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A. INTRODUCTION 

This Status Report covers the activities of the Instrumentation Research 
Laboratory from October 1, 1967 to April 1, 1968. Major technical 
efforts are described in separate technical reports and papers. The 

status report refers to these and summarizes continuing projects. I 

Work under grant NsG 81 includes areas of research that are closely 
related to efforts being carried out in the Department of Genetics under 
other grants or contracts. The Air Force Contract AF 49(638)1599 for 
"Molecular Biology Applications of Mass Spectroscopy" was comnleted on 

December 31, 1967. Other grants are National Institute of Neurological 
Diseases and Blindness Grant NB-04270 entitled "Molecular Neurobiology" 
and work carried out by the Advanced ComDuter for Medical Research 
(ACME) program supported by the National Institutes of Health, Division 

of Research Facilities and Resources under Grant FR00311-nl. There is 

collaboration with the work in the Computer Science Department on 

artificial intelligence carried out under support of the Advanced 
Research Projects Agency SD 183. In addition, work is heing done on 

"Genetic Studies of Mammalian Cells", National Institutes of Health, 
under Grant CA04681-08. The relationship of the work carried out under 
this NASA grant to these other activities continues to prove of great 
mutual benefit in all cases. 

The general project areas of the program resume, part 3 of the status 
report are: 

I. Gas Chromatography and Optical Resolution 
11. Mass Spectrometry 

111. Computer Managed Instrumentation 
IV. Cell Separator 
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These projects  continue t o  con t r ibu te  t o  t echn ica l  mastery of problems 

i n  exobiology by furnishing s p e c i f i c  a n a l y t i c a l  techniques of high 

s e n s i t i v i t y  and discr iminat ion f o r  t h e  de t ec t ion  of e x o t i c  l i f e .  Our 

cu r ren t  e f f o r t s ,  i n  col laborat ion with t h e  N I H  funded ACME program, have 

allowed us  t o  l e a r n  a g r e a t  dea l  and w i l l  permit u s  t o  l e a r n  more about 

computer-controlled instruments,  using ACME as a system prototype of an 

Automated Biological  Laboratory (ABL). The problem of providing a t i m e -  

shared computer system f o r  high da ta  rate,  sporadic demand laboratory 

use r s  has proved t o  be more d i f f i c u l t  than we  had o r i g i n a l l y  envisaged. 

While some of t h e  problems can be t raced t o  hardware l i m i t a t i o n s ,  t he  

main d i f f i c u l t i e s  cen te r  on t h e  production of very complex but  r e l i a b l e  

software f o r  t h e  operat ing system. The ul t imate  demonstration of t he  

f e a s i b i l i t y  of a computer-controlled automated b i o l o g i c a l  laboratory 

w i l l  depend on the  a v a i l a b i l i t y  of resources f o r  a g rea t  dea l  of system 

research and development and dedicated computer f a c i l i t i e s .  

During the s i x  month per iod described above, seven papers were submitted 

t o  journals  f o r  publ icat ion,  i n  add i t ion  t o  those of Professor Djerassi's 

laboratory,  and three  t echn ica l  r e p o r t s  prepared. A l i s t i n g  of these 

papers and r epor t s  is included i n  t h i s  s t a t u s  r epor t .  
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B. PROGRAM RESUME 

I. Gas Chromatography and Optical Resolution 

A. Gas Chromatography of Amino Acids 

Work on the quantitative gas liquid chromatographic analysis of amino 
acids has been continued. The analysis is based on the conversion of 
the amino. acids to the stable N-thiocarbonyl alkyl esters, which with 
the exception of arginine, can b e  gas chromatographed. The reaction 
sequence used is esterification of the amino acid mixture, followed 
by a treatment with carbon disulfide and L i h L i i y h i i i h e  tr yte ld  E d i -  

I 

thiocarbamate. This on treatment with a chloroformate ester gives an 

unstable carboalkoxy dithiocarbamate which decomposes to the thio- 
carbonyl derivatives. It has now been established, that quantitative 
work with a reproducibility of 5% can be carried out with synthetic 
mixtures containing 0.2 pM of each protein amino acid. 
(A) hydrolysates (0 .2 -0 .5  mg) which were carried through the entire 

chemical and chromatographic procedure also gave clean and readily 
interpretable chromatograms. 
2 1/2 hours, instrument analysis time has been reduced to 1 hour. 
With our present equipment 6-8 analyses can be done during an 8 hour 

day, which compares favorably with the 2-3 analysis capability of our 
amino acid analyzer. 

Ribonuclease 

Although chemical manipulation requires 

B. Factors Affectin7 the Separation of Diestereoisomeric Compounds by G.L.C. 

Gas liquid chromatography (g.1.c.) of diastereoisomers has been used 
with great success for the determination of steric purity of asymmetric 
compounds, but no rationale has been proposed for the selection of 
suitable resolving agents and chromatographic conditions, for the appli- 
cation of such techniques. Earlier work on the mechanism of g.1.c. 
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Table I 
Gae Chromatographic Separation of Diastereoisomeric 
N-Trifluoroacetyl-S-Phenylalanine-(1)aUcyl Esters 

Compound 
No. 

I 

I1 

111 

IV 

V 

VI 

VI1 

VI11 

IX 

X 

X I  

X I 1  

X I 1 1  

Structure of 
bymetric Alcohol 

CH -cH-cH2cH3 

CH3-cH-cH2cH2cH3 

cB3-cH-cH2-cH2-cH2 cH3 

CH -cH-c(cH3)3 

3 1  
OH 

I 
08 

I 
OH 

3 1  
OH 

I 
OH 

CH3-CH-cH(CH3) 

cH3-cH2-cii-cH(cH3) 
I 
aB 

CH3-CH2-cH2-cH-CH(cH3) 
I 
OH 

Separation 
Temperature 

*C 

138 

138 

138 

155 

155 

155 

155 

155 

155 

170 

170 

170 

170 

Retention Time Of 
Diastereoisomers 

(Min . ) 
S- (-1 

15.30 

19.40 

25.50 

9.00 

8.50 

10.60 

11.70 

9.20 

11.00 

12.50 

13.40 

14.20 

16.70 

S- (+I 

15.90 

19.80 

26.30 

10.30 

9.20 

10.90 

12 .oo 

9.40 

11.70 

13.70 

14.60 

15.80 

19.40 

Ratio of 
Separation 
Temperature 

a 

1.04 

1.02 

1.03 

1.17 

1.10 

1.03 

1.03 

1.03 

1.07 

1.11 

1.10 

1.12 

1.18 
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Table I1 
ha-chromatographic Separation of Diastereoisomeric TFA-S-prolyluides 

Derived from h y n e t r i c  Amines and h i n o  Acid Esters. 

Compound Structure Colum Separation Retention r i u  of 
N d e r  Temperature D i a s t e r e o i s m r s  

XIV 0 5% QP-1 210 3.80 4.50 

H-F-NH2 0.5% ECA 180 5.90 8.00 

XV 0 5% QP-1 210 3.70 4.15 

(‘0 (Mn. 1 
SP ss 

I 

a 3  

I 
H-C-NH, 0.5% ECA 180 2.70 3.35 

a 3  

h-tric Compounds Ratio of Retention 
Times 

ss 
a - -  SR 

l - a ino - l -  
phenylethane 

1.18 

1.36 

1.12 

1.24 

l-mino-l-cyclohexyl- 
ethane 

XVI 0 5XQP-1 210 5.15 5.90 
1 

0.5% EGA 200 3.10 3.80 
?2 

Amphetamine 1.08 

1.23 

Ii-$-NH, 

% 
XV11 0 5% QF-1 210 8.80 

4.80 

9.80 

5.30 

1.12 

1.10 

Deaoxyephedrine 
I 

0.5% EM 200 F 
% 

H-C-NHCX3 

l.ws 
1.10 

XVIII 0 5% QP-1 210 Phenylglycine 
e thy l  e s t e r s  

10.20 10.20 

7.90 8.70 
I 

8-C-NH 0.5% EGA 200 

0 5% QP-1 210 Cyclohexylglycine 
e thy l  eater 

10.10 10.90 

4.20 4.80 

1.08 

1.16 

12.00 13.00 

10.40 10.70 

1.08 

1.03 

Phenylalanine 
methyl ester 

xx 5% QF-1 2 10 

0.5% ECA 200 P2 
H-C-NH 
0 - b ;  

XXI 0 5% QP-1 210 Cyclohexylalanine 
methyl e a t e r  

10.25 10.90 

5.10 5.80 

1.06 

1.14 
I 

0.5% EGA 200 3 n-c-m2 
0 - c m 3  

I 
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separation of diastereoisomers had suggested that the degree of 
branching of a substituent at one asymmetric center and the distance 

between the optical centers are important variables in determining se- 
paration efficiencies. Since knowledge of the factors which influence 

the g.1.c. resolution of diastereoisomers would help in the choice of 
a resolving agent, we have now examined the effect of some systematic 

structure variations on the degree of separation of diastereoisomeric 
esters and amides. 

suggests that branching of substituents and the contrast between the 
atomic numbers of the groups attached to one of the asymmetric centers 

are factors influencing separation. The degree af resolution of 

diastereoisomeric amides is also affected by solute-solvent interactions 

involving primary amide bonds or aromatic rings with polyester station- 

ary phases (Table 11). 
should be a readily available, low molecular weight, optically pure 

compound containing a suitable functional group which is close to the 
asymmetric center. The reagent should contain groups of widely dif- 
ferent atomic numbers around the asymmetric center and incorporate a 

secondary or tertiary carbon attached directly to the asynrmetric atom. 
Alternatively, planar cyclic compounds with a functional group adjacent 

to the asymmetric center also make excellent resolving agents. 

An examination of the data on Table I and 11, 

- 

Our results suggest that a resolving agent 

C. Menthvl chloroformate, a new apent for the Ras chromatonaphic 
resolution of asmetric alcohols, amines, amino-acids and 
hvdroxv-acids. 

1 In a recent review on cyclodepsipeptides, 

a GLC method of determining simultaneously 

it was pointed out that 

the configuration of amino- 

acids and hydroxy-acids would greatly decrease the amount of natural 
product necessary for structure determination. Although our N-TFA-S 

'L. D. W. Russell, Quart. Rev., 2, 559 (1967) 
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p r o l y l  ch lo r ide  reacts w e l l  with amino a c i d s  it does not  react r e a d i l y  

with a-hydroxy ac ids .  We have now found t h a t  (-)-menthyl chloroformate 

( I I2  r e a c t s  with both a-hydroxy acids and a-amino ac id  methyl e s t e r s  

t o  g ive  t h e  corresponding diastereoisomeric  carbonates (11) and urethanes 

(111) which are reso lvable  by GLC (Table 111). 

