Handling 

2. Installation , operation & maintenance 

3. Bdding/Laboratory Renovation 

Subtotal: . 
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1 
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Institution's 
ShaE 

_ _  

27 , 800 

27,800 

To tal 
Estimated 
Unit Price Total 

$1 08,000 
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3,200 

23,100 
15,900 

1,750 

1,750 
9,750 
9,000 
1,820 

$263,870 - 

Other 
Federal 
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27.800 

27,800 
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A module c o n s i s t i n g  of a p e p t i d e  sequencer ,  a pep t ide  syn thes i ze r ,  and 

a common, HPLC p l u s  data system is  reques ted  t o  a i d  i n  t h e  r e sea rch  programs 

of  i n v e s t i g a t o r s  i n  t h e  Department of  Biochemistry,  Johns Hopkins School of 

Hygiene and Publ ic  Health. 

This equipment is  needed for t h e  s y n t h e s i s  of s p e c i f i c  an t igens ,  enzyme 

s u b s t r a t e s  and i n h i b i t o r s ,  and f o r  t h e  c h a r a c t e r i z a t i o n  of gene products.  

The range of p r o j e c t s  t h a t  w i l l  be b e n e f i t t e d  inc lude  enzyme 

(d ihydroora t a se ,  DNA r e p a i r  enzymes and fo lypolyglu tamate  syn the ta se )  

mechanism and func t ion  o f  specific p r o t e i n s  (metal binding p r o t e i n  and DNA 

r e p l i c a t i o n  f a c t o r s ) .  

A t o t a l  of nine f a c u l t y  members and t h e i r  s t u d e n t s  w i l l  a c t i v e l y  use 

t h e  i n s t r u m e n t s  requested.  

three t o  fou r  doc to ra l  s t u d e n t s  every  year  i n  t h e  last decades. Among those  

whose are c u r r e n t l y  e n r o l l e d ,  t h e  m a j o r i t y  are involved in p r o j e c t s  f o r  

which a v a i l a b i l t y  of t h e  reques ted  in s t rumen t s  become inc reas ing ly  important  

t o  t h e  degree of s o p h i s t i c a t i o n  of their t r a i n i n g  and cont r ibu t ion .  

The department  has graduated on t h e  average of 

l O l b 3 5 2  v i i i  



5- Xi&.& af Contents  Page 

i 1. Cover shee t  

2. Budget sheet i i - i i i  

3. Contract  summary sheet i v - v i  i 

4. Summary v i i i  

5. Table  of Contents i x  

1 6. Nar ra t ive  

A.  Merit and accomplishments 
( 1 )  Background 
(2) General need 
( 3 )  Descr ip t ion  of ins t rument  

(1) Pept ide  s y n t h e s i z e r  
(ii) Prot ien-Pept ide sequencer  
(iii) 
Overal l  o b j e c t i v e  of t h e  progran; 

Major accomplishments i n  last  f i v e  years 
a. DOE supported a c t i v i t y  
b. Supported by other sources  

High Performance Liquid Chromatography u n i t  
(4) 
( 5 )  Impact o f  DOE area8 
(6) 

1 
1 
2 
3 
3 
3 
4 
5 
5 
6 
6 
6 

8 
9 

23 

24 

B. Qua l i f i ca t ion  of f a c u l t y  
(1) Major u s e r s  
(2) Other  major u s e r s  
(3) Representa t ive  r e l e v a n t  research by p r e  and pos tdoc to ra l  

fellows 

2 7  C. I n s i t u t i o n a l  plan 

( 1 )  Maintenance and o p e r a t i o n  
a. Oversight 
b. Pol icy  f o r  use 

27 
2 7  
27 

2 8  (2) Nonfederal cost  s h a r i n g  

(3 )  Commitment l e t te rs  
a. From Chairman 
b. From Consul tant  

2 8  
29 
30 

31 7. Est imatedcost  and budget 

32-43 8. Facu l ty  Resume 

9. Civil  r i g h t s  assurance 44 

l 0 1 b 3 5 3  i x  



The Johns Hopkins Un ive r s i ty  Ph.D. program i n  Biochemistry 
i s  designed t o  p repa re  q u a l i f i e d  s t u d e n t s  f o r  a career i n  bas i c  
r e sea rch  and teaching.  The Biochemistry Department was founded 
i n  1917 by E.V. McCollum, t h e  d i scove re r  of t h e  first v i t a m i n s  
(v i t amin  A i n  1913, t h e  B complex i n  1915, and v i t a m i n  D i n  
1922). We have a young f a c u l t y  who work i n  t h e  l a b o r a t o r y  and 
I n t e r a c t  c l o s e l y  wi th  t h e i r  g radua te  s t u d e n t s  and pos tdoc to ra l  
f e l l o w s  every  day. A t  p r e sen t ,  our department  c o n s i s t s  of t e n  
f a c u l t y  members, twenty- three  g radua te  s t u d e n t s ,  a n d  t h i r t e e n  
pos tdoc to ra l  fellows working i n  cont iguous q u a r t e r s  on t h e  e igh th  
f l o o r  of The School of Hygiene and Pub l i c  Health. We expect  t h e  
number of f a c u l t y ,  g radua te  s t u d e n t s  and p o s t d o c t o r a l  f e l l o w s  i n  
ou r  department  t o  remain  cons tan t  i n  o r d e r  t o  p re se rve  a cohesive 
department w i t h  a f r i e n d l y  atmosphere. 

The Biochemistry Department I n  t h e  School of Hygiene and 
Pub l i c  Heal th  is one of t h e  departments  i n  t h i s  u n i v e r s i t y  
engaged i n  basic biochemical and molecular  b i o l o g i c a l  research. 

Current  areas of r e s e a r c h  inc lude :  

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8 .  
9. 

10. 
11. 

12. 
13- 
14. 

16. 
15. 

Enzymology of  repair of  damaged DNA 
Mechanisms of g lycopro te in  and g l y c o l i p i d  b iosyn thes i s  
Biochemical g e n e t i c s  o f  animal and bacterial cells 
Bioorganic  chemistry of enzymatic c a t a l y s i s  
Biochemistry o f  environmental  carc inogens  
Enzymology and r e g u l a t i o n  of DNA r e p l i c a t i o n  
Biochemistry o f  g e n e t i c  t ranformat ion  
Biochemical n u t r i t i o n  and metabolic c o n t r o l  
Biochemistry of mutat ions In animal cells  and v i r u s e s  
Design and s y n t h e s i s  of an t i -cancer  a g e n t s  
Maintenance of chromosome i n t e g r i t y ,  gene o rgan iza t ion  
and f u n c t i o n  
Menbrane f u n c t i o n  
N u t r i t i o n a l  f a c t o r s  i n  ca rc inogenes i s  
Cloning and express ion  of  recombinant DNA 
Molecular c o n t r o l  of ant ibody d i v e r s i t y  
P a r a s i t e  immunology 

These s t u d i e s  have been well recognized through pub l i cz t ions  
see s e c t i o n  6.B.) and funding suppor t  (see s e c t i o n  3) .  

The t r a d i t i o n a l  s t r e n g t h  of t h i s  group i n  t h e  s tudy  o f  
g e n e t i c  r e p l i c a t i o n ,  r e p a i r ,  t ransformat ion ,  and expres s ion  is 
complemented by s e v e r a l  o t h e r  departments  at Hopkins such as; 
Phys io log ica l  Chemistry,  Molecular Biology and Genet ics ,  and Cell 
Biology and Anatomy a t  the School of Medicine, t h e  Biology and 
t he  Chemistry Departments a t  t h e  Homewood Campus as w e l l  as t h e  
Human Genet ics  and Environmental  Health t r a i n i n g  Programs, two 

1 



u n i v e r s i t y  w i d e  a c t i v i t i e s .  Graduate s t u d e n t s  i n  t h e  Div i s ions  
of Medicine and P u b l i c  Hea l th  take t h e  same course  work. 
Fea tures  of our  g radua te  program inc lude  l a b o r a t o r y  r o t a t i o n s ,  
unique fo rma t  f o r  t h e  w r i t t e n  p re l imina ry  exam, and our  presence 
i n  t h e  School of Hygiene and Pub l i c  Heal th ,  which a c q u a i n t s  us 
w i t h  problems i n  Pub l i c  Health t o  which b iochemis t ry  and 
molecular  biology can be appl ied .  With the  concerted and 
dedicated e f f o r t s  o f  t h e  f a c u l t y ,  and commitment o f  t h e  
u n i v e r s i t y ,  t h e  Biochemis t ry  r e s e a r c h  and teaching  a c t i v i t y  is 
expected t o  ma in ta in  i ts  momentum and high q u a l i t y  i n  t h e  y e a r s  
t o  come. 

This  a p p l i c a t i o n  is  for equipment f o r  t h e  s y n t h e s i s  and 
sequencing of pep t ides  and p r o t e i n s ,  t o  aid i n  t h e  r e s e a r c h  
efforts of n ine  f a c u l t y  members and t h i r t y - s i x  p r e  and 
pos tdoc to ra l  f e l l o w s  i n  t h e  Department o f  Biochemistry a t  Johns 
Hopkins Un ive r s i ty  School  of Hygiene and Publ ic  Health.  The 
research i n t e r e s t s  o f  the  a p p l i c a n t s  i n  t h i s  g r a n t  are va r i ed ,  
ranging from DNA r e p l i c a t i o n  t o  n u t r i t i o n .  However, i n  each 
case, sequencing and/or  s y n t h e t i c  techniques  f o r  pep t ides  and 
p r o t e i n s  play a fundamental  role  i n  t h e  conduct of t h e i r  
research; t h e  proposed uses  invo lve  t h e  s y n t h e s i s  o f  pep t ides  
f o r  t h e  product ion of  a n t i b o d i e s  or as enzyme i n h i b i t o r s  and t h e  
sequencing of p r o t e i n s  or p e p t i d e s  f o r  t h e  s tudy of  enzyme 
mechanisms, and t h e  sequencing of p r o t e i n s  as a pre lude  t o  t h e  
s y n t h e s i s  of s p e c i f i c  gene probes. These r e sea rch  e f f o r t s ,  which 
are o u t l i n e d  i n  s e c t i o n  6.B. have been g r e a t l y  hampered by t h e  
lack o f  modern equipment. 

P r o t e i n  and pep t ide  sequencers  a i d  i n  t h e  r a p i d  
i n d e n t i f i c a t i o n  o f  p r o t e o l y s i s  s i tes,  t h e  c h a r a c t e r i z a t i o n  of  
s u b s t r a t e  binding sites and f u n c t i o n a l  domains of  p ro te ins .  The 
s e n s i t i v i t y  o f  modern equipment a l l o w s  t h e  sequencing o f  p r o t e i n s  
i s o l a t e d  from gels which p e r m i t s  t h e  c h a r a c t e r i z a t i o n  of  small 
amounts of p r o t e i n  and a l s o  provides  t h e  data r e q u i r e d  for t h e  
s y n t h e s i s  of s p e c i f i c  DNA probes for t h e  genes coding f o r  these 
proteins .  Pep t ide  s y n t h e s i z e r s  a l low the  convenient s y n t h e s i s  of 
modified polypept ides  which can be used t o  map s u b s t r a t e  b inding  
si tes of  p r o t e i n s ,  as p o t e n t i a l  i n h i b i t o r s  o f  some enzymes, as 
models f o r  DNA-protein or meta l -p ro te in  i n t e r a c t i o n s ,  and f o r  t h e  
genera t ion  of  a n t i b o d i e s  t o  s p e c i f i c  reg ions  of p r o t e i n s  
(Hunkapi l ler  et  al. 1984 Nature  310:105-111). 

Some o f  t h e s e  t echn iques  are c u r r e n t l y  being employed by t h e  
i n v e s t i g a t o r s  l i s t e d  i n  t h i s  app l i ca t ion .  However, t h e  equipment 
and methodologies c u r r e n t  a v a i l a b l e  have seve re ly  l i m i t e d  t h e i r  
s t u d i e s  i n  terms o f  time and convenience. For i n s t a n c e ,  pep t ide  
d e r i v a t i v e s  are being syn thes i zed  by t e d i o u s  manual methods and 
p e p t i d e  a n a l y s i s  is  l i m i t e d  t o  p r o t e i n s  t ha t  can be i s o l a t e d  i n  
larger amounts. No f a c i l i t i e s  are a v a i l a b l e  for t h e  a n a l y s i s  of 
small amounts of polypept ides .  
requested i n  t h i s  a p p l i c a t i o n  has  d i r e c t l y  impaired t h e  r e s e a r c h  
e f f o r t s  of t h e  i n v e s t i g a t o r s ,  both i n  their c u r r e n t  r e s e a r c h  

The l a c k  of  t h e  equipment 
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endeavours  and i n  t h e i r  a b i l i t i e s  t o  e n t e r  new areas of research .  

( 3 )  DescCLption &Instrument 
Because of t h e  mul t i -user  n a t u r e  of  t h i s  proposal ,  

i n s t r u m e n t s  were selected, where a p p r o p r i a t e ,  because of t h e i r  
s i m p l i c i t y  of  o p e r a t i o n  and t h e i r  a b i l i t y  t o  be  programmed for 
d i f f e r e n t  opera t ions .  
r e q u i r e d  by d i f f e r e n t  i n v e s t i g a t o r s  can be e a s i l y  set and s to red ,  
t h u s  allowing an  e f f i c i e n t  changeover i n  ope ra t ion  cond i t ions  as  
r e q u i r e d  by any i n v e s t i g a t o r  w i thou t  d i s t u r b i n g  t h e  settings o f  
any o t h e r  u se r .  

The d i f f e r e n t  o p e r a t i n g  parameters  

(I)  PePtide sYnfhesizer (estimated c o s t  $92,800) 

The Beckman pep t ide  s y n t h e s i z e r  is more expensive than  
t h e  s y n t h e s i s e r  d i s t r i b u t e d  by Vega. However, it has t h e  
advantage o f  a l lowing  greater f l e x i b i l i t y  i n  the scale o f  
synthes is .  The scale r e q u i r e d  by t h e  Ind iv idua l  
i n v e s t i g a t o r s  w i l l  range from a few micromoles f o r  t h e  
g e n e r a t i o n  of p o t e n t i a l  
t h e  s y n t h e s i s  o f  enzyme s u b s t r a t e s  and i n h i b i t o r s .  

a n t i g e n s  t o  about 10-20 mmoles for 

The Model 990B allows t h e  ope ra to r  t o  program a large 
v a r i e t y  o f  p o t e n t i a l  s y n t h e t i c  strategies. 
accomplished by a magnet ic  coupled stirrer, as opposed t o  
t h e  f80°C tumbling a c t i o n  o f  t h e  Vega instrument .  
a l l o w s  a sav ings  i n  s o l v e n t s  and reduces  t h e  loss of r e s in ,  
e s p e c i a l l y  w i t h  small scale syntheses .  The a b i l i t y  t o  use  
more concent ra ted  s o l u t i o n s  and still e f f e c t  e f f i c i e n t  
mixing i n c r e a s e s  t h e  y i e l d  as t h e  coupl ing  s t e p s  are 
concen t r a t ed  dependent, and a l s o  reduces  t h e  gene ra t ion  o f  
s i d e  products.  The Beckman s y n t h e s i z e r  con ta ins  one 
r e a c t i o n  v e s s e l ,  two mixing v e s s e l s ,  and can d e l i v e r  
combinat ions of  up t o  n ine  d i f f e r e n t  r e a g e n t s  and two 
coupl ing  reagents .  
capac i ty )  f o r  large scale s y n t h e t i c  work will be requi red  
for t h e  l a r g e r  syntheses .  