C00CH3 

I I  I 
0 R 

11 

,c ,CR R-CH-COOCH3 

II 
+ NH2 I 

R1 -CH-COOCH? 

I 

R1 0 Y 
I11 

The ease with which (-)-menthyl chloroformate reacted with the  

a-hydroxy ac ids  suggested t h a t  i t  could a l s o  b e  used f o r  t he  o p t i c a l  

a n a l y s i s  of a-alkyl benzyl a lcohols  which are not  amenable t o  t h e  

e s t e r i f i c a t i o n  procedure used f o r  t h e  a l k a n o l ~ . ~  

(Table I V )  t h a t  t he  r e s u l t i n g  carbonates could he resolved by gas 

chromatography and i n  addi t ion ,  some amines of known conf igura t ion  

w e r e  also analyzed by t h i s  technique. 

It w a s  found 

2L. A. Carbino, Chem. Corn., 23, 858 (1966) 

3B. Halpern and J. W. Westley, Aust. J. Chem. 19, 19533 (1966). 
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TABLE 111 

Gas chromatographic separation of a-hydroxy and a-amino 

acid methylesters as their R-(-)-menthoxycarbonyl diastereo- 

isomeric derivatives.* 

Acid 

Lactic 

a-Hydroxyisovaleric 

a-Hyd roxyi s ocapr oic 

3-Phenyllact ic 

Alanine 

Valine 

Leucine 

Phenylalanine 

Separation 
Temperature 

("C.) 

170 

170 

170 

200 

170 

170 

170 

200 

Retention time of 
diastereoisomers (min.) 

SR ss 

3.85 4.2 

5.00 5.7 

6.8 7.8 

8.5 9.7 

6.6 7.0 

9.05 10 .o 

11.9 12.75 

13.1 14.4 

Ratio of 
retention times 

1.09 

1.14 

1.15 

1.14 

1.06 

1.10 

1.07 

1.10 

*GLC analyses were carried out on 5 ft. x 1/8 in column packed with 5% 
The nitrogen flaw during analyses was 30 ml/min. QF-1 on Aeropak 30. 
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TABLE IV 

GLC separation of a-alkyl benzyl alcohols and a-alkyl aryl amines 
as their R-(-)-menthoxycarbonyl diastereoisomer derivatives$ 

1-phenyl-1-ethanol 

1-phenyl-1-propanol 

1-phenyl-1-butanol 

1-phenyl-1-pentanol 

1- (2- to ly 1) - 1-b ut anol 
1-phenyl-1-cyclohexyl carbinol 

1-phenyl-1-ethylamine 

1-(1-naphthyl)-1-ethylamine 

Column 

A 

A 

A 

A 

A 

A 

B 

B 

Temp. 

170" 

170" 

170" 

170" 

170' 

200" 

180 " 

230" 

Retention time of 
Dias t er eo i s omer s 

RS 

5.3 

5.5 

6.8 

8.0 

8.1 

6.45 

9.5 

6.6 

RR 

5,? 

6.2 

7.6 

8.9 

9.3 

7 .0 

10.1 

7 .0 

Ratio of 
Retention times 

!a! 

1.11 

1.13 

1.12 

1.11 

1.15 

1.09 

1.06 

1.06 

*GLC analyses were carried out on 5' x 1/8" columns with a nitrogen flow 
of 30 ml./min. 

Column A: 3% EGS on AEROPAK 30. 

Column B: 5% QF-1 on AEROPAK 30. 
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11. Mass Spectrometry 

A. Analysis of Natural Products 

Professor Djerassi's laboratory in the Department of Chemistry has 

yielded the results reported in the following papers: 

Djerassi, C.; Jackson, A. N.; Kenner, G. W.; Budzikiewicz and 
Wilson, J. M.: Mass Spectrometry in Structural and Stereo- 
chemical Problems XC. Mass Spectra of Linear Di-, Tri- and 
Tetrapyrrolic Compounds. Tetrahedron, 23, 603 (1967). 

MacLeod, J. K.; Thomson, J. B.; Djerassi, C.: Mass Spectrometry 
in Structural and Stereochemical Problems CXXII. Possible 
Operation of Tautomerism Before and After Electron-Impact 
Induced Fragmentation of Molecular Ions. Tetrahedron, 23 
2095 (1967). 

Brown, P.; Djerassi, C.: Mass Spectrometry in Structural and 
Stereochemical Problems CXXX. 
Induced Migratory Aptitudes. 
(1967). 

A Study of Electron Impact J. &. Chem. SOC., 89, 2711 

Reusch, W.; Djerassi, C.: Mass Spectrometry in Structural and 
Stereochemical Problems CXVII. Aliphatic a,B-Epoxyketones. 
Tetrahedron, 23, 2893 (1967). 

Buchardt, 0.; Lohse, C.; Duffield, A. M.; Djerassi, C.: The 
Photolysis of l-Phenyl and l-Cyano Substituted Isoquinoline 
N-oxides to Benz [f]-1,3-0xazepines. Tetrahedron Letters, 
2741 (1967). 

Harris, R. L. N.; Komitsky, F., Jr.; Djerassi, C.: Mass Spectrome- 
try in Structural and Stereochemical Problems CQ-XXII. 
Electron-Impact Induced Alkyl and Aryl Rearrangements in 
a,B-Unsaturated Cyclic Ketones. 
(1967). 

J. &I. Chem. SOC., 89, 4765 

Harris, R. L. N.; Komitsky, Jr. F.; Djerassi, C. Mass Spectrometry 
in Structural and Stereochemical Problems CXXXIV. Electron 
Impact Induced Alkyl and Aryl Rearrangements in a-Arylidene 
Cyclic Ketones. - - -  J. Am. Chem. %., 89, 4775 (1967). 

MacLeod, J. K.; Djerassi, C.: Mass Spectrometry in Structural and 
Stereochemical Problems CXXXVI. Primary 
Effects in the McLafferty Rearrangement. - 89, 5182 (1967). 

Hydrogen Isotope 
J. Am. Chem. SOC., - - - -  
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Green, M. M.; Djerassi, C.: Mass Spectrometry in Structural and 
Stereochemical Problems CXXXVII. Examples of Interaction of 
Remote Functional Groups after Electron Impact. 
-* SOC 9- 89, 5190 (1967). 

J. Am. Chem. 

Carpenter, W.; Duffield, A. M.; Djerassi, C.: Mass Spectrometry in 
Structural and Stereochemical Problems CXLVII. The Course of 
the Electron Impact Induced Elimination of Hydrogen Fluoride 
in Primary Alkyl Fluorides. - Chem. Corn 1022 (1967). 

MacLeod, J. K.; Djerassi, C.: Mass Spectrometry in Structural and 
Stereochemical Problems CXL. Competitive McLafferty 
Rearrangements in Bifuncdonal Compounds. 
32, 3485 (1967). 

J. Org. Chem., - 

Carpenter, W.; Duffield, A. M.; Djerassi, C.: Mass Spectrometry 
in Structural and Stereochemical Problems CXLIII. Unusual 
Fragmentations in the Mass Spectra of Some Aliphatic Ethers. 
T A- cl--- CAI.  90 A l L A  (lOA?>- 
0 .  NU. U L A Z Y . .  V V b . )  " a ,  w - v .  - - - -  - 

Carpenter, W.; Duffield, A. M.; Djerassi, C.: Mass Spectrometry in 
Structural and Stereochemical Problems CXLV. 
the Preferential Loss of Small versus Large Radicals in Ketones, 
Schiff Bases and Ethers. - - -  J. Am. Chem. =., 89, 6167 (1967). 

Factors Governing 

Duffield, A. M.; Djerassi, C.; Sandstrom, J.: Mass Spectrometry in 
Structural and Stereochemical Problems CXXXVIII. 
Processes of Some Thiocarbonyl Compounds on Electron Impact. 
Acta Chem. Scand., 21, 2167 (1967). 

Fragmentation 

-- 
Carpenter, W.; Duffield, A. M.; Djerassi, C.: Mass Spectrometry in 

Structural and Stereochemical Problems CXLIV. 
mentations of the Low-Voltage Spectra of Aliphatic Ketones. 
- - -  J. Am. Chem. =., 90, 160 (1968). 

Unusual Frag- 

Sengupta, P.; Chakraborty, A. K.; Duffield, A. M.; Durham, L. J.; 
Djerassi, C.: Terpeno.ids LXI. The Structure of a New 
Triterpene, Putranj ivadione. Tetrahedron, - 24, 1205 (1968). 

Schroll, G.; Lawesson, S.-0.; Duffield, A. M.; Djerassi, C.: 
Mass Spectrometry in Structural and Stereochemical Problems 
CXXXIX. The Fragmentation of Some Cyanohydrins and O-Acyl- 
cyanohydrins Upon Electron Impact. Arkiv Kemi, 28, 435 (1968). 

Carpenter, W., Sheikh, Y. M.; Duffield, A. M. ; Djerassi, C. ; 
Mass Spectrometry in Structural and Stereochemical Problems 
CLIII. 
Cyanides. 

Electron Impact Promoted Fragmentation of N-Alkyl 
Org. - Mass Spectr. , 1, - 3 (1968). 
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Briggs, W. Scott; Djerassi, C.: The Pyrolysis of the Epimeric do - 
and 2-dl-2-Methylcyclohexyl-S-Methyl Xanthates and Acetates. 
- J. Org. Chem., 33, 1625 (1968). 

Duffield, A. M.; Djerassi, C.; Mazerolles, P.; Dubac, J.; Manuel, 
G.: 
lems CLII. 
Substituted Germacyclopentanes. 
- 12, 123 (1968). 

Mass Spectrometry in Structural and Stereochemical Prob- 
Electron Impact Promoted Fragmentation of Some 

J. Organometallic - Chem., 

Brown, P.; Djerassi, C.: Mass Spectrometry in Structural and 
Stereochemical Problems CXLVIII. 
Fragmentations of Cyclic Sulfites and Carbonates. 
Tetrahedron, 24, 2949 (1968). 