Mixing Is 

T h i s  

A p r e p a r a t i v e  r e a c t i o n  v e s s e l  (20g r e s i n  

aeausncer (estimated c o s t  (li) P r o t e i n  - P e D U  
$108,000) 

The Applied Biosystems model 470A gas-phase p r o t e i n  
sequencer a u t o m a t i c a l l y  performs Edman degrada t ion  of  p r o t e i n s  
and pep t ides  and conver t s  t h e  products  t o  s tab le  PTH amino acid 
d e r i v a t i v e s ,  which are c o l l e c t e d  i n  v i a l s  for subsequent HPLC 
a n a l y s i s .  

I10 1 b 3 5 b 

A gas phase sequencer  is necessary because of t h e  high 
s e n s i t i v i t y  r equ i r ed  f o r  t h e  sequencing of p r o t e i n s  and pep t ides  
i s o l a t e d  from gels. 
sequencing w i t h  larger amounts of pro te in .  

The h igh  s e n s i t i v i t y  also allows extended 

3 



(iii) u g h  Performance Liaui.d Gl2-m urd& 
(estimated c o s t  $63,070) 

An HPLC system is  r e q u i r e d  for t h e  i d e n t i f i c a t i o n  of P T H  
amino acids,  and t h e  s e p e r a t i o n  and p u r i f i c a i o n  of p r o t e i n s  
and pep t ides .  

The Beckman 346 system is a g rad ien t  system t h a t  i nc ludes  a 
scanning W-VIS d e t e c t o r .  
t h i s  is more v e r s a t i l e  t h a n  single pump systems,  such as t h e  
Varian, and a l l o w s  t h e  s e p a r a t i o n  of pumps for  isocrat ic  
e l u t i o n s .  The Beckman system is similar t o  t h e  Waters 
system, and is comparable I n  price.  There does no t  seem t o  
be any obvious advantages o r  disadvantages between t h e  
Beckman and Waters systems. 

A modular system was chosen as 

An HPLC au tosample r  and a data sys t em are r e q u i r e d  f o r  t h e  
unat tended i d e n t i f i c a i t i o n  of PTH amino acids. 
column d e r i v a t i z a t i o n  system, c o n s i s t i n g  of pumps and a 
f l u o r o m e t e r ,  and a column heater are r e q u i r e d  for amino a c i d  
ana lyses .  

A pos t  
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The equipment and f a c i l i t i e s  f o r  p r o t e i n  s y n t h e s i s  and a n a l y s i s  
reques ted  i n  t h i s  proposa l  w i l l  be used t o  fur ther  t h e  research 
o b j e c t i v e s  of t h e  p a r t i c i p a t i n g  i n v e s t i g a t o r s .  I n  gene ra l ,  t h e  
o b j e c t i v e s  o f  t h e  group focus  on unders tanding  fundamental mechanisms 
involved i n  t h e  d u p l i c a t i o n ,  maintenance, r e p a i r  and r ecogn i t ion  of 
DNA, and s t u d i e s  on key enzymes a c t i v e  i n  metabolism of n u c l e i c  a c i d s  
and t h e i r  p recursors .  
either c u r r e n t l y  employ molecular  c lon ing  methodology o r  w i l l  involve  
these approaches i n  t h e  immediate fu tu re .  Several  of t he  
i n v e s t i g a t i o n s ,  s p e c i f i c a l l y  those  concerning DNA r e p a i r  enzymes, 
me ta l lo th ione in ,  and t h e  enzymat ic  machinery o f  DNA r e p l i c a t i o n ,  have 
reached t h e  stage a t  which c h a r a c t e r i z a t i o n  of p r o t e i n  products  becomes 
impera t ive .  S ince  i t  is cr i t ical  t o  e s t a b l i s h  t h a t  t h e  gene products  
i s o l a t e d  by c l o n i n g  t echn iques  are i d e n t i c a l  t o  those which p a r t i c i p a t e  
i n  t h e  s y s t e m s  under s tudy ,  i t  Is necessary  t o  compare t h e  sequences o f  
c loned products  ( a v a i l a b l e  i n  s u b s t a n t i a l  q u a n t i t i e s )  wi th  those of 
n a t u r a l l y  occur r ing  gene products  (which are usua l ly  present  i n  
extremely low amounts). 
p r o t e i n  is  c e n t r a l  t o  these s t u d i e s ,  and t h e  needed in s t rumen ta t ion  is 
p a r t  of t h i s  reques t .  

Most i n v e s t i g a t i o n s  underway w i t h i n  t h e  group 

The c a p a c i t y  t o  sequence s m a l l  amounts o f  

The s y n t h e s i s  of def ined  pep t ides  w i l l  be r equ i r ed  i n  s e v e r a l  
p ro j ec t s .  These i n c l u d e  t h e  i n v e s t i g a t i o n s  on t h e  mechanism of a c t i o n  
of me ta l lopep t idases ,  fo r  which model s u b s t r a t e s  w i l l  be synthesized;  
s t u d i e s  on the immune response  t o  p a r a s i t i c  i n f e c t i o n s ,  i n  which model 
pep t ide  an t igens  w i l l  be r equ i r ed ;  and s t u d i e s  on t h e  d e t o x i f i c a t i o n  
and seques t e r ing  o f  heavy metals, i n  which p r e d i c t i o n s  concerning t h e  
modes of metal b ind ing  by s p e c i f i c  p r o t e i n s  need t o  be explored. The 
p o s s i b i l i t y  of s y n t h e s i z i n g  pep t ide  ana logs  which may mimic s p e c i f i c  
DNA-protein i n t e r a c t i o n s  i s  i n  t h e  more d i s t a n t  f u t u r e ,  but  we expect 
t h a t  s t u d i e s  o f  t h i s  t ype  w i l l  be  forthcoming. Both t h e  p repa ra t ion  o f  
p r o t e i n s  f o r  mic rosca le  sequencing and t h e  s y n t h e s i s  of  def ined  
pep t ides  w i l l  r e q u i r e  s o p h i s t i c a t e d  f r a c t i o n a t i o n  c a p a b i l i t y ,  f o r  which 
a s t a t e -o f - the  a r t  HPLC system is requi red .  

The research i n t e r e s t  and c o n t r i b u t i o n s  of  t h i s  group w i l l  
e x e r t  Impact i n  t h e  unders tanding  energy-related f a c t o r s  on 
b i o l o g i c a l  systems. The s t u d i e s  concerning gene product structure and 
func t ion ,  r e g u l a t i o n  o f  gene express ion ,  r e p l i c a t i o n  and repair  o f  
genes and fundamental  a s p e c t s  of  ce l l  t r ans fo rma t ion  are s p e c i f i e d  in 
ca tagory  5 of  DOE s u p p o r t i v e  areas. 
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( 6 )  Major Accomplishments i n  l a s t  f i v e  years .  

a. DOE supported a c t i v i t y  

Grossman : 

Cloned and c h a r a c t e r i z e d  W r  A , B , C ,  and D genes 
e s s e n t i a l  f o r  E. c o l i  DNA r e p a i r ;  demonstrated through 
c a t a l y t i c  and biochemical  evidence t h e  i n t e r a c t i o n  of 
these gene products  i n  t h e  repair of  u l t r a v i o l e t  ir- 
r a d i a t i o n  induced damages i n  DNA; through g e n e t i c  
t r a n s f e c t i o n  exper iments  showed t h a t  c o l i  repair genes 
can complement human g e n e t i c  defects for DNA repair  i n  
c u l t u r e s  of  cel ls  from Xeroderma pigmentosum; 
completely sequenced W r  A and C genes. 
Wr  B gene pr imary sequence and X-ray c rys t a l log raphy  of 
Wr A are i n  progress .  
impor tan t  t o  energy effect on b io log ica l  sys tems,  
i nc lud ing  man. 

Determinat ion o f  

These s t u d i e s  are fundamental ly  

b. Supported by o t h e r  s o u r c e s  

C o l l i m  

Success fu l ly  c loned a gene for E. c o l i  
d ihydrooro tase ,  a z i n c  con ta in ing  metal loamidase which 
is  impor tan t  i n  py r imid ine  b iosyn the t i c  pathway. With 
appropr i a t e  vec to r /hos t ,  milligram q u a n t i t y  of t h i s  
enzyme i n  a c t i v e  form has been obtained. T h i s  success  
has  a l lowed e x t e n s i v e  s tudy  of t h e  c a t a l y t i c  mechanism 
of  d ihydrooro tase  by means of p r o t e i n  sequence 
mod i f i ca t ion ,  s t eady  s t a t e  k i n e t i c s ,  i s o t o p i c  e f f e c t s ,  
as w e l l  as o t h e r  phys i ca l  c h a r a c t e r i z a t i o n  inc lud ing  
proton and t3C NMR, EPR. magenet ic  c i r c u l a r  dichroism 
and X-ray c rys t a l log raphy .  

Gearhart ;  

Determined that  heavy and l i g h t  cha ins  of  Ig G and 
Ig A an thod ies  underwent f requent  mutat ions,  i n  c o n t r a s t  
t o  Ig  M which mutated r a r e l y  and, proposed a model f o r  
immunoglobulin v a r i a b l e  gene d i v e r s i t y ;  undertook 
d e t a i l e d  DNA sequence a n a l y s i s  f lanking  t h e s e  genes and 
i d e n t i f i e d  t h a t  f r equen t  changes during ontogeny are 
l o c a l i z e d  i n  a small region.  
t o  detect s i g n a l s  and mechinery t h a t  r e g u l a t e  t h i s  
developmental  process.  

Lymphocytes are being used 
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By recombinat ion i n  v i t r o  and by s i t e  s p e c i f i c  
mutagenes is ,  created a r e p e r t o i r e  of  mutants  f o r  t h e  
coding sequence o f  me ta l lo th ione in ,  a t r a n s i t i o n  metal 
b inding  pro te in .  
i n t o  h igh  expres s ion  v e c t o r s  w i t h  t h e  purpose of  
o b t a i n i n g  a large q u a n t i t y  of mutated p r o t e i n s  f o r  
s t r uc t u r e -  f unc t  i o n  study. 

The mutated sequences have been cloned 

Other accomplishments i nc lude  i n d u c t i o n  and 
e s t ab l i shmen t  of a c o l l e c t i o n  o f  metal r e s i s t a n t  CHO 
mutants ,  many o f  which show either t r a n s p o r t  a l t e r a t i o n  
or a m p l i f i c a t i o n  o f  me ta l lo th ione in  genes. 
s u c c e s s f u l l y  prepared me ta l lo th ione in  an t ibody and used 
it i n  h i s tochemica l  l o c a l i z a t i o n  of m e t a l l o t h o i n e i n  i n  
d i f f e r e n t i a t e d  ce l l s  and i n  i d e n t i f i c a t i o n  of i n  vivo 
and i n  v i t r o  me ta l lo th ione in  gene products.  

Also 

I s o l a t e d  and e s t a b l i s h e d  mutants  of Chinese hamster 
ovary cells which are either d e f e c t i v e  i n  
mannosylphorsphoryl do l i cho l  s y n t h e s i s  o r  shown r e s i s t a n c e  
t o  tunicamycin.  These mutants  a l lowed s t u d i e s  i n  two 
p a r t s :  
d o l i c h o l  w i t h  altered mannose 6 phosphate r e c e p t o r  and t o  
understand p r o t e i n  g lycosyla t ion .  

t h e  former t o  c o r r e l a t e  mannosylphorsphoryl 

With concer ted  e f f o r t s  on the s tudy  of  phage DNA 
r e p l i c a t i o n  and i t s  r egu la t ion ,  a series of  p r o t e i n  
f a c t o r s  which are involved i n  t h e  i n i t i a t i o n  s t e p  has  
been i d e n t i f i e d  and characterized. Two X -coded 
i n i t i a t o r  p r o t e i n s ,  have been s t u d i e d  i n  de t a i l ,  
through c lon ing  the i r  genes. 
o t h e r  e s s e n t i a l  r e p l i c a t i o n  p r o t e i n s  and DNA is being 
f u r t h e r  s t u d  I ed. 

Thei r  i n t e r a c t i o n  w i t h  

While earlier accomplishments c e n t e r  around t h e  
s tudy  o f  E. c o l i  guanine-xanthine phosphoribosyl  
t r a n s f e r a s e ,  more r ecen t  achievements i n c l u d e  t h e  c loning  
o f  genes  f o r :  

(a) Herpes type  1 and 2 and Eps te in  - Barr v i r a l  

(b) a n t i g e n s  for a p a r a s i t e  pC mitis which 

(c) human folypolyglutamate syn the ta se  ( i n  

p r o t e i n s .  

causes  dog h e a r t  worm. 

c o l l a b o r a t i o n  wi th  B. Shane) 
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Scocca: 

I d e n t i f i e d  t h e  sequence e s s e n t i a l  i n  gonococcal 
t r ans fo rma t ion ;  r e f i n e d  DNA r e c o g n i t i o n  e v e n t s  i n  
Hemophilus t r a n s f o r m a t i o n ;  obtained evidence f o r  t h e  
e x i s t e n c e  o f  r e c e p t o r  p r o t e i n s  which act i n  these 
specific r e c o g n i t i o n  e v e n t s ;  c h a r a c t e r i z e d  a 
bacter iophage of H. i n f l u e n z a e  w i t h  respect t o  its 
cohesive t e r m i n i  and its s i t e  of i n t e g r a t i o n ,  and are 
c u r r e n t l y  s tudy ing  t h e  mechanism of si te-specific 
recombinat ion by use of molecu la r  c loning techniques.  