Electron Impact Induced 

Duffield, A. M.: Mass Spectrometric Fragmentation of Some 
Lignons. 2. Heterocyclic Chem., 4, 16 (1967). 
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B. Mass Spec t r a l  Microanalysis of Organic Sol ids .  

The pulsed ruby laser and o p t i c a l  s y s t e m  described i n  Technical Report 

No. IRL 1061 has  been used t o  vaporize organic  samples i n  t h e  source 

chamber of our  Bendix time-of-flight mass spectrometer.  

i n  t h e  previous r e p o r t  t h a t  t he  l a se r  and e n t i r e  o p t i c a l  t r a i n  are 

e x t e r n a l  t o  t h e  vacuum environment of t h e  mass spectrometer source and 

analyzer  chamber. 

i n  t h e  o p t i c a l  system is d i r e c t e d  through a plane Corning 7052 g l a s s  

window t o  the  t a rge t .  The window cont r ibu tes  sphe r i ca l  abe r ra t ion .  

A t  m a x i m u m  laser output  and f u l l  aper ture  a t  the  condensing l e n s ,  w e  

produce approximately 7011 diameter spots  a t  t h e  t a r g e t .  

can be reduced e i t h e r  by diminishing the  laser output ,  which reduces 

t h e  beam spread,  or by stopping down t h e  condensing l e n s ,  which reduces 

t h e  s p h e r i c a l  aber ra t ion .  

spot  s i z e  by e i t h e r  of these  procedures. 

It w a s  noted 

The laser r ad ia t ion  condensed by t h e  terminal  l e n s  

The spot  s i z e  

W e  are ab le  t o  work down to  about 3511 diameter 

Most of our  work t o  da t e  has been performed on ind iv idua l  gra ins  and 

g ra in  clumps from powdered samples, 

va r ious  s i zes  of t a r g e t  clumps of Bromouracil. The mass s p e c t r a l  s i g n a l  

gene ra l ly  sank i n t o  the  noise  a t  clump diameters below l o p .  

We ran  a s e n s i t i v i t y  test wfth 

Though t h e  process of laser vaporizat ion r e s u l t s  i n  the  generat ion of 

some ions ,  w e  do not  r e l y  on these ions  f o r  mass analys is .  They tend 

t o  become too  widely dispersed along the  d i r e c t i o n  of t he  f l i g h t  a x i s  

of t h e  instrument t o  be focused properly. Thus, i n  both the  c ruc ib l e  

and laser modes we r e l y  on e lec t ron  beam ion iza t ion  of n e u t r a l s  f o r  ion 

product ion. 

W e  have developed a p r a c t i c e  of s tor ing  a l l  of our da t a  i n  the  Stanford 

Medical Center IBM-360 ACME time-shared computer system. 

runs are s l o w  enough t o  permit d i r e c t  t ape  recording and transmission 

The c ruc ib l e  
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t o  ACME v i a  a l o c a l  I N C  computer. 

t ranscr ibed from photographs of osc i l loscope  d i sp lay  of t he  output .  

The laser da ta  must be manually 

We have been i n t e r e s t e d  i n  experimenting with the  v i s u a l  comparison 

of spectra .  For t h i s  purpose w e  have wr i t ten  a program t o  d isp lay  

p a i r s  of spectra i n  a comparative format on a t e l e v i s i o n  u n i t  dr iven 

by the computer. The b a s i c  d isp lay  format t h a t  appears when the  pro- 

gram is f i r s t  ca l l ed  is  i l l u s t r a t e d  i n  Fig. 1, which is reproduced 

from a Polaroid photograph of t he  t e l e v i s i o n  screen.  

...... 
I 

The image cons i s t s  of a square p a t t e r n  divided i n t o  a set of rec tangular  

zones. The ho r i zon ta l  l i n e  16 is the  common base l i n e  f o r  two spec t r a  

t h a t  may be simultaneously displayed. The mass peaks f o r  t he  spectrum 

displayed i n  region 4 w i l l  extend upward from the  base l i n e  and f o r  

the  spectrum displayed i n  region 5 they w i l l  extend downward. 

of the t w o  l i n e  spec t r a  the  mass numbers increase  t o  t h e  r i g h t .  The 

numbers i n  zones 6 and 8 denote the  lower and upper l i m i t s ,  r e spec t ive ly ,  

of the  mass range f o r  t he  upper spectrum. The numbers i n  zones 7 and 

9 serve a similar funct ion f o r  the  lower spectrum. The numbers i n  zones 

2 and 3 i d e n t i f y  the  record numbers of t he  upper and lower spectra, 

respect ively.  

I , 
I 

d 

1 

For each 

I 

I 

A l l  control  i n  execution is  accomplished by the  use of a deck mounted I 

gearsh i f t - l ike  con t ro l  with a sensing but ton on the  end of i t .  

h i s t o r i c a l  reasons,  t h i s  u n i t  and the  b l ink ing  spot  1 t h a t  i t  pos i t i ons  

on the d i sp lay  are r e fe r r ed  t o  as "mouse". The ho r i zon ta l  and v e r t i c a l  

coordinates of the  spot  1 on the  screen are sensed by potentiometers 

coupled t o  t h e  manual cont ro l .  

of t he  depressed sensing button. 

For 
I 

These coordinates  are read upon release 

When i t  is des i red  t o  s e l e c t  o r  change e i t h e r  a spectrum record number 

o r  the  mass l i m i t s ,  mouse is moved i n t o  the  area cons i s t ing  of t h e  set  

of zones 10, numbered 0 through 9. A mul t ip le  d i g i t  number co l l ec t ed  

15 
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from region 10 by successive s e l e c t i o n s  is  au tomat ica l ly  accumulated 

i n  zone 11 f o r  checking. 

t he  computer is wai t ing  f o r  mouse. 

computer is i n  heavy use. 

or t ransfer red  t o  any one of zones 2,  3, 6 ,  7, 8 ,  or 9 by d i r e c t i n g  

The f l a sh ing  of  b a r  14 advises  the  user  t h a t  

This information is  use fu l  when t h e  

The se l ec t ed  number may be e i t h e r  cor rec ted  

1 
mouse t o  the  des i red  zone and r e l eas ing  the  button. After  s e l e c t i o n  I 

is  made, mouse may be used to  sense zone 12, labe led  DISPLAY, thereby 1 
s igna l ing  t h e  computer t o  d i sp l ay  the  se l ec t ed  spec t r a  over t he  chosen I 

mass ranges. The photograph reproduced i n  Figure 2 demonstrates t h e  I 

comparison of  t he  base guanine obtained by use of t h e  laser, record I 

31 displayed up, and t h e  guanine spectrum obtained by use of t h e  c r u c i b l e ,  

record 35 shown down. 

v i c i n i t y  of any mass peak causes the  V-like symbol 17 t o  appear a t  t h e  

I 

Sensing mouse above t h e  base l i n e  and a t  t h e  
b 

mass peak and the  va lue  of t he  mass,peak, 151 i n  t h i s  case, to  be I 
displayed a t  loca t ion  18. Mass 151 is t h e  guanine molecular peak. 

Sensing below t h e  base  l i n e  causes the  inver ted  V denoted 19 (not 

reproduced c l e a r l y  here)  t o  appear a t  t h e  mass peak and the  assoc ia ted  

mass number 202 t o  appear a t  loca t ion  20. Mass 202 is one of t h e  mercury 

i so topes  a r i s i n g  from the  use of mercury as a pump f l u i d .  

The photograph reproduced i n  Figure 3 i l l u s t r a t e s  some of t h e  opt ions  

ava i l ab le  to the  user .  Record 37, salmon sperm DNA v o l a t i l i z e d  by t h e  

laser system, i s  displayed over t h e  mass range 0-400 i n  t h e  upper 

spectrum. 

i n  fu r the r  d e t a i l  t he  masses ranging from 100 t o  150. The base peaks 

f o r  cytosine (mass l l l ) ,  thymine (mass 126) and adenine ( ~ ~ 1 3 5 )  are 

present ,  i nd ica t ing  t h a t  t hese  s u b s t i t u a n t s  are detached as recognizable  

fragments from t h e  macromolecule. 

t h i s  p a r t i c u l a r  sho t ;  but  has been seen on o thers .  

The lower spectrum is a por t ion  of t he  same spectrum showing 

Guanine got  l o s t  i n  t he  noise  on 

Figure 4 i l l u s t r a t e s  t he  manner i n  which t h e  d i sp lay  shown i n  Figure 3 

w a s  obtained. Spectrum 37 i n  the  mass range 0-400 w a s  f i r s t  displayed 

both up and down. Mouse w a s  then sensed i n  reg ion  13, labe led  LIMITS. 

17 
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Following the sensing of LIMITS, mouse w a s  sensed i n  zone 5 a t  t h a t  

mass posi t ion intended t o  be an upper l i m i t  f o r  t h e  lower bound on t h e  

des i r ed  expanded mass range. 

a t  21  then appeared a t  t h e  p o s i t i o n  designated by mouse. 

i n  t h e  lower l i m i t  zone 7 then t r a n s f e r r e d  t h e  newly se l ec t ed  lower 

l i m i t  t o  t h i s  zone. Because of t h e  d i sc re t eness  of a v a i l a b l e  po in t  

si tes on t h e  d i g i t a l l y  dr iven t e l e v i s i o n  screen t h e  lower l i m i t  is 

automatically rounded t o  t h e  nea res t  mul t ip le  of 25 less than o r  equal 

t o  t h e  mass i d e n t i f i e d  by t h e  enhanced bar.  Mass 100 r e su l t ed .  An 

L-like symbol, denoted 22 ,  i s  created t o  show t h e  mass loca t ion  of t h e  

new lower bound on t h e  d i sp lay  being generated,  

a t  24 to  t e l l  t he  user  t h a t  the  displayed spectrum is  no longer v a l i d .  

Sensing mouse successively i n  the  LIMITS zone, i n  t h e  m a s s  zone, and 

i n  t h e  high l i m i t  zone provides t h e  new upper l i m i t  150. 

An enhanced bar  such as the  one shown 

Sensing mouse 

A f l a sh ing  X appears 

Sensing DISPLAY then r e s u l t s  i n  t h e  appearance of display shown i n  

Figure 3. 

the  upper and lower l i m i t s  of e i t h e r  of t h e  spectra may be r e s to red  

t o  t h e  range 0-400 by a subsequent sensing of mouse e i t h e r  above o r  

below t h e  c e n t r a l  base l i n e  of t h e  display.  