Research a c t i v i t i e s  of t h e  u s e r s  desc r ibed  below are grouped i n t o  
t h r e e  parts: 

a. extended d e s c r i p t i o n  of work i n  users' l a b o r a t o r y ;  
b. brieff  s t a t emen t  of a d d i t i o n a l  major u s e r s  and 
c. a list of r e p r e s e n t a t i v e  p r o j e c t s  by the  p re  and 

p o s t d o c t o r a l  f e l l o w s  t h a t  w i l l  be b e n e f i t e d  by t h e  
instrument .  
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a. Urn De Collins 

DIBYDROOROTASE: CATALYSIS AND INHIBITION 

Dl hy d r  oor o t am ( Lt-5 , 6-di 4gdroorota t e 8931 d o hy d r 01 as e, E. C. 3 . 5.2 . 3 ) 1 a 
an enzyme in t h e  b iosyn the t i c  pathway of t h e  pyr imidines  which c y c l i z e s  1- 
carbamyl-L-aspartate t o  f orm G!,6dihydroorota ta We have undertaken a 
sya tema t i c  program t o  determine the c a t a l y t i c  mechanism of a c t i o n  of the 
J?. c a  8nd hamster Udncy enzymes, and t o  develop e f f ec t ive  mechanism-based 
inhibitors for them; these Inhibitma m a y  be useful 88 8 n t l - p r o l i f e r a t l v e  
drugs Dihydroorotase is 80 eapsclally 8ppmllng object of study for a t  
l east  t W 0  F U a s O M :  

1. Being 8 a h g h  8ub8tr8k OCLzyme~ Productivs erutyme-substrate 
oamplcxss can be s tud ied  by tho techniQW described below. 
true of the other ea.rboXyWRtida88-t~pe metallo-unidasea] 

pyrlaldinss, dlhgrdroarotase and t he  subsequent dehydrogenase are the only 
two w h i c h  have non-phosphorylated s u b a t r a t e a  
lnhibltors t h a t  YO develop have a good chance of penetrating mammalian 
cells. 

[This l a  no t  

2. Of a l l  the enzyraes in the b iosyn the t i c  pathways for tbs purines and 

Thua any mechanism-based 

We have purified milligram q u a n t i t i e s  of t h e  
it t o  be a dlmerio enzyme of aubuni t  HW 41,000 containing I atom of t i gh t ly  
bound Zn (If) per subuni t  (Uashabaugh and Collins, 1984). 
ahown that the so lu t fona  containing the enzyme must be free of trace 
contaminants (Veahabaugh and Col l ins ,  1983). Thia Is an important enzyme 
about  which very l i t t l e  Is knowa hlthough the and hamster lddney 
enzymes huve d i f f e r e n t  s t ruc tu res ,  prel iminary tvfdencc sugges t s  that they 
have s i m l l a r  c a t a l y t i c  mechanism& 
a m i n i m u m  molecular weight of 1.1kb Ve have n o w  cloned a l.7kb DNA 
fragment into the high copy number vec to r  pE16,  w h i c h  I s  p m  containing 
thc limo& u*@u of r v y 1 f x i ~ I c a  u d  8 tapufaLW0 8eaaldV8 lamods re~rss~or 
gene (CI-857); when the tempar8ture is h l i s c d  from 30* t o  42'' the plasmid 
makes BW copies of itaelf. 
p ro te in  as dibydroocotam In one Uter oulture=:, and we are now preparing 
for large acale production of the enzyme. The a Wr c gene is being 
sequenced by Lennent 0. Lundberg I n  Sweden andb the x-ray atruoturs of tbe 
enzyme wlll be determ2md by David Ran8 of Wayne S t a t e  University. 

enzyme and shown 

We bave ala0 

The gem for E. o o l l  dihydroorotaae has 

We have k e n  gcttfng 2% of the  soluble 

Ue are using or aoon will be us$- the following techniques t o  deternsne 
the meohanism of action of di@droarotascl (the experiments dsawibed below 
will I n i t a l l y  tm done on the B- CU enzpe). 

a. To prove t h a t  the overproduced enzyme 18 i d e n t i c a l  Sn s t r u c t u r e  t o  t he  
% i l d  type" that we have already puri f ied ,  ut w i l l  characterlze peptidc maps 
of both enzymes by HPLC and sequence any peptides t h a t  appear t c  differ 
between the preparations. 
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& 
active s i te  by examining Proton exchange w i t b  the solvent from substrate 
analogues in the presencs of the enzyme. 

We w i l l  also obtpin f W C t f O o a l  avidonce far a general acld-baae a t  the 

k me rate lfmftfng s t ep  of the r e a c t i o n  w i l l  be determfm by ateady 
state kinetics using so lven t  isotope effects and by using f l u o r i m t &  8U& 
strate analogues. 

f. The metal Ion's r010 AB the  oatalpt ic  mechanism, i t 8  protein l i gands ,  and 
i t s  geometric r e l a t i o n s h i p  t o  the s u b a t r a t e  w i l l  be determined by 
8 u b s t i t u t i n g  paramagnoUc CO (11) 8nd Wn (11) for the  aCtlv8 site Za (If), 
and then examining the s u b s t r a t e  OT s u b s t i t u t e d  enzyme by 'B and 
magnetic resonance, e l e c t r o n  paramagnetic resonance, magnetic oircular 
dlchrol8m, and v i s i b l e  electronic 8 p W t r O 8 C O P y -  
done in aa l labora t ion  w i t h  II W d v a n  of the School of Hsdicine. 

nuclear 

Much of t h i s  work w i l l  be 

g. The above information will be used as a guide t o  develop mechanism-based 
i n h i b i t o r s  of this enzyme. 

fn addition t o  the above work on dihydroorotase ,  we are I n t e r e s t e d  in 
developing inhibitors for the rechaniatically related raetal-dependent carboxy- 
peptidases, and an automated syn thes i ze r  would be P great h e l p  in m W a g  
these peptide derivati~err. 

l c s m  t o  sn mino ~ l d  uiwli'tsr, h jrwtc in  s3que.utcr,  an& ar. RI'LC unit 
(for m p t i d e  sapamtion) i s  cbsssntid for the cormpietion of US work ~t 
presen t  there is  only one E K C  ult av8llable t o  tbe department a8 a wbole, 
and it is difficult to obtain time on It. Our mino ac id  analyse13 and 
sequenator runa are present ly  dSrJb on antiquated inst ruments  5 milts away in 
the laborat- of Dennis Powera 
t h e m  machlnes and long delays are commoa 
enormously t o  have mailable w i t h i n  thls department the  amino acid  analyzer 
(EFLC), aequenatm, .ab synthesizer wbich are requested ib this appllcation, 

It Is very d i f f i c u l t  to  obtain t i n e  on 
It would facilitate our work 

Uasbabaugh, W.W. anb Collins, K i m  D., DlbOrdroorotasc frun CQ& 
Purification and Characterization. 3. Blol. Cham. a 3293-3298 (1984). 

Yaahabaugh, KW. and Collins, K i m  D., Purification of Aqueous Ethylene 
Glycol, Ilnalyt. Blochem. 139 144-152 (1983). 
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b, Patrich 3. Gearhart 
Rearrangement of Antibody Vrri8ble Genes During Ontogeny 

He&mlsns that oontrol the developmental expression ot genes An Q 

rultigeno tamsly are not uad.rstood 
t o  determine it then 3s a devOlOpa.nt8l ardor to  the rearrangement o t  
antibody variable e n e a  
for antibody heavy and lleht ohrina 
Uvcr, tho gene8 for eavy ohlins rearrange In mld-g88t8tio~, pbd tbe ge-8 
for Uat &.fa8 re& i n  1.t. g8atatlo& 

transformed w i t h  Abel80n r irua 
chain mom each tranaformed cell l i m  have been clobtd i n t o  v i ra l  vectora 
for nucleotide sequencing, 
eel1 line8 have rearranged the 4am(l germline gent, Thla f inding Oi a b i a s  
towards the expreaaion of one @ne during early development 5s incred ib le  
aince one houa  that there are several hundred other variable ge~elr that  are 
not aslected. Because tu8 particular gene is not srpreased l a  the adult  
DOUZMS, It is  suspected that  i t  m a y  be non-hmctlonal because (a) it mag not 
be translated by the cell, or (b) 1% may contain an amlno acid subst i tut ion 
that may not allow it to joln with a lI@t ohatn to form an antibody 
rolecula It u i t l  k neaasar7 t o  asquence the heavy chain protein because 
botb parental chromoaoa~ea contain rearranged heavy chain genes, aad it i s  
not knwn whiob one l a  being tramlatea 
rearranged heavy gene all i lea,  but only o m  allale is  axpressed by the 
cell. Tae-oiwL, VI wo-dd U.kf tu &equaaJi t u i  prckeir Co d~tcr-mfns the 
putative nob-functionrJ. e m  58 king translated. If it 38, the beavy c h d n  
can be 18olated to aoa I f  I t  c r a ~  pair w i t h  a llgbt chaiD to form an 
immun~ojnalin moleeulc 

Oas ob t h o  goah of my laboratory i r s  

There aro =vemZ hundred variable gsnea that d e  
In pr*B lymphoqbs  from m u r i n s  fetal 

We b v o  r8de pro-8 -11 lIm8 f r o m  artrins rstal lirur ubi& have &en 
The rearranged variable genes for tbe beam 

There l a  evidence that  aeven out of e ight  f8ta 

B lymphocytes commonly contain two 

A protoin ssquermtoc would be mud t o  aequeace the immunoglobulin beavy 
chains that are rado bg pre-B C O l l 8  t o  determine w h i c h  rearranged genes 
produce pvotda ft I s  sxpcted that one milligram of protein can be 
purified from the rsultaa n u l d  of three m i c a  that have been iqjacted with 
pre-B cella The amino-terminal bsQu4nce up t o  residue 30 would oonfira 
w h i c h  gene was being translated I have had extensive experience In 
asquencing intibody protelrm i n  Dr. Leroy Rood's laboratory (Gearhart, P.J., 
Johnson, X., Douglas, R., and Bood, L. 1981. IgG ant ibodlea  t o  
phosphorylcholine exh ib i t  more divers i ty  than their  IgH counterparts. 
Eature 291, 29-34). 
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C .  

The int i t i& stages in the repair of damaged ky W, or other agents 
causing large distortional perturbations in $BA, are controlled 
ui~inked Esheric=hia Cali genes8 the uyr& w and s gems, 
These three genes have been cloned, mapped, amplified when linked to o&r 
promoters and their respecLiw gene products isolated in m i l l i g r a m  
quantities as homogeneous proteins. Ime w r A  protein is the lar t with a 
molecular weight of 117,000 W h i c h  In the presence a€ ATP and My' binds to 
damaged INA and releasing P and ADP. 'Ihe lydrolysis of is accanpanid 
by a large conformationdl dm in the UPTA protein. Ibe binding of M e  
=A protein is fur&r aabilized ky the u v r ~  protein, w h i c b  has M 80,000 
molecular weight, 'Ihese two pottins neither separatdy nor in canbfrrati~n 
are sufficient to catalyze incisi~lr otf darnamged THA, but require the 
preseme af the u v r ~  protein 61~62,000)~ These three proteins amprise a 
w r F 3 3 c  complex w h i c h  in the presence of RlT specifically leads to two breaks 
in w damaged LNA hydrolyzing 7 nucleotid?s 5' and 3-1 nucleotides 3' t o  
the same Windud pyrimidine dimer a-5). 

Fram DNA binding data the wr proteins do not turnover after the 
incision reaction, nor is there ary  
in vitro system w h i c h  is limiting and devoid of necessary proteins for the 
canplete repair reactioh %is praved to be the case in which the ger#! 
product of (helicase 11), LNA polymerase I (DolA gene) under 
polymerizing conditioas and polynucleotide ligase uis gene) are l i m i t i n g  in 
the reaction and are required t o  carry out the anplete repair processes of 
incision, excision, resysnthesis and ligation in a coordinated manner as 
part of a protein amplex we refer to as a 'rqirosane" (6). 

roles for each of the uvr proteins, their structure and to correlate their 
structures with their functionality. To approach this problem each of the 
y~ genes is being sequenced, their most likely amino acid sequences 
debmined and their probable seamdaq StNChual determinations predicted 
u first d~oxLnatiuns fx tt-e imdcrr r b f  E;tmlcrtural ~ . ~ X X I : L  I+W c;r12 
protein has been crystaUized, and in oollaboratim w i t h  Dr. & btman of 
the Department of Biophysics in the school of M e d i c h e  more detailed 
structural relationships are being sought. 

genes and frcan the pedicted amino acid sequence and fran protein prediction 
models determine those likely structural domains w h i c h  should be m o d i f i e d  
for functionality assays Ihe m A  protein is an M'Pase, binds t o  damamged 
INA and provides sites for uvrb wd w r C  potein binding as w e l l  as tizing 
required for catalysis. Tbe CmLB protein stablizes the u m A  pot& binding 
to HUA d is required for catalysis, whereas tbe uvrC protein initiates 
catalysis of the imisim eulent. 

the gene and plan to mplete the primary structure analysis of the 

each of the uvr proteins we are in  the process uf proteolyzing each one of 
the proteins w i t h  both em- and spcific erdopptidases t o  identify both 
active and imctive polypeptide fra-nts for functional analyses. 

fragment released suggesting an 

one of the major reseach goals for the laboratory is to investigate the 

The general research strategy irmoltles each ad them 

We have messfully SesJUenoed the S gene, a l e  fully seguenced 

gene. ~n acoardanoe with the identification of structural domains in 
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  no wing the sequence Of the genes those regions encoding potentia:\- 
active sites will be mutagenized at specific sites. The rnutagenizd gekr' 
w i l l  be amplified and the mutant proteins tested for their u n i p  
activit ies  The actual sequences of the mutant proteins must be verifih! 
through the isolation of those active peptide regions for complete amino 
acid quence analysis It is this aspect of wr research as well as the 
proteolysis experiments w h i c h  can best be accomplished with an amino acid 
sequenator. such an instrment will also be needed t o  ibt i fy  sites of 
modification, the effects of inhibitors and Crosslinks w i t h  both other W r  
proteins, but w i t h  damaged DNA 6s w e U .  m u s e  we anticipate that there 
w i l l  be l i m i t e d  quantities of sane cd the proteolytic fragments a gas 