I f  mouse is subsequently sensed i n  zone 15, labeled "0-400", 

Table V l is ts  the  spec t r a  t h a t  have been obtained and are a v a i l a b l e  

i n  t h e  computer d a t a  f i l e  f o r  d i sp l ay  and comparative ana lys i s .  

111. Computer Managed Instrumentation 

ACME system programmers have converted t h e  IBM 1800 c o n t r o l  program 

t o  have time-sharing capab i l i t y .  

t i m e  shared; t h e  IBM 1800 w a s  used i n  s i n g l e  use r  mode only. 

Previously only t h e  IBM 360/50 was 
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TABLE V 

Sample 

B-SubtiIuS - DNA 
Salmon Sperm DNA 

Adenylic Acid 

Deoxycytidine 

Deoxyguanosine 

Deoxyadenosine 

Deoxyadenocine Monophosphate 

Deoxyguanosine Monophosphate 
Thymidine Phosphate 

Thymine 

Cytosine 

Guanine 

Adenine 
Bromouracil 

'2'5 
Dextrose 

Oxydized Copper Probe 
Tatooed Skin 

Untatooed Skin 

Fezan Black 

Alanine 

Isoleucine 

Cysteine 

Crucible 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Laser 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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The time-shared program should obvia te  much of t h e  scheduling problems 

inherent under the  old system while allowing t h e  users  greater f l e x i -  

b i l i t y  i n  o ther  respects .  

Previously each user  (remote laboratory connections) w a s  l imited t o  

s i x  input l i n e s ,  with only one of them d i g i t a l .  Now he may use 1 2 ,  

with any r a t i o  Where previously a l l  t he  input  

l i n e s  were sampled a t  t h e  same rate f o r  t he  same durat ion,  t he  present  

system allows the user t o  sample d i f f e r e n t  input  l i n e s  a t  d i f f e r e n t  

r a t e s ,  f o r  var ious amounts of t i m e .  

of d i g i t a l  and analog. 

The parameters f o r  user ' s  buf fer  s i z e ,  sample rate, and l i n e  number are 

s tored  i n  a 360 ACME systems program and may be a l t e r e d  by t h e  user .  

Previously,  it w a s  d i f f i c u l t  t o  vary these  parameters "on-line" or 

during execution of t h e  program. 

being worked on. 

analog input  l i n e s  and a l l  d i g i t a l  input  l i n e s .  

w i l l  be ab le  t o  have d i f f e r e n t  s tar t  i n t e r r u p t s  on d i f f e r e n t  input  

l i n e s .  

users .  

Two add i t iona l  f ea tu re s  a r e  cu r ren t ly  

Present ly  a start i n t e r r u p t  is used t o  t r i g g e r  a l l  

I n  the  fu tu re  t h e  user  

Currently,  d i g i t a l  output is not ava i l ab le  t o  most of t h e  1800 

This output funct ion w i l l  be implemented bn the  near fu ture .  

These, and t h e  f ea tu res  reported i n  the  las t  s t a t u s  r epor t ,  have been 

demonstrated. 

s ign  up for 1800 t i m e  and unique user-parameter cards  and fed i n t o  the  

1800 manually f o r  each appl ica t ion .  

However as a day t o  day operat ion,  users  have had t o  

B. 27OX-270Y ACME Computer Connections. 

The 27OX-Y system is  a s p e c i a l l y  b u i l t  IBM d i g i t a l  i n t e r f a c e  f o r  t he  

t i m e  sharing ACME system. This was  p a r t i a l l y  paid f o r  by the  NASA 

Grant N s G  81. The 

main computer room 

terminals designed 

270X is  the  c e n t r a l  terminal  t h a t  is housed i n  the  

and the  270Y's are the  remote (up t o  5000 feet)  

f o r  ind iv idua l  l abora to r i e s .  Their purpose is t o  

23 
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al low the  transmission of laboratory generated o r  required d i g i t a l  d a t a  

between the  c e n t r a l  processor of the IBM 360/50 and the  laboratory.  

This  i s  i n  a t i m e  shared mode under c o n t r o l  of t h e  program w r i t t e n  and 

executed i n  the  t i m e  shared ACME s y s t e m .  It w a s  s p e c i f i c a l l y  designed 

f o r  high d a t a  rates. 

The 270X-Y's w e r e  i n s t a l l e d  during t h e  l a s t  repor t ing  period (see page 

2 1  Technical Report IRL 1061). During December 1967 of t h i s  repor t ing  

per iod t h e  27OX-Y's  d id  pass t h e  acceptance tests mutually agreed t o  by 

Stanford and IBM. An attempt w a s  made t o  have the  condi t ions of t h e  

tests resemble those  of an t ic ipa ted  270Y use. 

designed to  determine the  accep tab i l i t y  of t h e  27OX-Y and not e spec ia l ly  

t h e  e n t i r e  r e l a t e d  ACME system, 

However the  tests were 

S ince  then a number of problems have developed i n  attempting t o  apply 

t h e  27OY's t o  soph i s t i ca t ed  uses.  

i n t e r a c t i o n  between the  27OX-Y and t h e  ACME system (software and hardware) 

t h a t  causes  ca t a s t roph ic  f a i l u r e  of t he  ACME t i m e  shar ing  program. 

When t h i s  happens, a computer fa i lure  occurs  t h a t  a f f e c t s  on-line 

t i m e  shar ing users .  It is  necessary t o  r e i n s t a t e  t h e  e n t i r e  system, 

a procedure of 5 to  15 minutes, t o  recover.  Each user  must then re- 
e n t e r  h i s  own program. To minimize such occurrences,  u n t i l  t h e  design 

d i f f i c u l t y  is resolved,  t he  Instrumentation Research Laboratory has  

l imi t ed  the  development of new uses t o  a r e s t r i c t e d  schedule of hours. 

F i r s t ,  t h e r e  seems t o  be an 

Second, unant ic ipated channel r e s t r a i n t s  were found i n  the  ACME ( so f t -  

w a r e )  system t h a t  operates  the  27OX-Y. ACME uses a combination of t he  

ACME developed sof tware and t h e  I B M  (software) operat ing system. 

The 27OX-Y can respond a t  a high speed (though t h i s  might evoke a f a i l u r e  

of t h e  kind mentioned above) during t r a n s f e r s  of s t r i n g s  of d i g i t a l  da ta .  

Such s t r i n g s  are l imi ted  t o  approximately 64,000 bytes.  

t i m e  from one s t r i n g  to  another  is from 0.05 seconds t o  a few seconds. 

Furthermore a "read" and a "write" are sepa ra t e  and sequen t i a l  s t r i n g s .  

The response 
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Thus, presently, the following important limitations arise: 

1. Long (over 64,000) high speed data transfers are not possihle. 

2. Fast (response times of 1 or 2 milliseconds) Write (control) - 
Read (data) is not possible. 

3.  Fast (response times of less than seconds) Read (data) - Computer 
logical decisions - Write (control) interaction is not possible. 

These restraints have caused delays in the mass spectrometer instru- 
mentation programs. This is reported in greater detail in following 

portions of this report. 

The unexpected delays in perfecting this data-oriented time-shared 
system point to the need for extensive system research before the 
Automated Biological Laboratory can be committed to this approach. 

Personnel from the affected groups (IBM, IRL and ACME) are attempting 
to find solutions or means of use that will avoid the difficulties. 
Nevertheless, progress has been made in the use of the 27OX-Y's. 

Two of the 270Y's have been equipped with IRL designed "multiplexer" 
units. 
screw down input/output buses in addition to the set of panel jacks 
supplied by the manufacturer. Also provided is a reference voltage 
system for each piece of equipment connected. Thus one 270Y'can be 

used with any one of several pieces of equipment without reference 
voltage considerations and the cumbersome transfer of twenty panel 

jacks . 

These allow the user to select any one of the four sets of 

Software has been developed (in conjunction with the ACME staff) to 
utilize the 270X-27OY hardware for on-line digital plotting, controlled 

by the ACME time-shared system. 
of the Calcomp plotters over the previously reported user modes. 

This vastly increases the usability 
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This plotting capability has proven valuable in presenting the results 
of computations performed on the output of the Dichroscope. The 

program provides for a rather conventional time shared data storage 
and retrieval function and also provides for the time shared plotting 

of the results of certain computations. 

C. Mass Spectrometer-Computer Instrumentation 

The Instrumentation Research Laboratory has a number of concurrent 
projects concerning mass spectrometers. The mass spectrometers involved 

are : 
1. A Bendix Time-of-Flight located in the main electronics 

laboratory on the ground floor. 

2. A Finnigan 1015 quadrupole model 1015 on the third floor in 
the exobiology laboratory. 

3. A high resolution AEI MS-9 in the Chemistry Department some 
1500 feet away. 
An Atlas CH-4 single focusing magnetic instrument also in the 

Chemistry Department. 
4. 

Instrumentation is being developed using three computers: 

1. LINC, a 2K 8 microsecond machine with magnetic tapes. This 
is located in the Instrumentation Research Laboratory. 

2. ACME'S 360/50 used in a time shared mode. This is housed 
on the floor above the Instrumentation Research Laboratory. 

3. IBM 1800 which is housed with the ACME 360/50 and slaved to 

it. 
Currently there are three general systems approaches. 

1. Data logging by the computer and later data reduction by means of 

researcher-computer interacting programs. 
in the Status Report of April1 to September 30, 1966, Technical 

Report IRL 1054. 
is being prepared at this time. 
researcher-computer interaction concepts. 

This has been documented 

In addition, a more complete technical report 
This system employs some unique 

Termed the RENDIX 
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system, i t  i s  c u r r e n t l v  being used on the  LINC computer with the  

Bendix TOF and t h e  Atlas CH-4. 

A computer d i r ec t ed  system (which we  cal l  S p e c t r d  in which the  

computer c o n t r o l s  t he  mass spectrometer during d a t a  gathering 

phases. This system has been documented i n  Technical Report 

2. 

NO. IRL-1062. 

The computer d i r e c t e d  systems r ea l i zed  t o  d a t e  have been: (1) LINC- 

EA1 Quad-300 (2) LINC-Finnigan 1015, and (3) LINC-Bendix TOF. 

3. A system capable of high mass r e s o l u t i o n  t o  l i n k  t h e  ACME 360/50 

with t h e  AEI MS-9. 