Although the stoichimetric relationship between each of the UVK 
proteins is dose to univ it  is not clear what the nature and level 
ob these proteins are in  a ooraplicated macranolecular structure, For this 
reason this canplex structure w i l l  be examined & physical m e a n s  using 
labeled proteins, crosslinking agents, MF andlogs and specific antibodies 
for determining w h i c h  of the uvr proteins are exposed to antibody and 
which are masked when in canplexed structure 

we plan t o  use a reversible crosslinking agent which  can be cleaved 
after Me isolation of a crosslinked c~rmplex so that the identity of a 
canplex CM be ascertained not only by its molecular weight but also by that 

its ccarponents. lhis approach has been useful in the analysis of other 
complex structures, including r ibosaes  Secondly w e  plan to exploit ow 
current anti- technology to purify crosslinked complexes into various 
classes depenht upon their containing one common protein. It is our pl.qn 
to synthesize the antigens for monc~lonal and p l y c l ~ n d l  antibady produn.fon 
so that antibodies can be prepared against specific kinds  of regions of wch 
of the wr Foteins. It is for this reason tha t  a peptide synthesizer w i l l  
be invaluable for synthesizing oligopeptides of defined sequence for use in . 
antigenicity studies. 

sepemtor will be ne& for sane of the experimsts, 
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d .  P.C. HUIU'C 

GENES FOR HETAL BINDING PROT'HXS 

Reavy metals damage DNA 88 well 88 render enzymes i n a c t i v e  w err* 

Ylth  
prone. 
which 8 cell  maintains  It8 genetic i n t e g r i t y  aga ins t  heavy m e t a l a  
gene t i c  and recombinant DNA techniques, we are undertaking four projects: 

O u r  long term g o d  l a  t o  understand cellular defense mtchanislpa w i t h  

A. Inductive response t o  t r a n s i t i o n  metal8 - llontoxia l e v e l s  of s i n e  
and cadmium induce the 8yntbdsls of epecific protoins,  auch a8 
metallothionein,  which have 8 high a f f i n i t y  t o  these meta ls  
tami ly  of genes whose 8Xpr833lOn is responsive t o  induct ion by the atresa of 
these metah? 
prepare cDHA by revcrae transcription 
resulting c D N h  

IE them a 

Direct aequsncu analyals ai these 
Poly A plu~-mRNA from Induced ra t  liver cell was ussd  to 

and their pUktlVe mrku productrr are baing do= 

B. Organization and exprosalon af tb8 metallothionein g ~ m s  - 
It I s  ubfquitaua i n  p l an t s  and animals. 

Wetallothionein Is 8 metal binding protein, conslat ing of 61 amino acids, of 
w h i c h  oxm third Is cysteine. 
func t ion  may inVol?e metal detoxification, t ransport ,  storage and 
bomeostasia 
have evolved through endoduplication of a basic stretcb of DNA, followed by 
mutations and i a m r t i o n  of introns and regulatory sequences and tha t  they 
undergo amplification under a t r e s a  
d i f f e r e n t  genomes and metal r e s i s t a n t  mutants are being compared for  their 
s t r u c t u r e  and expression w i t h  immuno and chemical assaya 
a l ready  been wade in t h i s  laboratory In the i d e n t i f i c a t i o n  of specific 
genomic DNA fragments, resulting from r e a t r i c t i o n  enzyme diges t ion ,  uhicb 
conta in  the metal lothionein genes. 
genes in rat  genome and as they map be d i s t a n t l y  l inked,  our c u r r e n t  work 
involves a shotgun approach t o  randomly aequence the subclone of one 8.1 Rb 
fragment from rat genome by the standard dideoxynucleotide synthes izer  
technique. The l i m i t a t i o n  of this approach is time consuming; only 250-300 
nucleo t ides  can be determined a t  a t i m e .  
spnthtsiztr, we plan t o  s t reamline t h e  procedure by aequence walldng using 
+&e last  tvadablc st rc tah  of D8A a8 a tqvrtbctio prime?* and exteudinq 918 
reading downstream, 
udapted t o  other metallothionein lsogene abd paeudogene sequence analylrea 
The syn the t i c  ollgoauclcotide8 w i l l  al80 acme as probes In tbo detection 6f 
control and coding sequenoes related t o  the metallothioneln Bene& 

I t a  

Our 8 . h  I s  t o  teat  the b p o t h 8 8 l s  t h a t  metallothionein gsma 

Wetal lothiont in  gene seqeuc4s from 

Progress has 

As there are two maJor meta l lo th ione in  

U f t h  an ol igoauoleot ids  

This I s  t h e m e t i c a l l y  feasfble and cBn be readhy 

C. Site-ajmciflc mutagenesis of metel lothionela  -- &a 8 protein,  eaob 
molecule of a t t a l l o t h i o n e i n  binds seven gram-atoms of transition IB and I I B  
metala It apparently coaaista of two domalns with tbc N-terminal end 
birrding three 8nd the C-teraisml four r a t a l a  All matal lothionein thus far 
i d e n t f i i e d  lack8 aromatic amino acids and contains  20 c y s t e i n e s  In t b e  b a m e  
positions. Our study is  designed t o  address the queatlon whether there ia 
an evolutionary cons t r a in t  wch t h a t  it requires a high degree of 
conservation i n  the amino acid aequenct. We have i so l a t ed  a repertoire of 
ai te-specif ic  mutants with speCific codons in the metal lothionein coding 
sequence replaced. Each of thebe mutants has been cloned and DNA sequence 
determined. 
i n  single or m u l t i p l e  (up t o  six) amino acids, i n  s u b s t i t u t i o n  of polar t o  
nonpolar residuals, in replacing nonaromatic amino acids by aromatic ones 

Of the  264 mutants characterized t o  date, they p r o j e c t  changes 
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and in amino acid replacementa confined t o  domain 1 and/or 2. 
extend t h e  size of this mutant  l i b r a r y  t o  i n c l u d e  elirnlnation or raplacement 
or apacific cys te ines  and other alterations,  whlch w i l l  i n c l u d e  
recombinational mutants constructed w i t h  a ai@U or mul t ip l e  exon 3squen-S 
BY i n s e r t i n g  these coding sequences i n  s u i t a b l e  expression vec tor /bos ta ,  we 
s h a l l  kr i n  U ~ ~ Q U S  poa i t ion  t o  s t u d y  t h e  func t ion  and propertlea of 
ne ta l lo th ione in .  

We plan to 

TWO expression vector  crystems are being used far t h i s  purpose: a) 1 
modified t r y p  promoter and b) a modif ied  lambda promoter coupled with a 
temperature bensitive represior.  
me ta l lo th ione in  gene product equiva len t  to  about  1% of the total  s o l u b l e  
p r o t e i n  of the host, E. coli. The l e v e l  of synthes is  is a u f f i c l e n t  for 
r o u t i n e  assay8 of 2 ml cultures by radioimmuno reagents, by radioactive 
m e t a l  binding and by p a s s  polarography. 
2.5 t o  50 ng of meta l lo th ione la  
iatsrast, however, will be produced by bcaliag up t o  as aucb aa 120 litera, 
ii needed, in our departmental fermentor, for the intended NHR study which 
will require 10-20 ag of this p r o t e i n  pur i f ied  t o  homogeneity. 
p r o t e i n / p p t i d e  aequsncer a8 Urucial  88 it w i l l  facil i tate analysis of tbe 
mutated metal lothionein,  asu~rtalning the  precise changes predicted from t he  
M 3 A  q u o n e e  data. 

The la t ter  has yielded cloned 

Each of t h e w  assays requires onlp 
A large quan t i ty  of mutant gene product ot 

Here the 

A Evolut ion af metal lothionein gene sequence8 -0 meta l lo th ione in ,  8 
protein which binds t r a n s i t i o n  metals is found ubiquitously among m a m m a l a  
Fish and lower ver t eb ra t e s  also con ta in  metal binding protein,  related but  
d i i f e r e n t  from mammalian me ta l lo th ione in  
eomparlng t b e i r  genic organizat ional  d i f fe rences  as well as s i m i l a r i t y  in 
thsir products. 
these p r o t e i n  species ahould a i d  our studies I n  e luc ida t ing  the structure- 
func t ion  r e l a t i o n s h i p  during the evolu t ion  of t h i s  gene family. 
instance, if the cloned single domain can be demonstrated t o  be func t iona l  
for metal binding, i t  would be reasonable t o  chemically aynthesize 
polypept ides ,  the sequences of uhich  are so modified, that t h e  aff ia i ty  r w  
specl f lc  metals 58 increased or decreaaed. St ruc tu ra l  a l t e r a t i o n s ,  
raplacing n o n a r m a t i c  for  aromatic, n o b p o l a r  for polar, are examples w h i c h  
would emplenent. tkr, a?Xwts rtmribed vhovu using m'1CattL' CDNA SI rnilsrly,  
aynthstlc begmertts of the metal lothionein sequence will be useful in 
learning whether an t igerdc i ty  of this pro te in  i s  1ocalAzed. 
peptides will be used to  elicit antibody and t o  t es t  wbich segment will 
compete fm the lib/& reac t ive  sites. The q u a n t i t a t i v e  aspect of these 
approaches I s  king studled. 
detornlnants and for metal binding are j u s t  t u 0  maJw m a s  upon which we 
Intend t o  focus  our a t t e n t i o n  

Ye are in t he  process of 

Synthet ic  polypeptides designed t o  m i m i c  common features of 

For 

Synthetic 

The sequence specificity for antlbody 

A 8  8 r a t k r  of scheduling, it should be noted t h a t  the need for amino 

Scquenccr i a  
a d d  oomposition aaalysls capacity is imminent; several p u r i f i e d  na t ive  
-tal binding pro te ins  from f i s h  are wai t ing  t o  be analyzed. 
dss l red  i n  approximately s i x  months. 
aome of t he  fish proteins  and t h e  mammalian metal lothioneins  which are being 
used as standards or being cloned and synthesized In E. coli. It is 
envis ioned t h a t  for t h i s  study the peptide synthesizer  will not be a c t l v e l y  
ubed u n t i l  the physico-chemical properties of several mutants are 
determined, which we expect t o  achieve in about one year's t i m e .  

It will be used for the  anlaysla of 
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In short, i n  three out of four projects i n  t h i 8  study, the rmugsted 
instruments will be b n e f i a l a l ~  used The pept ide  ayntheaiter will . id  t b e  
study of QttdlOtb%onein evolutioh The protein/paptide saqwncer w i l l  
needed tor the d e t e r m b a t l o n  of cloned coding sequence gem products OB 8 
routine basia The R K C  systems are essantia t o  the composiMond). rad 8 h e  
.nalyaus of the synthesized 8nd/or native peptides a s  well as in preparative 
Work While these Instruments requested here will be used heavily i n  0- 
8 t U d y ,  we recognize that they will be served more sfficfsntXy on a shared 
baais. 
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within tho last two years our laboratary h w  ostabllsbed two different  
8ohbb a repl lcat lon spstems that w i l l  ultimately enablo tbe e l u a d a -  
t lon  ob tho biochemical went8 thrt oocur In the ini t ia t ion of bidirectional X 

ini t la tor8 t o  oommandeer the bac te r i a  r e p l i c a t i o n  apparatus and direct them 
onzy~aes to  carry out DNA chain init lat ion rcaotiona In one Bystem superooiled 
--like plrsmids, aorryirrg a cloned p h a p  X replication origin, are mpli- 
mtsd in 8 bidirectional fashion from the 1 origin t o  produce daughter S U ~ ~ Z L  
wiled aoleculea 
thorn expected for authentlo X DNA replication. 

replication Both qstems rely on the eapaci- af the lambda o 8nd P 

%'ha properties of the in XUCQ DNA synthesis are precisely 

Zn the other system single-stranded, circular phage H13 or *It174 DNA is 
n p l l c a t e d  t o  8 duplex, wperooirod form, Although t h i s  reaction 18 not de- 
peadent upon the pre-nce of 1 DNA 8equen-8 I n  the single-stranded templab, 
i t s  properties muggest I t  I s  relevant to s t r a n d  ini t ia t ion evsnta  that occw in 
tho ruplioation Oi the phw 1 ohromosome In xkU. The single-atrand rep l i ca -  
Uon mater  bas b e n  tmed to establish p h y s 1 o l o ~ C a l  asaays that have embled 
the purif?,a?2cn of tAo bacterial d m l  and dna.7 r a p l l m t h n  prrtefnt. 
rscond r s p l i a t i o n  reaotion baa r e a n t l p  been reconstituted using egbt highly 
puri f ied  protein fracUo0n o\rr s tud ies  of this system i n d i c a t e  tbat Initfa- 
tlon ob I l q A  qnthosirr bn aiagle-stranded template8 is preceded by a complex, 
ATP-depeabbnt atop b w h i c h  the & SQU daaB pro te in  18 tramfarred onto the 
ss&oaated mA Urrwgb In tUrcUons  w i t h  the v i r a l  0 and P protein in i t iators  
and the kCrtsri8.l darJ and dnalt proWna 'Lbe primosomc-like complex contaib- 
ing tihe dn8E protein acmes 88 8 ~ o c u 8  for  primer synthesis and subasqusnt DNA 
&an elongation 

3tudies of them repllcatdon spstems, together with atudios of 
Individual purified proteins, bore l e d  t o  the identlflcatioa of ~umerou8 speci- 
f l o  protdb.protein interactions requlred for t h e  in i t iat ion of X DNA repl lce-  
tlon Yo have found that the X P protein forms a apeclflc complex with the 
host dna3 protain, and In  80 doing diaplace:, t h e  bacterial dnaC protein from a 
UnaE-dnaC proteln carapler, The bound P prote in  suppresses all of the known 
enz)laatic ac t iv i t i e s  of the  dnaB prote in ,  including i t s  ATPase, priming, and 
pepllcation activitiea. 

mis 

We have also demonstrated that each of the v i r a l  
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% ~ l t l a t W 8  appareDt17 i n t e r a o t a  W i t h  t b  .QQl& dmlt pl"otei& 9 U b 8 ~ d  me 
capacity of emcb prote in  t o  noduhte the ATPase a c t i v i t y  of the bactsrlal 
protein, Prellmiaary blochemioal evidence for interaotions between the X 0 
and p protefna has also been obtahed. 
the phage 0 protein binds W 8 C l f i o r l l y  t o  a aeries ol tandem repeating uequsw 
cea preaent a t  the 1 replication Origin 8nd arranges t he  origLn DNA i n t o  a 
D p e d f i C  globular nucleoprotein btructura 
we have also 8 C C U m U h t e d  evidence. that t h e  1 0 Init iator p ro te in  I s  divided 
i n t o  two s t r u c t u r a l  domains: 8LI amino-terminal domain t h a t  spsclf ioal ly  inter- 
8 C t 8  w i t h  the 1 replication origin and a carboxg1-termid domoin t h a t  2s 
involved in apecif i o  protein-protein inter8ctions Structural studies of tbe 
pro te ins  required for 
in aloning the essential r e p l i o r t i o n  gene8 and in rraplitllng the iatracdllular 
levels ob thew germ pmducta 
eassntial protei= am bo roadilJ ~'epar(bd 

curren t ly  awing into a oritleal md difficult phase. An underatanding of t h i s  
wmplei procmss a t  the ro1euuh.r level deporrds on s tudies  of Bang protein- 
prote in  urd proteia=DRA interactions, several of w h i c h  m 4  be transient i n  
aaturb Because m a n y  of the Protein8 involved have no as80dated enzymatic 
a c t i v i t i e s  that can be followed to  monitor 8 U c h  l n t e rac t lons ,  It I s  clear that 
we will ueed to  employ aophistlcated, state-of-the-art, biochemical technology 
t o  effectively carry o u t  t h i s  study- 
specific s tud ie s  our laboratory v u 1  perfor. that are highly dependent on the 
requested inatrunentation. 