D. GLC/MS Computer Systems 

The Finnigan Instruments Corporation model 1015 quadrupole mass spectro- 

meter w a s  i n s t a l l e d  and t e s t ed  during January and February. A new 

computer i n t e r f a c e ,  similar t o  t h a t  used with t h e  EA1 QUAD 300 and 

Bendix TOF w a s  b u i l t  and i n s t a l l e d  during t h i s  period. This system 

is funct ional ly  similar t o  t h a t  described i n  Technical Report IRL 1062, 

dated November 1, 1967. 

It ,  however, has o r  makes provisions f o r  t h e  following improvements: 

1. computer control led range t o  m / e  500, o r  possibly 750. A u s e f u l  

This has  included b u i l t - i n  provis ions f o r  13  b i t  con t ro l  resolut ion.  

(The present  SPECTRUM uses only 1 2 ) .  

2. The FIC 1015 has a s o l i d  sample probe. Hence the  mass spectrometer 

can analyze e i t h e r  s o l i d  samples o r  e f f l u e n t s  of GLC. 

It has an expanded con t ro l  and sense mult iplex system t h a t  allows 

up t o  a combination of 31 d i s c r e t e  c o n t r o l l e r  sense functions.  

is still  f u r t h e r  expandable. 

3.  
This 

4. It is  adaptable t o  a v a r i e t y  of computers. The i n t e r f a c e  has a 

basic port ion t h a t  needs only t h e  s implest  o f  d i g i t a l  i npu t s ,  a 
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12 or 13 b i t  word and 3 con t ro l  l i n e s .  

output  conf igura t ion  can be decoded t o  supply t h i s .  

to  t h e  computer is  a s i n g l e  analog l i n e .  

It has a unique nonl inear  in tegra tor .  

A l m o s t  any computer d i g i t a l  

The input  

5. 

The upper l i m i t  of i n t ege r  reso lu t ion  on t h e  Finnigan instrument is 

s a i d  t o  be m/e=750. By using t h e  highest  m / e  range of t h e  1015 ( i t  
has  th ree )  and the  present  SPECTRUM software,  w e  were a b l e  t o  v e r i f y  

i n t e g e r  r e so lu t ion  a t  m/e-614 (10% val ley  d e f i n i t i o n ) .  This w a s  a 

f i r s t ,  al though not t he  only,  considerat ion i n  our dec is ion  t o  extend 

t h e  system t o  a t  least m/e=500. 

Measurements are now being taken t o  determine t h e  s u i t a b i l i t y  of a 

computerized operat ion of t h e  Finnigan quadrupole over t he  g rea t e r  

range, m/e=500 o r  750. For t h i s  grea te r  range (with the  same con t ro l  

vo l t age  t o  the  mass analyzer)  a higher over a l l  s t a b i l i t y  is  required 

to  allow unambiguous peak iden t i f i ca t ion .  To measure t h e  peak more 

accu ra t e ly ,  w e  w i l l  need the  f u l l  13 b i t  d i g i t a l  t o  analog converter 

c a p a b i l i t y  t o  set the  con t ro l  voltage. The i n t e r f a c e  is cu r ren t ly  

being developed t o  the  poin t  where its s t a b i l i t y  w i l l  be pr imari ly  

t h a t  of  t he  d i g i t a l  t o  analog converter re ference  supply vol tage 

( spec i f i ed  a t  0.005% per degree F.). 

da t a  on the  s t a b i l i t y  of t h e  quadrupole i t s e l f .  Ind ica t ions  a r e  t h a t  

i t  is the  instrument t h a t  w i l l  be t h e  l imi t ing  f ac to r .  Present ly  the  

L I N C  with SPECTRUM l imi ted  t o  m/e=256 is being used. 

f o r  t h e  added range w i l l  be extensive. 

t h i s  e f f o r t  u n t i l  ACME is a b l e  t o  provide instrumentat ion cont ro l .  

Despi te  t he  p o t e n t i a l  c a p a h i l i t v  of ACME terminal  connections,  systems 

sof tware is not  ye t  a v a i l a b l e  t h a t  can reasonably support  a SPECTRUM- 

l i k e  system. A t  p resent ,  t h e  LINC computer is  quicker  and more 

e f f i c i e n t .  However, t he  L I N C ,  s ince not  t i m e  shared,  cannot support  
a l l  of t h e  IRL systems t h a t  it can,  one a t  a t i m e ,  accommodate. Hence 

l a r g e r ,  t i m e  shared computers a r e  a t t r a c t i v e  and a major e f f o r t  i s  being 

made t o  t ie  i n t o  ACME. An a l t e r n a t i v e  is  more small computers, l i k e  

W e  s t i l l  have t o  acquire  accurate  

The reprogramming 

It has been decided t o  postpone 
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the LING, each dedicated in a particular instrumentation problem, 

under ACME control. 

Development of the extended mass range is being delayed until the 
time-shared ACME 360-50 computer as the control element can operate 

in the system. 
or the 1800 could be used as an interface. Because of the apparent 

shorter development time, the connection to the 1800 will be made 

first. 
either connection and applicable to either Bendix TOF or FIC 1015 
mass spectrometer control. 

The 270Y input/output terminals for the IBM 360-50 

The organization of the software will be made compatible with 

The SPECTRUM software of the time-shared system will include an 
automatic calibration routine of the mass spectrometer. This function, 
not presently in the LINC systewwill greatly reduce the set-up time 

presently required before an experiment is run. 

The non-linear integrator effects a data compression somewhat analogous 

to a logarithmic amplifier in nonintegrating systems. 
in Figure 7 ,  the principle is to use additional integrating capacitors 
gated in by different zener diodes. 
and condensers allows full gain for signals of up to 1/3 maximum out- 
put value. Signals of larger value are subjected to more integrating 
capacitance and kept from saturation. 

signal retains a more nearly constant ratio of amplitude uncertainty 

(one bit in the a-to-d conversion) to actual signal level. 

As can be seen 

This particular set of zener diodes 

It can be shown that the output 

Precision components are not needed. 
computer to determine the parameters of the more complex transformation. 

(This is by means of a control function to apply a calibrating current 
signal.) 

whenever a value of output voltage is logged. 

Provision is made to allow the 

The computer program then applies an inverse transformation 
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Conventional l inear integration may be diagramed as Figure 5 .  

RESET -1”’ reset switch 6 
Vout & L T V t n  d t  

0 

R I I 
out V 

FIGURE 5 

A conventional integration c i rcu i t .  

For the case when Vin is kept constant and samples at various times, T ,  

are recorded, Vout may be represented as i n  Figure 6 .  

Vout 

t 
FIGURE 6 

Typical output from a l inear integrator. 
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The nonlinear integrator suitable  for s ingle  valued inputs, shown 

< o  i n  

RESET 7 
c 

P II 
2c " 

max v I- 3 

V 

z1 

'max 
v = 3  z2 

+ 
"out 

FIGURE 7 

The c ircui t  for the nonlinear integrator used. 
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Now the output for Figure 6 input conditions similar t o  those assumed 

but appl i ed  to the c ircui t  shown in Figure 7 would be as shown i n  the 

f i n a l  f igure,  8 .  

'max 
1. 
V 

=2 

out V 

A 

- T  

FIGURE 8 

The output of the nonlinear integrator for  

a constant input s ignal .  
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E. Bendix TOF 

No distinctly new data systems were applied to the Bendix TOF this 
reporting period. The BENDTX system was primarily used. However, 
the SPECTRUM system did prove quite workable and was distinctly 
advantageous in signal to noise characteristics. 
was lack of mass range. As noted elsewhere, the program logs only to 

m/e=256. 

Its main drawback 

A paper, describing this development, was given at the Conference on 
Mass Spectrometry and Allied Topics at Pittsburgh, May 13 1968, and 

appended. 

F. Atlas CH-4 

The BENDIX system is now being applied to the Atlas CH-4. 
of the CH-4 mass spectrometer is normally sent through a logarithmic 
amplifier to a chart recorder. 

drive, through a coaxial cable, an analog input channel of the LINC. 
While the Atlas scans an m/e range of about 30 to 500 (over a period 

of several minutes) the LINC samples the data using a program developed 
for the Bendix TOF mass spectrometer. 
made. 
amplitude versus mass, via a Calcomp plotter. 

investigation using the existing software on the LINC, we plan t o  

develop a more suitable system utilizing the ACME 360/50 together 
with the IBM model 1800 computer. 

The output 

The amplifier has been modified to 

Several such runs have been 
The data has been processed and presented as a bar graph of 

After preliminary 

The hardware for the high reso1ut-m AEI MS-9 mass spectrometer con- 
nection to the ACME 360/50 was completed during the reporting period. 
This connection is to be made via the 27OX-Y. Systems support for the 
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27OX-Y and the difficulties described elsewhere in this report have 

prevented completion of the system connection. 
run either in small sample runs, or slow rates to nearly completely 

check out the hardware, but not enough support has been given to take 
data Erom the mass spectrometer. 

Enough of it has been 

A detailed description of this system will be given in a subsequent 

report. 

The approach is not a particularly new one, it has been generally 
accomplished by a number of laboratories. 
do its design task, but have a great deal of extra capability that 

The hardware should not only 

.,..ill zllck* 5: ~c th-, +=%= -f c c z y ~ t e r  c ~ = t _ r = l  2nd n v n m o a a 4 m n  r - - ---- 
for a number of other mass spectrometers and instruments. 

It consists of a rack of equipment including power supplies, timing 
oscillators, signal conditions, and one of the manually switchable 
270Y's. Attached are the magnet controls and electrometer. Central 
to this equipment is the digital control and A-to-D converter. It 

is expected that real time data acquisition will begin shortly. 

H. Computer Manipulation of Chemical Hypotheses 

The generalization of DENDRAL to ring systems has been completed and 
will be embodied in a technical report to be released shortly. The 
attached table of computer output illustrates the successful mani- 

pulation of positional isomerisms. 

4 

The input problem is to produce all the isomers of CgH12C) containing 

a benzene ring. 