Hweavtr, ue  and otbera  have found that 

Via proteo ly t ic  digestion s t u d i e s ,  

DNA replication have been grea t ly  aided ow b U C C b 8 8  

Wultlplm m i l l i g r a m  quantities of each of the 

ortr a tudies  of the mechmiam of I rdt l8t ion of % DfiA replication m 

Delineated below art selected examples of 

I n i t l ~ l y ,  we will focus our e f f o r t s  on studlea t o  elucidate the nature of 
the In te rac t ions  between the normdl w i l d  type veraions of the r e p l i c a t i o n  
p o t e l n a  Later mutant re ra lona  of these protein8 w U 1  be used to  pinpoint 
particular s t ruo tu ra l  features that IFO esbcatial for the ateraot ioa  I n t e r -  
actlorw between P protdn and dnaB protein, 0 psotein and P protein, P protein 
m d  dnaX protein, and betwean 0 WOteln .ad dnaK protein will all be examined. 
Reversible bifunctiorml prote in  WOa8liaking a g e n t s  w U l  be used to probe for 
s u f c . a  wn4%ict r q l c t l s  f.n n u l a u s  p o t e l b - g u t t i r .  comphxea. The -it;, bcii 
maiduea modiiied on each pdlypeptlds will be ident i f ied by digestfag t h e  
cross-linked complex w i t b  pmtea888 (generally trypaln) and aubeequeatly is01 8- 
ti- and characterizing the m a d i f l e d  peptfdeu fbis type of analyais will 
require the routine use of HKC instrumsnt.tlon for i s o l a t i o n  and ideatiflcra- 
t ion of the rodlfiOd peptides, .d W e 1 1  88 th8 Ubc O f  8 protdn 88qwnator tor, 
unequivocal i d e n t i f i c a t i o n  of the modified residue(a). Perhaps it should be 
noted that primary amino a d d  sequences are known for a l l  of the r ep l i ca t ion  
protehb that we w i l l  be iZIVe8Ugatiag. 
uralysis of the proteins and of peots in  lnteractiona. 

'Phi8 W i l l  tdgnif$cahtly crid 8 t F U C t W a l  
. 

Subsequent atudlss will u t i l i z e  8table proteolytic fragment8 derived from 
the r ep l i ca t ion  p r O t t f M  t o  further delineate the nature of any observed inter- 
actions,  Thi8 approach ahould S i m P l i O  t h e  Interpretation or complex lnterac- 
t l o n  pat tern8 and w i l l  be ebpeclally useful for  those proteins, l i k e  0 protein 
.od dnaB protein,  which appear t o  have multiple f u n c t i o n 8  located on indepen- 
dent domains. Each replication pro te in  w i l l  be digested w i t h  various protease8 
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Once tbe general nature of a particular protein-protein interaction or a 
specific protein-DNA interactdon 5s idcntlf ied by tbeae and related studies, we 
w i l l  focua our afforts at defining t h e  precis8 nature Of the interaction One 
approach that should be fruitful is t o  chemically m o d i *  or replace spedfic 
amino acid or nucleotide residues that are suspected of playing a crucial pole 
in the in te rac t ion  (using the aforementioned s tud ie s  as a guide) and then t o  
measure changes i n  the physical and enzymatic propert ies  of the Interactson 
caused by the alteration. In the case of the P Protein, a large number. of 
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m u t a n t  p r o t e i n s  tha t  have rltemd intetraCtiOU6 wi th  tbe bacterial dg& and/or 
dnaK p r o t e i n s  are ava i l ab le  for such studiea Houever, bemum of the 
r e l a t i v e  ea- by w h i c h  S P e U i C  nuc leo t ide  8nd amino a d d  a l t e r a t i o n s  a n  
made us ing  modern recombimnt DNA technalogy, OW gemral approach t o  thc3e 
s t u d i e s  w i l l  be t o  chernicdlf 8nd enzymat ica l ly  construct  speciiia 
a l t e r a t i o n s  in critical reghL3 Of theae r e p l i c a t i o n  p r O b 1 ~  or their DNA 
m a s t  sites. 
w i l l  l a i t i a l l y  be cloned into the.alngls-strurdcd cbromowme of phage H13, 
Next, a complernentarp primer DNA fragment, about  15 t o  20 baas pairs In 
length and containing t he  desired nuc leo t ide  change fb i t s  center,  i s  
chemically synthealzed. The primer l a  annealed t o  the hybrid Hl3 chromosome 
8nd thia DNA IS converted t o  the duplex torr through the 8 o t i a  ob DNA 
polymemw I (Klenow fhgmeat) and DNA limb., The duplaLDlU produot is 
transformed i n t o  E. nali and p h w  progeny carrying the modified aequenca 
are isolated. W t h i 8 t 8 l Y ~  the modified sequsnce w f l l  be enzymatSailTj 
i n s e r t e d  Into an 8 m p l i f l a t l o n  rector t o  repl8ce the wild type aequenm 
Large quantit lss  of the mutant p r o t e i n  or DNA w i l l  then be isolated for use 
io biochemical s tud lea  of the bteraction 

The nucleotide aequence coding for the region of interest 

Finally, It I s  an t i c ipa t ed  t ha t  the peptide rrgntbet~irer w i l l  be useful ror 
this i n v e s t i g a t i o n  
8 protsin that is involved in 8 particular macromoleoular interaction, we 
i n t e n d  t o  el icit  spedfla 8~ltlbodies directed agaibst this region. Baving an 
arsenal of specif i o  antibodie8 tha t  block various macromolecular Interactions 
should both augment and complement the s t u d i e s  w i t b  site-specific ~ u t a t i o w  
described above. The antlbodfem may be uaed I n  pairs or three-way combinat ions 
In the analysls  of the complex m u l t l - s t e p  pathways involved I n  the i n i t i a t f o n  
of DNA synthesis, Our approach u i l l  be to  chetmicall~ ayntbesizs o l i g o p e p t i d e s  
(generally containing 8 t o  20 amino acid residues... ideat ica l  t o  tb8 wild type 
sequence in the region of interest) that  aan be linked t o  carrler p r o t e i n s  and 
injected I n t o  r a b b i t s  
c i t e d  by such ol igopept ides  of ten  recognize .Dd bind t o  tbe nat ive  p r o t e i n  aa 
well. S u f f i c i e n t  q u a n t i t i e s  cli the ollgopcrptlde t o r  imnrraization can r e a d i l y  
(and r e l a t i v e l y  cheaply) be prepared by tbe peptida 8yntBss;lzer. 

Once some gene ra l  idea Is obtained about the region(a) of 

Lernsr and coworker8 have found that antlbodlea eli- 

.- 
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f .  Barry Shane 

REGULATION OF FOLATE AND ONE CARBON METABOLISH 

For the last few fears, 8 major i n t e r e s t  of my laboratory has been Qe 

enzymology and regulation of one *carbon metabolism. Polatedependent  reac- 
tions are involved In t h e  biosynthesis of thymldylate, purlnea, aethiome, 
and a p o i n e ,  and in t h e  metabolism of serine, formate, and h is t id ine .  Ue have 
shown that the phyaIo1ogic.l suba t ra tes  for these react ions are pOly@PkBy1 
tolate derivat ives ,  . ~ b  that these torma of the vitamin are prsterantirlly 
retained by t l s s u e a  U e  are ourrantly btudying the meuhanibr by w h i o h  rema- 
ation of f o l a t e  poly@utamate formation In bacteria and mammalian tissues 
controls one carbon metabolism. Because of the r o l e  of folates in tbpnldylato 
and purine biosynthesis, folate ur tagonis ts  have found uldespread uae w 
chemotherapeutic agents. The studies on tbe regulation of f o l a t e  metabolism 
are 
r i m  
for 

being extended t o  cultured normal and tumorigenic mammalian cells wl th  t h e  
of deslgnlng antagonists t ha t  w i l l  potent ia te  differenues in requirements 
products of one oarbon metabolism between these cella 

The major emphasis of our s tudies  has been on the enzymology of folyi- 
polyglutamate synthesis. The enzyme folylpolyglutamate synthetase bas been 
pur i f ied  t o  horo8eneit~ from Lactabacillus Easei. Corvnebaoterium and hog 
l i v e r  and the subs t ra te  specificities and ltinetio properties of the enzymes 
have been characterlzed. The protein has been shown to 
p03Sc.73 djb&&Dl&% qm?SOtcmi  tmtiVit,T m.l ,lpp?J:lFS tf b L 3 * ~ l f u a c t Z ~ , r + i l  

protein. Polylpoly@utamte s y ~ t h e t a s e  is eonsidered a promising target 
enzyme fo r  anticancer and antimicrobial  chemotherapy. Ln addition, some 
a n t w o l a t e  agents only exe r t  their eytotoxia e f f O C t 8  when retaboldzed t o  
polyglutamate forma 
Inhibi tors  of the enzyme. 

Ye are currently synthesizing a variety of potential 

A detalled physloal ~ srec trr i z8 t lon  of folylpolyglutamate synthetase bas 
bean prcaluded by the small anmtb  of protein t h a t  arc obtained after i t8  

purif icat ion.  For example, about 50 ug of the bog l i v e r  enzyme is obtained 
from one kilogram of ti8sue and the puri t ied  protein is unstable, 
t h i s  problem, we have isolated the L a  folylpolyglutamate synthetase gene 
and have cloned It i n t o  a high expression plasmid. Bacteria transformed wlth 

this plasmid overproduce the enzyme which has allowed us to  obtain large 
quantfties of t h e  purified Protein. 

To overcome 

S t u d i e s  have a l so  been initiated, An 

1 0 f b 3 1 4  
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me procredures uo U 8 0  for the Wthoai8 of the folate polyglutamate 
~ u b s t r a t e s  used in aar 8 t U d i 8 8  U W  very tedious and Urns corwuming, 

polypeptide d e r i v 8 t i v e s  are f ~ y n t h e d h e d  by the Merrff ie ld  aolid phase method, 
b u t  a l l  operatioas are camled out manually. 
t o  synthes ize  modified folate de r ivaUvea  with modified glutamate r e s i d u e s  or 
w i t h  o t h e r  amino .aid s u b s t l t u t l o n s  t o  a s seas  t h e  parts of the molecule which 
a r e  involved in binding t o  the enzyme. Because of the t i m e  and effort t h a t  is 
required t o  synthes ize  these compounds, w e  have only been able t o  synthes ize  
mono- and d ig lu tamate  analogs. 
would g r e a t l y  s i m p l i i p  these syntheses and would make p r a c t i c a l  the  s y n t h e s i s  
of analogs of longer chain l ength  folylpolyglutamates.  Ye would also require 
a pept ide 8ynthes izer  for the synthesis of a f f i n i t y  l a b e l s  for fo ly lpoly-  
glutamate syn the ta se  and for the 8pthes i8  Of pept ides  t o  produce an t ibod ie s  
t o  specific regions of the protoin. 

mme 

Wo have also used this procedure 

The use of an automated pept ide synthesizer 

A f f i n i t y  labels will be wed to r ap  the s u b s t r a t e  binding sites of t o l y l -  
polyglutamate synthetase and dihgdrofolafa synthetase, and residues Involved 
in s u b s t r a t e  binding and catalysib vi11 be 8Odifi+b wltb chemical agents. 
These 8 t u b i e s  will require the ube of a pept ide sequenator for the i d e n t i -  
f ication of t h e  amino a o i b  Involved. 
w i l l  a lso m a k e  possiblo studies OD the Ia.B.maUan fo ly lpolyglu tana te  ayrathetase 
w h i c h  is presen t ly  8 ~ 8 l l r b l 8  only In ~orogram quantitlea. 
method we have developed far the ptrrlfhatlorr of the bog l i v e r  should also be 
a p p l i c a b l e  for the purification of Small amounts of t h e  human enzyme. 
a v a i l a b i l i t y  of a sequencer will allow u t o  determine t h e  amino a c i d  sequence 
of d i f f e r e n t  reg ions  of the human protein,  thus  allowing US to prepare DNA 
probes t o  aid in our s tud ie s  on the cloning of t he  human gene. 

The a v a i l a b l l i t p  of a r ic rosequenator  

Ue expeot tbe  

The 

I O f b 3 1 5  
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(2)  Other mor Ussrs (dl members of B i o c h a n i s ~  Department) 

1, Orego- Wlman/lssociate Rofessor 

Heed mwacer t o  determine the oloned foreign gene produota 

2, Sharon S. Kr.g/bMMi8to Professor 

Glyoosylatlon ob a u b l e  and membrane 8~8Ooiabd protelna %a 
aulturod oukaryotla o e l l m .  

Reed synthealzer to make peptides of specific aequeacee as reagenta 
for irnmundogy and 88 substrate for enzymatic reaotloa 

Heed aeqoanata. to determine sequences of proteins being studied. 

3. John Saocca/Asso&ate Professor 

1. Sexually trmsmltted dlseaaes 
2. DRA interaction in bacterial tranaforrnation. 

Ileed ~equenatoc to examine DNA binding protein on membrane for 
transfonnati on, 

I O l b 3 1 b  
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fellma: 

Alfano, C. 

Anderson, R 

Bowar, A 

Brawn, D. 

Caron, P. 

Cismowakl, W. 

Claussen, L. 

Cook, 3. 

Criscuolo, 8, 

Dicbtein, R. 

Dinman, 3. 

Goodman, S 

Rauscr, H, 

H u h ,  1. 

Lebowitz, J. 

Liberman,  II. 

Liu, s 

H a z u r ,  s. 

Morris, S 

Rotsin-protein iKlteraCtiOll3 involved an h%tIaUon of DNA 
re p l  I cation 
piah metal binding proteins: electrocbemical and affinity 
proper t ies  

Cloning and characterization of human fo3~1pol~glutamate  
q n t h e t a s e  genes 

Cloning and expression of a dlhydroarotaae gene 

Mechanfsm of the 8ynergiatic 8ctions af' uvrA,B,C and D 

Mutated 8 0 ~ l O t h ~ 0 ~ 0 i n  gono product goasrated for BKR 

Structural  8nalyaia of w r A , B , C  protein8 

Speolfialty cb 8Ub8tr8te binding ate of folylpolyglotamate 
aynthetme 

Purffication and oharacterizatlon of a potential regulatory 
enzyme in the l ip id - l inked  Gpoosylation pathway 

6 t U d i 0 8  

Expresston of E. coli DRA repair protein in XP cell 

The role of promoter and oodlng rae~wnce In metallothionein 
gene inducibi l i ty  

Saquenoe characterlzatlon of membrane associated DNA binding 
pPoteln frola Gonococcus Structure and funct ion of mobile 
prep- Mlmplexes Involved i n  DRA replication 

Ea4BEO~US DNA binding p.oteln8 uwodated u l t b  membraner 
phydcrrl m d  bf03OQIml poprtles  

Expfession ob m B , C  fia B. coli  i n  XP aellcr 

Heohanlsms of DUA strand lnftlatlolr d u r a  bacteriophage, 
lambda 8nd L e DBA mpl iat ion 

Hypermutability oi the variable regiom of Ammunoglobulin 
heavy &.in 

Expression of Orowl  metallothionein gene In a high 
d f i d e n c y  expr8saXon rectcw u t l l i z i a g  lambda PL promoter 
and C I 8 n  t s  repreasor 

Thermodynamic oharactcrhatlon of u r r 4 B , C  cnzymatlc 
mechanlan 

Amplification and evolution of me tallothionei n gene 
8 O q W D C e 8  
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OvHsli8, A ~ ~ s c r i p t l o n a l  control of metallothionein genes in QIo 
BUtMta 

Oh, C. Ropertfes of urrA,B,C DNA repair 8y8tsa 

Pine, R Site 8pcciffc 8nd recombinational mutations in v i t r o  I n  
metallothiomin coding ~ q u e n c c s  

Roberts, 3. Cloning and characttrkation of the lambda 0 protein, 8 
protein esa8nti. l  for the Initiation of vira l  DNA replieation 

Stoll ,  J. Isolation of mutant8 of Chinese hamster ovary -11s lacking 
ol igo aaacharide- pro t eln transf era844 8ativity 

I O l b 3 1 8  
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Laboratory of: 

Collins, K O e  

Gearhart, Po* 

Grossman, Lo* 

Huang, P.C.* 

bag, s. 

HcHacken, R. 

Hilman, G. 

Scocca, J .  

Shans, Bo* 

E s t i m a t e d  Z Usage of t h e  Instruments 

Pro t e i n ay n the size r / seq ue n ce r 

1 0% 

10 

15 

20 

5 

15 

5 

5 

t 5  

Total 100% usage 
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While s i x  major u s e r s  j o ined  t o  submit  t h i s  a p p l i c a t i o n ,  
three a d d i t i o n a l  members i n  t h e  department  w i l l  also b e n e f i t  by 
t h e  a v a i l a b i l i t y  o f  t h e  i n s t r u m e n t s  requested.  

The use o f  t h e  p r o t e i n  module c o n s i s t i n g  o f  t h e  pep t ide  
s y n t h e s i z e r ,  sequencer ,  and RPLC w i l l  be reviewed by a s e r v i c e  
commit tee  c o n s i s t i n g  of three members. Barry Shane, K i m  Co l l in s ,  
and P.C. Huang. The o v e r a l l  coo rd ina t ion  of t h e  u s e r s  w i l l  be t h e  
r e s p o s i b i l i t y  of Dr. Huang. Dr. Dennis Powers of  t h e  Biology 
department i s  i n  charge of a p r o t e i n  sequencer on t h e  Homewood 
Campus and is  exper ienced  i n  t h e  use o f  t h i s  equipment. 
be a consu l t an t  t o  t h i s  group. Drs. Shane and C o l l i n s  have 
a l r e a d y  begun work on polypept ide  s y n t h e s i s  us ing  manual 
procedures.  

He w i l l  

Members o f  t h e  u s e r  group have a long s tanding  record of  
co l l abora t ion .  Most members are f a c u l t y  of  t h e  Biochemis t ry  
department  and t h e i r  l a b o r a t o r s  are phys ica l ly  l o c a t e d  on t h e  same 
f l o o r .  The depar tment  o p e r a t e s  on a communal bas i s  s h a r i n g  a31 
i n s t rumen t s ,  which i n c l u d e  a JCMlOOc e l e c t r o n  microscope, u l t r a -  
c e n t r i f u g e s ,  s c i n t i l l a t i o n  coun te r s ,  po lynucleo t ide  s y n t h e s i z e r  
and fermentors .  One f a c u l t y  member is assigned r e s p o n s i b i l i t y  f o r  
t h e  ove r s igh t  o f  each p i e c e  o f  equipment. The department  as a 
whole s h a r e s  a t r a i n i n g  g r a n t  and t h e  f a c u l t y  p a r t i c i p a t e s  as a 
group i n  c o n s u l t a t i o n  work and donates  t h e  fees t o  suppor t  
depar tmenta l  g r a d u a t e  s tuden t s .  
P.C. Huang, Roger McMacken, Gregory Milman, and Patr ic ia  Gearhart) 
c o l l a b o r a t e  i n  a program p ro jec t .  Other c o l l a b o r a t i v e  efforts 
inc lude  t h e  c lon ing  o f  t h e  human fo ly lpo lyg lu tama te  s y n t h e t a s e  
gene (Shane and Milman), t h e  c lon ing  of  t h e  & dihydrooro tase  
gene (Co l l in s  and McMacken), and sequencing the  HPlC1 phage genome 
(Scocca and Huang). Thus, t h e  s h a r i n g  of informat ion ,  techniques,  
and i n s t r u m e n t a t i o n  i s  w e l l  e s t a b l i s h e d  among t h e  members of  t h e  
proposed user  group. 

Five members (Lawrence Grossman, 

The c o n s u l t a n t ,  Dr. Powers is not  only a co l l eague  o f  good 
s t and ing ,  but is  a l s o  a c o l l a b o r a t o r .  Drs. Powers and Huang are 
j o i n t l y  r e spons ib l e  f o r  a course  on "Nucleic Acid and P r o t e i n  
Sequencing" which was t a u g h t  f o r  f o u r  summers. Dr. Powers helped 
Dr. C o l l i n s  i n  t h e  a n a l y s i s  o f  p r o t e i n  samples. A cont inuous 
suppor t  by D r .  Powers can be expected. (see le t te r  attached) 

The equipment w i l l  be housed i n  a small l a b o r a t o r y  (approx. 
200 sq. ft.) i n  t h e  Biochemis t ry  department. S e r v i c e  
i n v e s t i g a t o r s  w i l l  have use  o f  t h e  modules as requ i r ed  but  w i l l  
in form t h e  commit tee  (see above) before  using t h e  machines. I n  
cases of  heavy usage of  the modules, time w i l l  be apport ioned 
e q u a l l y  between t h e  d i f f e r e n t  i n v e s t i g a t o r s  by t h e  committee. 
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The modules w i l l  be opera ted  by a full-time t echn ica l  
a s s i s t a n t  who w i l l  be assisted by r e p r e s e n t a t i v e s  of whichever 
l a b o r a t o r y  is  us ing  t h e  equipement. The t e c h n i c i a n  w i l l  be p a i d  
20% each by t h e  p r i n c i p a l  i n v e s t i g a t o r  (P.C. Huang) B. Shane and 
L. Grossman. The remainder  of t he  t echn ic i an ' s  s a l a r y  p l u s  
s u p p l i e s  and maintenance c o s t s ,  i n c l u d i n g  s e r v i c e  c o n t r a c t s  after 
the  first yea r ,  w i l l  be apport ioned between t h e  use r  group, 
depending on usage, These c o s t s  w i l l  be assessed by t h e  committee. 

We e n v i s i o n  t h a t  some of the  maintenance c o s t  w i l l  be covered 
i n  t h e  core component o f  a depar tmenta l  program f o r  which f i v e  of 
t h e  u s e r  group a l r e a d y  se rve  as i n v e s t i g a t o r s .  

The major p o r t i o n  of  c o s t  sha r ing  w i l l  be placed is t h e  catagory 
of f a c u l t y  s a l a r y ,  for which none i s  reques t ed  i n  t h i s  appl ica t ion .  

The estimated usab le  l i f e  span o f  t h e  r eques t ed  in s t rumen t s  i n  t e n  
y e a r s ,  assuming r i g o r o u s  maintenance and replacement  f o r  wear and tear. 

(see attached pages marked: 
a. From Chairman 
b. From Consul tan t )  
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a. From Chairman 

THE JOHNS HOPKINS LJNI VERSITY 
SCHOOL OF H Y G I E N E  A N D  PUBLIC H E A L T H  

615 N o r t h  Wol fe  Stree t  
Bal t imore ,  Marvland 2120.5, U . S . A .  

DEPARTMENT OF BIOCHEMISTRY 
(301) 958-36 71 

DOE University Research Instrumentation Program 
Energy Programs and Support Division 
U.S. Department of Energy 
Oak Ridge Operations 
P.O. Box E 
Oak Ridge, Tennessee 37831 

To Whom It May Concern: 

I'm writing to certify the administrative support of a grant proposal 
t o  you for Instumentation as part of a community Macromolecular Structure 
Laboratory for the Johns Hopkins Unversity School of Hygiene and 'Public 
Health. This facility will contain an already obtained DNA synthesizer and 
an amino acid analyzer system. It is the purpose of this grant request to 
supply the gas phase protein sequenator and a peptide synthesizer to 
complete the major equipment needs of such facility. Although there are some 
components available in the University their primary mission is in support 
of the work of others and we have been informed that only a limited amount 
of time on their machines could be made available to us. 

The Department of Biochemistry will provide the space, maintenance, 
insurance and technical expertise to scientifically maintain this facility. 
It will be administered by Ms. Elsie Entwisle the departmental administrator, 
who has had a great deal of such experience in administering to the Fermen- 
tation and Electron Microscope facilities supported by the National Science 
Foundation. Procedures have, therefore, been established for inventory 
controls, routine maintenance procedures and for following the strict 
organizational policies of the department and the school. 

and Chairman 
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%% JOHNS HOPKINS UNIVERSITY 
b. From Consu 

BALTIMORE, MARYLAND 21218 

ARTMfh? OF BIOLOGY 

February 1 0 ,  1984  

Professor P.C. Huang 
.Department of Biochemistry 
School of Hygiene and P u b l i c  Health 
The Johns Hopkins Medical I n s t i t u t i o n s  

Dear P . C . :  

I am happy to learn t h a t  your department p l a n s  t o  
e s tab l i sh  a prote in  sequencing f a c i l i t y .  Such a facility 
i s  needed in your department and I would be happy to provide 
any expertise that  you xiay f i n d  u s e f u l .  

I wish you t h e  best 

Chairman, Biology Department 
Director, McCollum-Pratt Institute 
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( 7 )  Estimated cost and b u d g e t  

Request from DOE 

Applied Biosysterns Gas- 
Phase P r o t e i n  Sequencer 
( 470-A 

Beckman Pept ide  Syn- 
t h e s i z e r  Model 990 
(350709 1 

P r e p a r a t i v e  r e a c t i o n  
v e s s e l  k i t  (350673) 

108,000 

89,600 

3,200 

Beckman 346 HPLC b inary  sys t em 
wi th  Model 165 d e t e c t o r  23,100 

Model 450 Data System 15,900 

Second channel f o r  d a t a  
system and 128k RAM 1 ,750 

Serial communications and 
software f o r  above system 1,750 

Autosampler - Model 504 9,750 

Post column d e r i v a t i z a t i o n  
u n i t  9,000 

Column temperature  con- 
t r o l l e r  1,820 

Sub to ta l  

108,000 

92,800 

63,070 

I n s  t i t u t  i o  n a l  
( source)  

I n s t a l l a t i o n  

Operat ion and Maintenance (on annual $ 7,800 
b a s i s  wi th  expected increase of  10% 20,000 
ove r  a f i v e  year  pe r iod )  (Research g r a n t s )  
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8. Faculty Resumes 

Publications, (representative, selected) 
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-_- PRINCIPAL lNVESTlGATORIPAOGRAM DIRECTOR. - 
BIOGRAPHICAL SKETCH 

Give the following information for key p*ofesrional personnel listed on p w  2. beginning with the 
Principal InvertigatorProgram Director. Qhotocopy this page tor each person. 

BIRTHDATE WO., Day, Yr-1 TITLE NAME 

Na t iona 1 Ta iwan U n i v e r s i t y  
V i r g i n i a  Tech . 
Ohio S t a t e  Univ. 

I P r o f e s s o r  I P,C. Huang 
EDUCATION (Begin wifh bbccdaurean or ofhhcr inifid professional rducrtion and include posfdocforal training) 

INSTITUTION AND LOCATION DEGREE lcirclc FIELD OF STUDY 

BOSS 1953 . G e n e t i c s  
M , S  1956 G e n e t i c s  
Ph.D.  1960 G e n e t  ics/Biochem 

BIOGRAPHICAL SKETCH 

Principal Investigator - P.C. Huang, Ph.D. 

Dr.  Huang i s  Professor of Biochemistry and a preceptor  i n  the  Bopkins 
Human Genetics Program. 
organizat ion and expresslop 
Taiwan Univ. (B.S.), V i r g i n i a  Tech. (H.S . ) ,  O h i o  S ta te  (Ph.D.) and Caltech 
(PDF) in Genetics and Biochemistry, he a t tended  the NATO Yinter School for 
DNA sequencing i n  1969 and spent a year (1972) of Sabbatical leave studying 
In Dr. Fred Sanger'8 laboratory a t  Cambridge. 
persistently contrfbuted through pub l i ca t ions  I n  t h e  area of nucleic acids  
and p ro te ins  research for the past 20 yearn 
HcHacken i n  Molecular Biology and h i s  cur ren t  research, supported mainly by 
NIH and NSF, emplays recombinant DNA asthodology. 
the o v e r a l l  operation of the requested instruments .  