4Joshua Lederberg, "DENDRAL, A System for Computer Construction, Enumeration 
and Notation of Organic Molecules as Tree Structures and Cyclic Graphs", 
Part 111, Complete Chemical Graphs; Embedding Rings in Trees 
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I V .  C e l l  Separat ion 

A. In t roduct ion  

The work on ce l l  s epa ra t ion  has  proceeded t o  the  poin t  where t h e r e  

are now t h r e e  instruments capable of car ry ing  out  worthwhile b io log ica l  

experiments. The f i r s t  of these  is a volumetric ce l l  separa tor ,  t h e  

second is  a high speed f luorescent  c e l l  s epa ra to r  and the  t h i r d  is a 

c e l l  s epa ra to r  and i d e n t i f i e r  developed by the  Watson Labs of IBM under 

the  d i r e c t i o n  of D r .  L. A. Kamentskg. 

poss ib l e  app l i ca t ion  of these  pr inc ip les  t o  the  b i o l o g i c a l  explorat ion 

of t h e  p l ane t s ,  our  present  e f f o r t s  a r e  d i r ec t ed  toward cur ren t  bio- 

l o g i c a l  and medical problems. T h i s  has made i t  poss ib le  f o r  us t o  ga in  

the  a c t i v e  p a r t i c i p a t i o n  of o ther  s c i e n t i s t s  here  a t  t h e  Medical School 

working under d i f f e r e n t  research grants.  These have included Professor  

H. S. Kaplan, Executive Head of the  Radiology and Radiotherapy, and 

D r .  I. L. Weissman, Department of Radiology, American Cancer Society,  

GrantE-439 and N I H  gran ts  CA3352-11, CA05008-11 and CA0583807; 

Professor  George Hahn, Department of Radiology, N I H  Research Grant 

CA4542-09; Professor  Leonard Herzenberg, Department of Genetics, N I H  

Research Grant CA-04681; Professor  R. Kallman, Department of Radiology, 

N I H  Research Grant CA3353-11. 

While our  u l t imate  goal  is the  

B. Present  Bio logica l  Program 

I n i t i a l l y ,  w e  have es tab l i shed  c r i t e r i a  f o r  ce l l  types which could 

be used as assay ma te r i a l  while  developing the  prototype instruments 

lead ing  t o  uses of instruments designed f o r  ce l l  separa t ion  i n  ex- 

periments t h a t  are b io log ica l ly  s ign i f i can t .  These cri teria are: 

1. Cells of a t  least two major s i z e  ca tegor ies .  

2 .  Cells which are not adherent t o  one another  and which can be 

maintained i n  s i n g l e  c e l l  suspension. 
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3. Cells  which can be  reproducibly obtained and maintained with good 

v i a b i l i t y  . 
4 .  Cells which can be divided i n t o  subclasses  according t o  b io log ica l  

function, subclasses  which might be r e l a t e d  t o  ce l l  volume o r  c e l l  

fluorescence. 

For these reasons,  w e  chose t o  work on thorac ic  duc t  populat ions of 

lymphocytes, which are: 

1. Divided i n t o  a t  least  3 s i z e  subclasses .  

2 .  Natural ly  obtained i n  s i n g l e  ce l l  suspension and do not  form clumps 

of 2 c e l l s  or grea te r .  

3. Can be maintained i n  a v i a b l e  s ta te  with appropr ia te  media f o r  as 

long as 24 hours. 

4 .  Have a t  least two s i g n i f i c a n t  b io log ica l  cr i ter ia  f o r  s ize-subclass  

separat ion : 

a. DNA synthes is :  Large and medium thorac ic  duct lymphocytes 

are i n  a continuous cyc le  of ce l l  d iv i s ion .  A t  least 80% 

of t h e i r  c e l l  cyc le  is devoted t o  DNA syn thes i s ,  and the re fo re  

short-term incubat ion of t ho rac i c  duct lymphocyte populations 

with r ad ioac t ive  DNA precursors  w i l l  s e l e c t i v e l y  l a b e l  l a r g e  

and medium cells. Small lymphocytes only r a r e l y  divide.  

Small lymphocytes are "immunologically competent ce l l s " ,  

whereas populat ions of l a rge  and medium lymphocytes are not .  

We have developed rap id  and easy methods f o r  t e s t i n g  immunological 

competence. 

Both of the  above assays  d e t e c t  t hese  b i o l o g i c a l  funct ions 

i n  v i a b l e  cells only. 

which only v i a b l e  cells  f luoresce ,  w e  can test t h e  f luorescent  

c e l l  s epa ra to r ' s  a c t i o n  a l so .  

b. 

c. 

Therefore,  s i n c e  w e  have a system i n  

The following are a few of t h e  medically and b i o l o g i c a l l y  s i g n i f i c a n t  

experiements w e  hope t o  perform: 
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1. 

2. 

3.  

4. 

5 .  

Test purified cell populations for cell-cell interactions in the 

induction, development, and execution of the immune response (in 
conjunction with Professor Herzenberg and Dr. Weissman). 
a. Isolation of antigen-processing cells by phagocytosis of 

fluorogenic substrate. 

Isolation of immunologically competent cells by size. 

Isolation of antibody-forming cells by size following adherence 
of large antigenic particles. 

b.  

c. 

Isolation of cells in mitosis by size criteria in order to establish 

cell lines in vitro which are synchronously cycling. 
useful to determine the actual cellular and molecular events which 

determine the differential sensitivity of cells to radiation and 
certain drugs as a tunction ot their place in the cell cycle 
(in conjunction with Professor George Hahn, Department of Radiology). 
Detection and isolation of cancer cells in the blood stream 
(metastases) in order to determine the type of cancer therapy most 

appropriate for the patient (in conjunction with Professor H. S .  Kaplan, 
Executive Head of Radiology and Radiotherapy and Professor R. Kallman, 
Radiology Department). 
Isolation and testing of cell types in Hodgkins Disease, (a cancer of 

the lymph node system) in order to determine: 

a. the malignant cell, its biochemistry and radiosensitivity. 
b. the cell type (in these patients) responsible for widespread 

These will be 

immunological deficiency, and how this deficiency is maintained 

(in conjunction with Professor H. S .  Kaplan). 
Isolation and testing of the cell type in the bone marrow theoretically 

designated as the "stem" cell, which is responsible for redevelop- 
ment of normal blood cell types following irradiation (in conjunction 

with Dr.Weissman). (NASA and the Air Force already have supported 
projects and symposia aimed at answering just this question, for 

the DurDose of mssible treatment of radiation exposure in space.) 
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C. Volumetric C e l l  Separator  

W e  are  continuing the  development of t h e  volumetr ic  ce l l  s epa ra to r  

reported i n  the  previous r e p o r t s  of t h i s  labora tory ,  IRL-1056 and 

IRL 1061. 

A s  reported then t h e  clogging of t h e  o r i f i c e  s t r u c t u r e  w a s  much too  

frequent f o r  any p r a c t i c a l  app l i ca t ions  of t h e  apparatus.  

t ens ive  inves t iga t ion  of t h i s  problem, some modif icat ions were incor- 

porated i n  the  f l u i d  in t ake  system of t h e  apparatus  so t h a t  t h e  clogging 

has  been p r a c t i c a l l y  eliminated. 

handled to  a s su re  t h a t  build-up of l a r g e  fore ign  matter wi th in  the  

o r i f i c e  does not occur and eventual ly  w i l l  c log  t h e  apparatus.  I n  

recent experiments w e  were a b l e  t o  run the  apparatus  f o r  s e v e r a l  days,  

severa l  hours each day, without clogging. 

i n  the f l u i d  in t ake  system, t h e  o r i f i c e  s t r u c t u r e  w a s  a l s o  modified 

f o r  ease  o f  assembly and manufacturing. Figure 9 shows the  o r i f i c e  

s t ruc ture .  Note t h a t  t h e  alignment problem of t h e  double ape r tu re  

s t ruc tu re  has been eliminated by v i r t u e  of t h e  manufacturing process 

of the t w o  p iece  s t r u c t u r e .  

apparatus i s  shown. 

introduced a t  po in t  B. 

incorporated i n  t h e  g l a s s  r e s e r v o i r  C. 

t h e  tube D i n t o  t h e  f i l t e r  housing E. 

a 20 micron n i cke l  f i l t e r .  The s o l u t i o n  then is  fed i n t o  t h e  head of 

t h e  assembly which incorpora tes  t h e  u l t r a s o n i c  generator  F and the  

orifice s t r u c t u r e  G .  

at  point  H. 
def lec t ing  and c o l l e c t i n g  assembly shown i n  Figure 11. 

ring A app l i e s  a charge t h a t  is propor t iona l  t o  t h e  volume of t h e  p a r t i c l e  

detected a t  t h e  o r i f i c e  j u s t  before  t h e  stream breaks i n t o  uniform 

droplets .  

t h e  charged d r o p l e t s  propor t iona l ly  t o  t h e i r  charge. 

After  ex- 

The so lu t ions  must be c a r e f u l l y  

Besides the  modif icat ions 

In Figure 10 the  e n t i r e  mechanical 

The l i q u i d  is inse r t ed  a t  opening A. A i r  is  

The a i r  is  f i l t e r e d  by a s i n t e r e d  g l a s s  f i l t e r  

The l i q u i d  is  then fed through 

This f i l t e r  housing incorpora tes  

The l i q u i d  under pressure  emerges as a stream 

This uns tab le  l i q u i d  j e t  is then passed through the  charging- 

The charging 

The d e f l e c t i o n  p l a t e s  B form an  electrical f i e l d  d e f l e c t i n g  

The c o l l e c t i n g  
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assembly C conta ins  an  ad jus t ab le  member with s i x  cavi t ies  spaced 

about .050 inches apa r t .  

is co l l ec t ed  by means of f l e x i b l e  tubing i n t o  l a r g e  conta iners  with 

t h e  a i d  of a vacuum. 

I n  tu rn  the l i q u i d  co l l ec t ed  i n  these  c a v i t i e s  

o r i f i c e  having an ape r tu re  of d = 80 micron diameter with a length  of 

R = 100 micron. The r e s i s t a n c e  of the  sy l inde r  is 

Preliminary r e s u l t s  with the  apparatus i n d i c a t e  t h a t  de t ec t ion  of 

smdl p a r t i c l e s  can be  achieved and separa t ion  by d e f l e c t i o n  can be  

a t t a ined .  

Following is  a t h e o r e t i c a l  ana lys i s  of t he  r e s i s t i v i t y  changes expected 

and a c o r r e l a t i o n  with some preliminary r e s u l t s .  

L 4a 
A II d-- R = C - = C 4  

I f  an in su la t ing  p a r t i c l e  of diameter dl and length  R1 en t e r  the  ape r tu re ,  
t h e  r e s i s t a n c e  w i l l  be 

p c  *4(11-11.), + 4t1 
nd 2 R1 

n(d2-dl ) 

theref  o r e  
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where C is the resistivity of the conductive suspending solution. 