His maJw research i n t e r e s t  l ies I n  gene 
I n  add i t ion  t o  h i s  formal training a t  Rat iona l  

He ha8 continuously and 

He teaches a course with Roger 

He w i l l  be i n  charge of 

Assisting Dr. Hung will be Dr. Barry Shane, .Assodate Professor of 
Biochemistry. 
mechanism and protein c h e m i s ~ .  
J. George H a r l a r  Awards, as well 83 an hcDA awardee, Dr. mane h m  been a 
productive lnveatigator. 
be greatly a ided  by t he  instrumen-ta Feque8ted. 
experience i n  pept ide  synthes is  technique9 ahd In .nrr l r t lc  methodologies 
i n c l u d i n g  HPLC 

A31 major users a m  e8t.blinh.d i1~.at l4ptara,  active i n  rtasarch 
supported by grant8 and O s a e n U i l l y  al l  the proJected u- af tbe requested 
equipment u i l l  be In mpport of fund& -arch mojecta 

Dr. Dane 18 trained ps a himhemiat ,  pa r t i cu la r ly  In enzyme 
A reoent r e c i p i e n t  of the Mead Johnson and 

Rfs maearch is ~ l p p o r t e d  by BIB g r a n t s  and w i l l  
Dr, Sbane has extensive 

See attached for indlridizul' bfugrapbiadl skctches'armmgsd I n  
a l p h a b e t i c a l  order. 

1 0 7 b 3 8 b  
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_ -  -------___ - PRINCIPAL INVESTIGATOR IPROCRAU DIRECTOH. -. 
BIOGRAPHICAL SKETCH 

Give the following information for key Proftrrionrl personnel listed WI page 2. b i n n i n g  with the 
Princiwl InvcstigatorProgrrm Director. photocopy this page for each perron. 

NAME TITLE BIRTHDATE W O . ,  VI.) 

DEGREE (circk 
h w r  INSTITUTION AND LOCATION 

L 

l I t L D  OF STuoy YEAR 
CONFERRED. 

HIT, Cambridgs, Hassachusetts 
Stanford Medical School, Stanford, CA 
Harvard University, Cambridge HA 

B. S. 
Ph.D. - 

1 I I 
RESEARCH AND/OR ?ROFESStONAL EXPERIENCE Condudins with p m n t  porltion, lin ir *- * ~ * ~ s ~ r p t ~ y m m t . r ~ i .  
a n ~ .  nd honors. Inclub pmmt nnmbn)r# QI 

tompiete nfwonar to JI plbliot*bm dvriq tho pwt rh. wus and to -in miitin gubliiom gminmt 00 rp9ii-m. DO WT 
EXCEED Two PAGES 

km&d Covwntmnt hrbfic Adviroy Commhtm. Un. h c h r o n d ~  e, ah 

-Erwrienca: 
1976 

1974-19?6 
1973-1 974 

1972-1 973 

Assistant Rt.ofessor - Biochemistry - School of Ryglem & 

Reaearch A8sod8h - Idle W d  S a b d  
Aaalrtant Professor - Biochemistry - B a y l o c  College of 
Wdne 

Researoh Fellow - Blochemistry & Molecular Blolog~ - Aarvard 
University Fel low of The Jane Coffin Child8 H e m o r l a l  Fund 
?or H e d l a a l  Research 

Fellar of The Jane Coff in  Chllds Hernorial Fund for Medical 
Research 

Publio Health - The John8 Hopklns University 

1 97 1 - 1 912 Research Fel law - Chemistry Department - Harvard Urdversity 

BOHORS 
WZT: Phi Lambda Upallon, chemistry Eonor Society 
Stanford: Prsdoctoral Trainee, USWS 
Harvard: PellOW of the J e a S  Cof f in  Child8 h 8 O e i . l  purd fok Medical  Resear& 

( r e p r e s e n t a t i v e ,  selected) 

Uashabaugh, Hlcbael Y. and Cdlllm, Iir 0. Purlficatlon af hmous Btbylene 
Glycol, Aaalyt ic i l  Bioch&W 144-152 (1983)- 

Washabaugh, Mchael Y. 8nd ColUM, Elm D, D l b y d r a o ~ ~  from 
_coli, Rrrfflcation urd ChaMcterfiation, J. Biol. Cbem., a, 3293- 
3298 (1984). 

Blodgett ,  Jam08 It, Collins, K i m  D., and Loudon, 0. -0, Cleavage of 
Peptides at  Aspartyl Side brain Bgd~@a%aSic Add Croups. 
submitted t o  J .  &era Chem. Soc. 



---_ PRINCIPAL lNVFSTlGATO;3/PRC)GHAM DIRECTOR: _ _  - 
I 

BIOGRAPHICAL SKETCH 

c3 
-1 
u- 
W 
a3 
00 

-: ( r e p r e s e n t a t i  ye, selected) 

Gearbart, P.J., JohnSon, HOD,, Douglaa, R. and Rood, Lo 

a m h a r t ,  P.J., and Cebra, J.J. 1981. Moat B Cells that have switched 

Pierce, S.L, Spook, Io.&, Gleason, K., Ge8rhart, P.J., and Kohler, E.* 

Rodwell, J.D., Gearhart, P.J., 8nd Kwush, F. 1983. Bsstrlctlon i n  IgH 

Gearhart, P.J., and BomahaWb RFm 1983. C l U 8 t O r 8  of point mutations are 

Johnson, LD., D o u g l 8 9 ,  RE,  and Gearhart, P.J. 1981. Somatic mutatlon 

1981. IgG a x M b m d * - m  
to phosphorylchollne e x h l b i t  m o r e  diversity that their I g H  counterparts. 
Bature 29J., 29-38. 

8 ~ f 8 0 9  Immunoglobulin f 8 O t n 9 8  generate alone8 of cel la  w h i c h  do not 
wcrete XgH. 3. Irmruool. J22, 1030-1034. 

1981. BALB/c T cell8 have the potential to mcognf.zc the T15 prototype 
ontibody m d  ‘itu rttxrt9.a rartmtrr. ;- Zz?. 1hd. a!‘, 1478-1187. 

arrtlbodiom. 3. twunalt. 1391 313-316. 

found oxclusiroly mud rearr8n8ed .nUW variable goma Pro& btl. 

increama divers i ty  in X@ and IgA but not IgH mtlbodlen 
wTllranop1obulln IdlotppeaD, (C. Janway, E. Sercarz, and E. Ylmell, oh.) 

~ X - O ~ ~ O P  IV. Ufiniw U r p l l S i S  of m n o c l o d  ~tl-phOspbo~l&oli~ 

Aad. Solo dp, 3439-3453. 

a 
p. 293-302. A U d r i O  -88, ROW T~rk. 

I m m u n o l ~ ~  T0d.j 3, 107-1120 
Gearhart, P.J. 1982. G.a6mtIon af lmurreglttulin variable gene diversity. 

Gearhart, P.3. 1982. In %dfotYpa*btigeM Qn the fnside”, (C. Berek, K 

Gearhart, P.J. the effect of aonratic mutation on antibody affinity. 198k 

Gearhart, P.J. The adaptable samatic repertdm 1984. h n  Imraunol,, 

Perlmutter,  R.H., Crtwa, S.T., Douglas, R.,  Sorensea, G., Johnson, N., 

B t l w r ,  W. Julius, eels.) p. t6-26. 

ROT. Academy of SClenc8, I m m P n s  Networks e& Bona and R Kohler, 

Roche, h a l e ,  Slwitzerland. 

171-1760 

(Znat. Pasteur) 137-142. 

Rivera, N., Gearhart, P.J., end Hood L. 1984. The generation of d i v e r s i t y  
in phosphorylcholine-binding antibodies. J ’ ~ V  - IIXlUnol- f i n  7-37 
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Proisssianal- 
1975-pseaent B.V. H o C o l l u m  Professor and Cb.irmarbBioohemSat~-The Job- 

aopldns U)nirorsity, School of Eygiem m b  Publlo Bepl tb  
19w- 1975 Professor, Associate hOfe88W 8nd Aaslstlnt Profe8aar of 

Biochemistry, Brmdeis Unlversl ty, Y a l t h a a ,  HA 
1956-1 957 Sciai&ist-Batiotml Institutes of Heal tb ,  Bethaada, ?ID 
1954-1 956 Postdoctoral Fellow-The Johns Ropklns tlaireral ty, NcCollam 

watt Inst i tute  

Predoctoral Fellow-National Instl tutes of Health 
Postdoctoral Fellow-National Institutes of Health 
Remarcb Career Development Aw ardee-IUatiorml Institutes of 

Camonwealth Fund Fel low 

EQnQrS 
1951 -1 954 
$954-1 956 
t964-1974 

196 4-1 965 
1973-1974 Guggenheim Pollaw 

Health 

w s a m l u u s  y s  

1965-1 968 American Canoer SociaW 
9 973-1 977 Bioch.iniatry Study Section-Bationrl 
1980-1 984 American Cancer Societg 
t980-preaent Argonrrs Rational Laboratory-Biology - 

fost-ltutes of Health 

.nd Wetdlciae=Univarsity 

.. . 



TITLE H U E  

P.C. BUANG Prof tssor 

I I 

RESEARCH AND/OR ?ROfESUONAL EXPERIENCE: Cmncldin# 4th p r r e n t  pdr1H.n. I i W  in d ~ h l c r l  order p4.m oaplope&, bm& 
nm, 
compl.te miormeor t. romnc me*..utt8ciro ~ b l i a t l m s ,  n y r l d l y  h m  noit portimnt k *I8 anl iut i -  Do net r x c o d  2 w w ~ .  

henerr. Include prrrmt w m h k i p  on m y  fdml &.rrmrwnt Public Ad*l8eq C-lWoo. List, io C h ~ b ~ l d  d.r, dn ttrl.. 

1960-63 
1965-69 
19 69-7 6 
1976-Pres. 

Research Fellow - Chemical Biology - Caltech 
Ass i s t an t  Professor  - Biochemistry - The Johns'Hopkias University 
Associate  Professor  - Biochemistry - The Johns Hopkins University 
Professor  - Biochemistry - The Johns Hopkias University 

BiRfHDATE k,Pw,YJ, 

Other Professional Experiences 

Drafted Military S e d c e  1954-1955 
Abstractor,  Chemical Abstract Service, American Chemical Society, 1959-1969 
Vis i t i ng  Lecturer ,  Academia Sinica, National Tsin-Bua a n d  Taiwan Univ, , 1964 Summer 
Lecturer,  MBL, Woods Hole, 1973-76 Summers, Nucleic Acid Chemistry 
Vis i t i ng  Scholar, MRC Lab Molecular Biology, Universi ty  Cambridge, Postgraduate Medical 

Member, Cancer Special Program Advisory C o d t t e e ,  N C I ,  1981-1984. 
School (1972 Sabbat ica l  - Laboratory of Fred Saager) 

- Honors 1948-52 National University Merit Scholar a t  N.T.U. 
U.S. Public Health Postdoctoral  a t  Caltech 
NlH Research Career Development Award 

1961-64 
1966-71 

~ W L I C A T I ~ S  (representative, selected) 
*e Danielson, K.G.**, OM, S. and Buann.P,C. (1982). Inrmunochemicdl 

detection of metallothionein i n  8 p e C l f i C  ep l th8 l l . l  calla R o c  latL A c a d  

Corrlgan, A. and E(L (1982). A basic microcomputer program 
for p lo t t i ng  the secondary s t ructure  of proteins. Computer Program for 
Bimediclna 11, 163-168. 

Sci. USA 1p, 2301-2304. 

.a 

*e Benjamin, R.C. 
(1984). Nucleotide ssqueno4 af cloned 8egments from the chromoaoae of 
haemophilus InflueraaB bacteriophaW HP1 C l  

Tfzjplp ur&Zd't.%; a%gd a$ t%"* on DNA semen t s from bac t eriophagb 
HPlcl w h i a h  i n t e rac t  with the specific DBA recognition system of 
transformable Hasmophilus influenzae Rd. 

Andersen, R o b . @ * ,  Frazier, J.H. and Huann.W (1984). Transition metal 
binding proteins from three Chesapeake Bay fish species. Env. Health 
Prospective ( I n  press). 

, Fitzmaurice,  W.P.', Aurnn, & and Qoooca, J. 3. 

xs 183-1 95. 
**, --and Soocoa, 3.3. 

Gene X, 197-206. 
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NAME 'TITLE 

Krag, Sharon S. Associate Professor 

INSTITUTION AND LOCATION 

SIRTHOATE Wo., Day. Yr./ 

hiphnt &gmd 
DEGREE Icrrclr CONFERRED - r F l E i  OF STUDY I YEAR I 

The Johns Hopkins Univers i ty ,  F a l t o . ,  HD Ph.D. 

B.S. 1 1969 1 Chemistry,Biology I Texas Lutherar! College,  Seguin,  Texas 

1974 Biochemistry 

0 

W 
Q 



I QI 0-1 974 

1 97 4-1 976 

tW7-1982 
1983-praaent 
HEW. 1985 

Aug. 1985 

Htmberahib: 

G m d w k  reaeareh aaalaturt w i t h  Dr, 8.- Ecbols; R e s a d  00 
the meoh.&= e X regulation. 
Poatdootaeal fell- ul th  Dr. Richard Baycs.  Researoh on the 
germtica and biochrraai8try o f  p h g .  X DHA replication a VIYQ. 
PO8tdOCtmrl fellaw with Dr. aCthur Kornberg. Researoh on the  
enzymology af +X174 DNA repl icr t lon In _rfva. 
llsrristaat Profesaos. of Biochemistry, The Jobns Hopkina University 
Associate Profesaar of Bicoheatlatry, The Johns Hopklns University 
Seaslon chairman, Bacteriophaga DNA Replication, American Society 
of Wcrobiology Meeting in La8 Vegas. 
Invited speakers, SympoSium on the Enzymology of DNA Repllcation.  
-teanth fnternational Coweas  of Biochemlstry, Amsterdam, The 
Betherlands. 

Xembar (8d hoc) of USPHS Biaacdical Soiencss Review 0t.oup - 3* 

-: (representative, selected) 
Wold; W. S., Hallory, J. B., Roberts, J. D., LeBowitz, 3. R.s and 

Hcliacken, R (1982) m I n i t l a t l o n  of Bacteriophage X DNA Rcp'Jimtlon 
w i t h  Purified X Replication Proteins". &Y.s Hatl. .As%& .%& 

Roberta, J. D. 8nd MuNackrn, R. (1983) "The Bac te r ioph~ge  X 0 8epl.f- 

HcHacken, R., Mold, H. S., LeBowitz, J. 8.. Roberta, J. D., Nallory,  

79 ,  6176-6180. 

cation PrOt81n: 

J. B., Yllklnson,  J. A. and Loehrleln, C. (1983) m I n l t i a t f o n  of DNA 
Replication In _Vitra Promoted by the BaCtePfOpbage X 0 and P Replica- 
tion Proteins' f n  ,M&umUm mf R U  - - -- 
(Cozzarelli,  I. R,  ad.) pp. 819-848, A. R. L isa ,  New Pork. 