For normal saline solution: 

C = 50 ohm-cm 

Therefore for the dimensions given above: 

The experimental measured resistance of the orifice is 11,500 ohms. 

For a particle having the dimensions of human red blood cell (d = 6 

microns and L = 2 micron): 1 

6 2 - 1.12 ohms 
(- 1 4 x 2 lo4 

-4 2 80 
II (80 x 10 ) 

AR - 50 

With a detection current of 380 x lom6 amperes flowing through the 

orifice the voltage differential due to this size cell in the orifice 
will be : 

AV - 1.12 x 380 x = 425 x lom6 volts. 

3 In our apparatus this voltage is amplified by 10 . Therefore the output 
amplified voltage should be: 

AV = 425 x x lo3 - .425 volts. 
0 

Figures 12 and 13 show the signal derived by passing human red blood 

cells through the cell detector with the experimental conditions indicated 

above. 

Figure 

Figure 10 with a sensitivity of 50 v sec/cm. It is obvious from 

The vertical sensitivity of both pictures is 0.200 volts/cm. 

12 was taken with a horizontal sensitivity of 1 msec/cm while 
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Figure 13 that the concentration of the solution was too great since 

coincidence is observed. 

The noise in the system is less than 20 mv which is equivalent to: 

= 2- - 20 1 0 - ~ ~ ~ l t ~  "noise 

at the input. 

This represents an equivalent noise resistance of 

= .OS2  ohms. 2 x 

Rnoise 38 x 
U 

This noise resistance can he further correlated to the equivalent particle 

volume, 

= 9.3 ohms/p 3 
Rno i se / unit volume 

3 or a noise level equivalent to a 2.611 particle. All of the above 
theoretical results correlate very closely to the experimental signals 
observed in the apparatus. 
cells was performed, with somewhat disturbing results. First indications 
are that the apparatus tends to destroy the cells. This phenomenon 
has not been investigated extensively, hut it is believed that the rapid 
changes in pressure and the additional vibration induced by the ultra- 

sonic generator causes these cells to burst. Further investigation 
on the viability of white cells is scheduled in the near future. 

future plans include separation of a blood cell mixture, white from 
red. 

Some preliminary experimentation with white 

Our 

D. High Speed Fluorescent Cell Separation 

The cell separation system described in previous reports has been 
modified mechanically,optically and electronically for the specific 
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FIGURE 10 

CELL SEPARATOR 
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5 e  arated 
5 P rezm!! 

FIGURE 11 

Charging, Deflect ing,  Collecting Apparatus. 
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FIGURE 12 

200 mv/cm vertical 
1 msec/cm horizontal 

FIGURE 13 

200 mv/cm vertical 
500 psec/cm horizontal 
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purpose of rout ine  separa t ion  of f luorescent  c e l l s  from a heterogenous 

sample. All major funct ions of the  system have performed s a t i s f a c t o r i l y .  

FIGURE 14 

Figure 1 4  shows the  present  form of the j e t  forming and de f l ec t ion  module. 

The transducer mounting has been f i t t e d  with X,  Y and Z pos i t ion ing  

adjustments f o r  p rec i se  i n i t i a l  aiming of the  d rop le t  stream. A 

secondary low magnification o p t i c a l  t r a i n  f a c i l i t a t e s  observat ion of 

t he  drople t s  upon a r r i v a l  a t  a mul t ip le  p o r t  c o l l e c t o r .  

the  co l l ec to r ,  shown i n  Figure 15, d i r e c t s  separa ted  d rop le t s  and cells 

t o  ind iv idua l  15 m l .  tubes f o r  subsequent tests. A low pressure  vacuum 

common t o  all tubes and p o r t s  prevents  l i q u i d  s p i l l a g e  by removing 

accumulated l i q u i d .  The tube holder  is shown i n  Figure 16. 

Each p o r t  of 
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FIGURE 15 

1 

FIGURE 16 
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A test  waveform cons i s t ing  of a 25 psecond + 50 v o l t  pu lse  avpl ied 

every f i f t h  d rop le t  period produced the  d e f l e c t i o n  shown I n  Fiaure 17. 

FIGURE 1 7  

I n  t h i s  region of  t he  d r o p l e t s t r e a m t h e  d rop le t s  are passing between 

t h e  de f l ec t ion  plates and an increas ing  d e f l e c t i o n  of  t h e  charRed 

d r o p l e t  is noted. Figure 18 shows the  r e s u l t  of applying a l i n e a r  

ramp of + 125 v o l t s  and 5 d r o v l e t  per iods du ra t ion  t o  charge t h e  stream. 

FIGURE 18 
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I 

. 

I n  t h e  ins tances  noted, t h e  drople t  d e f l e c t i o n s  were produced by charg- 

ing pulses  synchronously r e l a t e d  t o  t h e  d r o p l e t  generat ion rate. 

Because f luorescent  c e l l s  w i l l  appear randomly spaced i n  the  je t  stream 

an a l t e r n a t i v e  method of d rop le t  charging w i l l  be used. The unbroken 

j e t  stream w i l l  be so posi t ioned on t h e  microscope s t age  t h a t  a poin t  

i n  t h e  j e t  stream some 150 microns from t h e  forming d rop le t  w i l l  be 

o p t i c a l l y  centered. A c i r c u l a r  mask i n  t he  p ro jec t ion  plane of t he  

microscope w i l l  permit a mul t ip l i e r  phototube t o  r ece ive  fluorescence 

information from a 100 micron diameter area centered on t h e  point  noted. 

When a f luorescent  ce l l  is detected,  a pulse  de lay  w i l l  be i n i t i a t e d  

l a s t i n g  f o r  some 12.5 microseconds, 

unbroken j e t  stream w i l l  be charged f o r  a period s l i g h t l y  i n  excess of 

a d rop le t  formation period. The delay pulse ,  t h e  e a r l y  start ,  and 

l a t e  end of t h e  charging pulse  w i l l  increase  the  p robab i l i t v  of the  

target c e l l  being wi th in  the  charged d rop le t  a t  t h e  time the  drople t  

separa tes .  The d rop le t  so charged w i l l  be guided t o  a defined c o l l e c t i o n  

po r t .  Some unce r t a in t i e s  evident ly  remain. A nonfluorescent cell  could 

pass undetected i n t o  the  forming droplet  immediately before  o r  a f t e r  

A t  t h e  end of  t h i s  delay the  

a f luorescent  cell .  A c a r e f u l  choice of ce l l  suspension dens i ty  would 

reduce t h i s  p o s s i b i l i t y  t o  the  desired degree. 

charging pulses  can be  adjusted i n  l ength  t o  optimize separat ion.  

Both the  delay and 

Severa l  tests have been made of the instrument.  Detect ion s e n s i t i v i t y  

and de f l ec t ion  accuracy are sa t i s f ac to ry .  Total and p a r t i a l  blockages 

of t h e  j e t  nozzle have occurred but not o f t e n  enough t o  c o n s t i t u t e  a 

s e r i o u s  problem. 

monitor an experiment. A t  the  present t i m e  the o p t i c a l  information reaches 

e i t h e r  a phototube o r  t he  eye o f  t h e  experimenter. Work w i l l  be car- 

r i e d  ou t  t o  permit simultaneous i l luminat ion of t h e  d rop le t  stream by 

both arc and s t roboscopic  l i g h t  sources.  

s u i t a b l e  co lo r  f i l t e r  would then re lay  morphological and pos i t i ona l  

information t o  the  experimenter for poss ib l e  remedial ac t ion .  

It would nevertheless  b e  of some value t o  continuously 

A l o w  loss beam s p l i t t e r  with 
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E. IBM C e l l  Separator  

1. Instrumentation and Methods 

W e  have been loaned a ce l l  separa tor  and i d e n t i f i e r  developed by t h e  

Watson Laboratories of IBM under t h e  d i r e c t i o n  of D r .  L. A. Kamentsky . 
This uni t  operates on photoe lec t r ic  s i g n a l s  generated by passage of 

cells through an i l luminated channel ( 1 0 0 ~  c ross  sec t ion  i n  our ex- 

5 

periments). 

simultaneously by four  sepa ra t e  photomult ipl ier  tubes,  through the  use 

of appropriate  f i l t e r s  and/or d ichro ic  mirrors .  

As many as four  d i f f e r e n t  s p e c t r a l  regions can be viewed 

Our i n i t i a l  experiments with t h i s  u n i t  have been d i r ec t ed  toward s tud ie s  

of fluorochromasia, t h e  appearance of fluorescence i n  cells because of 

enzymatic hydrolysis  of nonfluorescent f luoresce in  d i a c e t a t e  (FDA) t o  

give fluorescein,and i t s  r e t e n t i o n  wi th in  the  ce l l  . W e  are attempting 

t o  learn i f  t h i s  phenomenon can be used as a measure of v i a b i l i t y .  R a t  

thoracic  duct lymphocytes have been used i n  most of the  work, furnished 

by D r .  Thomas Barclay of t h e  Stanford Radiology Department. 

w e  have run some tests on chicken and human blood plasma. 

6 

I n  addi t ion  

I n  these tests fluorochromasia is  developed by mixing t h e  samples with 2 

II lirers per  m l .  of a .5X so lu t ion  of FDA i n  acetone. 

i n t e r f e r i n g  substances of low molecular weight are removed by spinning 

the  cells down i n  a low speed cent r i fuge  and resuspending i n  the  chosen 

medium prior t o  adding FDA.) 
concentration of about 1.5 x 10 

channel. The channel is i l luminated with b lue  l i g h t  from a high pres- 

s u r e  mercury source,  using a 4 mm BG 1 2  f i l t e r  and a dark f i e l d  condenser. 

( In  some cases 

The r e s u l t i n g  mixture is d i l u t e d  t o  a 
5 cells/ml before  passing through t h e  

'L.A. Kamentsky, M. R. Melamed and H. Derman, Science 150, 630, 1965. 

B. Rotman and B. W. Papermaster, Proc N a t l  Acad Sc i ,  55, 134, 1966. 
6 
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A photomuliplier is  used t o  de t ec t  the p a r t i c l e s  which scatter t h e  in- 
c iden t  l i g h t .  