LsBowltz, J,  R and HcHacken, R. (1984) "The Bacteriophage X 0 and P 
Protein Inltl8tor8 Promob the Replication of Single-Stranded DNA% 

Echols, h., Uodaon, M., Batteg, H., Roberts, J. D. and HcHackan, B. 
(1964) .The Role of Specialized Rucleoprotein Structurels In Sj,te- 
Spsciflc R6combinatlon and Xnitiatlon of I)Nh Replicat-icrnK. 

Isolation and Characterization of the Amplified 
f d t h t W m o  Acids h& 11, 7435-7452 

&u&U llcids Bae 12, 3069-3088. . _ . . -  

Cald a SWI), Puant, Biol. fn Preaa- 
39 
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PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR: 

BIOGRAPHICAL SKETCH 
Give the following information for key professional personml listd on p w  2, beginning with the 

Principal Investigator/Program Director. Photocopy this paoc for arch person. 

NAME ITITLE 1 BIRTHDATE Wo., Ow, YrJ 

The johns  Hopkins Universi ty ,  Bal to . ,  HD 
The Johns Hopkins Universi ty ,  Balto. ,  
The Johns Hopkins Univers i ty ,  Bal to . ,  MD 

John J .  Scocca 

B.A. 1961 Biology 
Ph.D. 1966 Blochemistry 
Postdoc 1966-68 Biocheml st r y  

I Associate  Professor  I 
FIELO OF STUDY DEGREE Icimb 

INSTITUTION AND LOCATION 

PUBLICATIOIS: 

Sut r ina ,  S.L. and Scocca, J.J. PaemODhilUS Inf luenzae Periplasmic Pro te in  
Which Binds DNA: P rope r t i e s  and Poss ib l e  P a r t i c i p a t i o n  i n  Genetic 
Transformation. ,L B a c t e r i o L  m: 1021-1027 (1979). 

Mathis, L.S. and Scocca, J.J. Haemop_hilus I n f l u e m  and Ne i s se r i a  
gonorrhoeae Recognize Dif fe ren t  S p e c i f i c i t y  Determinants i n  t h e  DNA 
Uptake S tep  o f  Genetic Transformation. JL Gen. Hlcrobiol.  m:1159-61 
( 1982 1. 

S u t r i n a ,  S.L. and Scocca, J.J. DNA Binding P ro te ins  of FaemoDhilus Influenzae: 
P u r i f i c a t i o n  and Charac te r iza t ion  of  a Major I n t r a c e l l u l a r  Pinding 
Pro te in .  JI Bacter io l ,  =:246-253 (1983). 

F i tzEaur ice ,  W.P. and Scocca, J.J. R e s t r i c t i o n  Map and Location of Mutations 
on t h e  genome of bacteriophage Hplcl  of PaemoDhilus Influenza e Rd. Gene 
a: 29-35 ( 1983 1. 

t 0 1 b 3 9 3  1 
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SHANE, Barry 

--- 
OECREE (circle 
hrghrst degree) INSTITUTION AN0 LOCATION 

Queen Elizabeth College, U n i v e r s i t y  o f  Londol 
Charing Cross Hospital Medical School 

6.Sc. 

University o f  London Ph.D. 

1 Associate Professor 

FIELD OF STUDY 
YEAR 

CONFEHREO 

1966 

1970 Biochemistry 

6 i ochemi s t ry/Ha thema t i c 

I 

1Yl1-1973 

1973-1977 

1977-1 982 

1982-date 

Honours 

Postdoctoral  research biochemist, Department of Biochemistry, University of 
California ,  Berkeley with Dr. Esmond E. Snell. 
Postdoctoral research biochemist, Department of E u t r l t i o n a l  Sciences, 
University of California, Berkeley with Dr. E. L. Robert Stokstad. 
Assistant Professor, Department of Biochemistry, The Johns Hopkins University 
School of Hygiene and Public Health. 
Associate Professor, Department of Biochemistry, me Johns Hopkina University 
School of Eygiene and Public Health. 

1981 

1982 

1984 

J. George Harrar Research Award (Nut r i t ion  Foundation) 

Research Career Development Award (NCI) 

Head Johnson Award (American I n s t i t u t e  of P u t r i t i o n )  

Committees 1984- Nutr i t ion study section (NIB)  

. h b l l c a t i o n s  (representative,  selected)  
DOWAR, AI,., CICEOUIC2, D.J. and SHABE, B. (1983). Pur i f ica t ion  and charac te r iza t ion  of 
fa lylpolyglutamate synthetase fror 
PSaLogy of Pteridines, B l a i r ,  J.A, ed., PP. 627632, de Cruytar, Ber l in  
KMX~AR,  &L. and SBblOE, R (1983). Pur i f i ca t ion  and proper t ies  of Lactobacillus & 
fo ly lpolyglu tana te  synthetase. J. Biol. Chem. 12574-1 2581 

BRODT, T., SHME, B. and STOKSTAD, E.L.R. (1984). F o l i c  ac id .  In: Handbook of t h e  

aassi and hog liver. In: Chemistry and 

V i t a m i n s ,  Hmhlin, LJ., ed., p p  459-496, Marcel Dekker, H e w  York 23- 

SIIIIIE, B. and STOKSTAD, &LR. (1984). Fola tes  in the  synthesis  8nd catabolism of r? 

433-455, Yilay, lDew Tork I-- 

SBIIIE, B. P t e r i n s  snd folates i n  the n u t r i t i o n  of lower organisma. In: Fola t e s  and - 

W 

b i s t i d i n e .  In: Folates 8nd P t e r i n s ,  Blakley, R.L. and Benkorlc, S.J., eds., rol. 1, pp. s3 

0 

Pter ins ,  Blakley, E.L. and Uhi tehead ,  KV., eds., rol. 2, Yi ley ,  H e w  York (in press) 
SRllrTE, E Iden t i f i ca t ion  of folylpolyglutamate chain length by cleavage to and separat ion 
of p-arinobenzoylpolyglutamates. Meth. Enzymol. (in press) 
BOGWAR, A.L. and S W E ,  R Bacterial folylpolyglutamate synthetase - dihydrofolate  
synthetase. Weth. Enzymol. (in press) 

SEANE, B. and STOKSTAD, E-LR. Vitamin B12 - f o l a t e  in te r re la t ionships .  Ann. Rev. Butr ,  
( i n  press) 

- - _-- ---- 
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Harvey Mudd College, Claremont, B.S. 
Harvard U n W ,  Cambridge, MA Ph-D. 
N.I.H. - Dr,' M. Nirenbeng Pos tdoc 

.I962 qhys i ct 
1968 Biophysics 

Biochemistry 



GREGORY 

G. Hilman (1978) RChinese bumster purine nucleoside pbo8pborplase* lp 
538-543 

J. Epstein,  G.S. Gbangas, A. Leyv8, G. Hilman & J. L i t t l e f i e l d  (1979) 'Analysis 
of HGPRT- CRHc human lymphoblast mutants. Sam, a li; 809-820 

G. Milman & H. Henberg (1981) *Eff ic ien t  DNA t ransfec t ion  and rap id  assay tor 
t h y a d i n s  kinase a c t i v i t y  and  viral a n t i g e n i c  d e t t r m i n a n t s ~  a _cell hn, 
161-170 

L. Grossman, H. Rerzberg, 0. Milman, 0;. Yoahtm & 8 .  Goldfarb (1981) 'Approaches 
t o  studying t h e  expression of endOgtrJu8 DNA i n  repair defective human a d 1  
l ines*  rcd. && 912r 1558 

N.B. Dincrs & G. Hilman (1982) *Encapsidation m d  expression of the Berpes 
thymidine ldnasc gene in Polyoma virus" L Vlrol. 691-699 

N.B. Diacas & G. H i r m a z l  (1982) T iab le  polyoma v i r u s  w i t b  four Bam B1 
decanucleot ide linkers inserted a t  t h e  26 minute Binc fI site* 
13tE.L 395-404 

C. F mer, G.S. Hayward, G. Milman & P.S. Leitmm (1982) *Select ive uptake of 
5-( 135 I)iodo-2-deoxycytldine by cells blocbeEically and morphclogicrlly 
transformed w i t h  herpes s u p l c x  virus D N A w  Curr.QlemotheL -Proc. 
% J 2 A L  2t 1074-5 

S.K.  Liu & G. Milman (1983) *Pur i f i ca t ion  and character izat5on of 
guanine-ranthint  pbosphorlbosgltransferase productd bY a high cf f ic lencg  
expression plasmid y t l l y z i n g  a lambda P 
x w t t i v c  r e p x  s s w n  L ?VI  9-7475 

promoter and ~3357 temperature 

A.S. Kaldman & G .  Milman (1983) V u r i f i c a t l o n  and cha rac t e r i za t ion  of herpes 
(type 1) thymidint  kinase produced in & COu by a high efficiency expression 
plamid  u t i l y z i n g  a lambda P promoter and cI857 temperature sensitive 
repressor" L UQL _Chem. 248r -11571-11575 

D.J. Sussman & G. Hilman (1983) wShort-term high ef f ic iency  expression of 
transfected DNAR Mal. && =4:1641-1643. 

A. Waldman b G. Mlman (1983) "Transfer of berepe: thymidine kinase synthesized 
i n  bacterie by 8 high expression plasmid t o  tissue c u l t u r e  cells by protoplast  
fusAonn ~ o l .  Cell. Bioi. 4~1644-1646. 

D. Sussman, A.L. BOgmr, B. Shane & G. Hilman (1984) %xpression of tbe  human 
fo ly lpolpglu tamate  synthetase gene In Chinese hzlcster O v W Y  cell mutants ( A D x  
31) lacklng f olylpoyglutamatt  synthetase activity" 

D. Sussan ,  A.L. Bognar, B. Shane & G .  Hilmzn (1984) In 

(in prepslration) 

au toradiographica l  de t ec t ion  of short-term expression 
f olylpolyglutamzte syn the ta se  gene in Chinese hvPster 

of t h e  t ransfec ted  human 
ov- cell m u t ~ n t s "  (In 

1 O l b 3 9 6  p r e  par a t 1 on ) 
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3 -  - Civil rights  

UA. DE)ARTMENT OF ENERGY 

ASSURANCE OF COMPLIANCE 

N 0 n d k r k . h  fioa in Fcdcrdly Awirtrd Propanu 

(Hereinafter called the “Applikt”)  
(Name of Applicant) 

HEREBY AGREES to comply with Title VI of the Civil R i g h t  Act of 1964 (Pub. L. 88352). 
&&on 16 of the Federal Energy Adminsmtion Act of 1974 (Pub. L. 93-276), Section 401 of 
&e Energy Reorganization ‘Act of 1974 (Pub. L.. 93-438), Title Lx of the Education Amend- 
menta of 1972, s amended, (Pub. L. 92318, Pub. L. 93-568, md Pub. L. 94-482), Section 504 
of the Rehabilitation Act of 1973 (Pub. L. 93-112), the Age Dircrimination Act of 1976 (Pub. L. 
94135). Title VU1 of the Civil R@b Act of 1968 (Pub. L. SO-ZM), the Ikputment of Enerqy 
Organization Act of 1977 (Pub. L. 95-91), and the Energy CollKMhOn and Production Act of 
1976, as amended, (Pub. L. 94-385). In rccordmce with the rbovc kur and regulationr isrued 
purnunt thereto, the Applicant agrees to assure that no person in the United Stater shall, on the 
ground of m e ,  color, national origin, YI, age, or handicap, be excluded from participation in, be 
denied tbt kacfits of, or be otherwbe subjected to discrimination under any program or activity 
ia which the Applicant receives Federal uistance from the Depubnent of Energy. 

Applicability and Period of Obligation 

In the cue 0.  m y  aenrice, financial aid, covered employment, equipment, property, or structure 
pmvided, I d ,  or improved Kith Feded mismnce extended to the Applicant by the Depm- 
m a t  of En-, th i8 asnuance oblqates the Applicant for the period during which Federal ask 
trncc i s  extended. In the case of any transfer of ruch ~ M c e ,  finrnd aid, equipment, propertj. 
or s t r u m ,  this ulurance obhgates the tramferee for the period during which Federrl aasistmce 
i s  extendat. If any personal property is K) provided, this ascumnce obligates the Applicant for the 
period duxing which it retaw owntnhip or possemion of the properfy. In 8U other cues, thlr 
assurance obligates the Applicant for the period during which the Federal .Sairtance ic extended 
to the Applicant by the Department of Energy. 

Employment h c t i c o  

Where primrry objective of the Federal assistmce is to provide employment or where the 
Apphant’r employment practices affect the delivery of 8eNim in programs or rctivitits resulting 
from Fcderrl wistrnce extended by the Department, the Appliant rgrecr not to dtcriminrte on 
the ground of race, color, national origin, ex, rgc, or b d i a p ,  in itr employment pnctics. 
Such employment practices . sy include, but are not limited to, rtcruitment, ncruitxnent & v u -  
tinng, hiring, layoff or termination, promotion, demotion, transfer, rates of pay, training and 
putkipation in upwud mobility programs, or other form8 of compensation and ULC of facilities. 

Subncipient 

The Applicant rhrtl mquh any individual, orgmizatioa, or otba entity with whom it cub- 
contrrctr, mbgranta, or mbleaaes for the purpoae of providing m y  aeMce, fmmcid lid, 
mcnt, p r o m ,  or structure to comply with hws cited above. To thk end, the iubredpient ahail 
be Rquind to sign a wriftcn wurance form, however, the obligation of both rtcipient and 
Nbrrcipicnt to ensue compliance is not relieved by the coUcction or mbmiuioa of written 
l l u M c e  formr. 
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DEPA R TMEN T OF BIOCHEMISTR Y 
(301) 955-3671 

THE JOHNS HOPKINS UNIVERSITY 
SCHOOL OF H Y G I E N E  .4ND PUBLIC HEALTH 

6 1 s  North  Wolfe  SI ree t  

Baltimore, Maryland 21205, U.S.A. 

December 11, 1984 

Mr. Walker K. Love 
Contracting Officer 
Contract Management Branch 
Procurement and Contracts Division 
Oak Ridge Operat ions 
Oak Ridge, Tennessee 37831 

Dear Mr. Love: 

Enclosed please find copies of a request for support to 
purchase a protein-peptide synthesizer and sequencer. The 
equipment application is prepared under energy are "Health 
and Environmental Impacts." A similar request was submitted 
to NSF in October. Thank you for your attention. 

Sincerely, , , 

P.C. Huang, Ph.D. 

PCH : mmh 

Enclosure 
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