Beckman model 7360 events per u n i t  time meter and is  assumed t o  represent  

t o t a l  c e l l  count. 

a f t e r  t h e  emergent l i g h t  is passed through a 1 nun GG14 f i l t e r  which 

w i l l  t ransmit  t he  f luorescent  s igna l s  but  no t  t he  inc ident  l i g h t .  

counts are r e l a t i v e ,  s ince  s i g n a l s  are not always high w i t h  respec t  

t o  t h e  background noise .  However, comparisons of scatter counts with 

hemocytometer counts on the  same sample i nd ica t e  t h a t  e s s e n t i a l l y  a l l  

cells  give de t ec t ab le  s i g n a l s  i n  t h i s  channel. 

channel i s  governed by fluorescence of f luoresce in  (from hydrolyzed FDA) 

i n  t h e  l i qu id  medium, and thus va r i e s  from time t o  t i m e  and from sample 

t o  sample. To minimize problems from t h i s  v a r i a t i o n  most counts i n  

t h i s  channelhave been made a t  a t r i g g e r  l e v e l  corresponding t o  four  t i m e s  

t h e  background noise  l e v e l  without f luorescent  l i qu id  i n  the  channel. 

I n  an at tempt  t o  remove t h i s  problem, w e  are cur ren t ly  t ry ing  t o  eon- 

stract channels approximately 25p i n  c ros s  sec t ions .  Such s m a l l  chan- 

n e l s  have been found by Dr. Kamentsky t o  reduce the  noise  dramatical ly  

i n  h i s  experiments, as might be  expected. 

The number of such p a r t i c l e s  i s  determined with a 

The number of f luorescent  cel ls  is  counted s i m i l a r l y  

Both 

Noise i n  t h e  fluorescence 

An X-Y osc i l loscope  is ava i l ab le  on the  instrument,  with shaping c i r c u i t s  

allowing it t o  present  a dot  d i sp lay  of t h e  peak vol tage  generated by 

each pulse.  

2. Resul ts  

F i r s t  experiments were intended t o  determine general  c h a r a c t e r i s t i c s  

of t h e  fluorachromatic reac t ion .  

a. Corre la t ion  of scatter and fluorescence 

Typical photographs from the osc i l loscope  are presented i n  

Figures 19 and 20, taken during assay of a cel l  suspension 

i n  phosphate buffered saline (PBS). I n  these  f igu res  
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FIGURE 19 

FIGURE 20 

the horizontal a x i s  represents sca t ter ,  the ver t i ca l  a x i s  

fluorescence. 

been apparent on any of the photographs taken, indicating 

l i t t l e  correlat ion between the two s igna l s .  

N o  w e l l  defined grouping of t h e  dot pattern has 
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b. A b i l i t y  t o  r e s t a i n .  

The fluorochromatic reac t ion  requi res  t h a t  cells  s p l i t  FDA, 

but  r e t a i n  t h e  r e s u l t i n g  f luoresce in  f o r  some period of t i m e  

(general ly  hours).  

i n t o  the  suspending medium eventual ly ,  and the  number of 

f luorescent  cells  decreases t o  zero. 

t o  s p l i t  FDA again a f t e r  such decay was checked by spinning 

down such cells and r e t r e a t i n g  with FDA. 

l o s s  i n  s t a i n i n g  a b i l i t y  was found, i nd ica t ing  t h a t  t he  cel ls  

were probably s t i l l  viable .  

The f luoresce in  appears t o  be re leased  

The a b i l i t y  of cells 

No appreciable  

C .  Effec t  of KCN. 
7 Bodmer has found t h a t  KCN and o ther  metabolic i n h i b i t o r s  

r e t a r d  l o s s  of fluorochromasia. 

but  found t h a t  concentrations a b l e  t o  exe r t  appreciable  e f f e c t s  

prevented r e s t a in ing  of t h e  type r e fe r r ed  t o  i n  B above and 

thus  probably led  t o  the  death of the  cells. Such an e f f e c t  

of a metabolic i n h i b i t o r  ind ica tes  t h a t  t ranspor t  of t h e  

f luo resce in  across  the  cell membrane is an active process,  

We corroborated t h i s  f inding 

u t i l i z i n g  metabolic energy. 

d. E f fec t  of medium on fluorochromasia. 

A series of tests w a s  made using var ious  media t o  determine 

t h e  e f f e c t  of t h e  media on t h e  fluorochromatic reac t ion .  

Media used includedphosphate buffered s a l i n e ,  Ringers so lu t ion ,  

l a c t a t e d  Ringers so lu t ion ,  199 growth medium, and combinations 

of each of these  with 1 to 10% f e t a l  c a l f  serum. The most 

e f f e c t i v e  medium for  maintaining f luorochromasia w a s  medium 

199 with 5 t o  10% fe t a l  calf  serum added. 

Development of Fluorochromasla w a s  r e l a t i v e l y  slow, r equ i r ing  

7W. Bodmer, Genetics Department, Stanford University,  Personal 
Communication. 
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from 15 minutes t o  an hour t o  reach peak value.  

high concentrat ion required seve ra l  hours t o  drop t o  50% of 

peak, but  var ied  widely depending on cel l  treatment. Decay 

a t  lower concentrat ions w a s  more rapid.  

Decay a t  

Decay of fluorescence w a s  slowest i n  the  f e t a l  c a l f  serum 

(PCS) so lu t ions .  

i n  these  so lu t ions .  

sorp t ion  of the  FCS p ro te ins  t o  the  c e l l  w a l l s ,  providing an 

e x t r a  b a r r i e r  t o  release of t h e  polar  f luoresce in  molecules. 

This may i nd ica t e  increased ce l l  v i a b i l i t y  

There may a l s o  have been physical  ad- 

The decay w a s  more rapid  i n  d i l u t e  so lu t ions .  However, t he  

v a r i a t i o n  with concentrat ion w a s  less than would have been 

expected i f  passive d i f fus ion  governed, again ind ica t ing  

a p robab i l i t y  of active t ranspor t  of f luorescein.  The e f f e c t  

of d i l u t i o n  w a s  greatest la te  i n  the  experiment, probably 

because of l o s s  of v i a b i l i t y  of t h e  cells  as t i m e  went on. 

Data f o r  experiments comparing the  maximum FC developed 

i n  var ious so lvents  as a funct ion of ce l l  age s ince  co l l ec t ion  

are shown i n  Figure 21. 

i n  the  o r i g i n a l  so lu t ion  u n t i l  j u s t  before  the  measurements. 

It is obvious from these  da ta  t h a t  t he  media containing f e t a l  

ca l f  serum were a b l e  t o  maintain t h e  fluorochromasia of cells  

longer. 

I n  a l l  cases the  cells  were kept 

e. Effect  of machine treatment on fluorochromatic a b i l i t y .  

A series of experiments were conducted t o  determine t h e  e f f e c t  

of passage through t h i s  instrument,  or through such o the r  

apparatus as t h e  Coulter cell  counter or t he  cell separa t ion  

u n i t s  being developed here ,  on t h e  a b i l i t y  t o  develop FC. 

I n i t i a l  tests using PBS as t h e  suspension medium indicated 

t h a t  only t h e  present  equipment maintained t h i s  a b i l i t y .  



However, use of various solutions of fetal calf serum in PBS 
improved the situation strikingly, with maximum retention in 

5 to 10% fetal calf serum. Since such concentrations also 

maintain FC in aged cell populations, the cells passed through 
the various instruments may still have been damaged to some 

extent. Conventional viability tests to determine this, as 

well as the relationship between FC ability to grow, are now 

In progress. 

56 



m 

2 0 

V 

Lc 
0) 
U 
U 

v) 

0 
U 

m 
U 

0 
V 
U 

0 
m 
0) 
Lc 

4 a 
W 
0 

0 
4 

s 

s 

8 

s 

2 

~ 

.7  

.6 

.5 

.4 

. 3  

.2 

.1 

in  Medium 199 with 5% Fetal Calf Serum 

in Ringers solution with 
5% Fetal Calf Serum 

in  Medium 199 

in  Ringers solution 

I 

50 100 
Time (minutes) 

Fluorochromasia as a function of storage t i m e  and suspending medim. 

FIGURE 21 

57 



PUBLICATIONS 

PAPERS AND REPORTS 

October 1, 1967 to March 31, 1968 

REPORTS 

1. R. B. Tucker, "A Mass Spectrometer Data Acquisition and Analysis 
System" Technical Report No. 1063. 

2. Joshua Lederberg, "DENDRAL, A System for Computer Construction, 
Enumeration and Notation of Organic Molecules as Tree Structures 
and Cyclic Graphs", Part 111, Complete Chemical Graphs; Embedding 
m * . - -  > .  m 
nAiisa 111 L L ~ ~ I J .  

3. "Molecular Biology Applications of Mass Spectrometry", Final Report 
for Air Force Office of Scientific Research, Contract AF 49(638)-1599, 
(Technical Report No. IRL 1073). 
(This report covers work closely related to research carried out 
under the NASA grant .) 

PUBLICATIONS 

1. D. Nitecki, B. Halpern, J. W. Westley, "A Simple Route to Sterically 
Pure Diketopiperazines", J. Org. Chem. - 33, 864 (1968). 

2. B. Halpern, A. Wegman, V. Close, J. W. Westley, "G.L.C. of Amino 
Acids as N-thiocarbonyl Ester Derivatives", Tetrahedron Letters, 
in press (1968). 

3, B. Halpern, J. W. Westley, D. Nitecki, "The Configuration of Echinulin 
by Thin Layer Chromatography", Tetrahedron Letters, in press (1968). 

4. J. L. Garnett, S. W. Law, J. 0. Keefe, K. Turnbull and B. Halpern, 
"Tritium Labelling of Optically Active Amino Acids by the Wilzback 
Procedure", Chem. Corn., submitted for publication (1968). 

5. J. W. Westley and B. Halpern and B. L. Urger, "Factors Affecting 
the Separation of Diastereoisomeric Compounds by G.L.C.", 
Analytical Chem., submitted for publication (1968). 

58 



6. PCerre Crabbe, Elvira Santos and B. Halpern, "Cotton Effect of  
Dlmedone Condensation Cmpoinds with Optically Active Amines", 
Tetrahedron Letters , i n  press (1968) 

Pierre Crabbe, Elvira Santos and B. Halpern, "Cotton Effect of 
Dlmedone and Dihydroresorcinol Condensation Compoindr of Amino 
Acids and Peptides", Tetrahedron Letters, i n  press (1968). 

7. 

I 

' I  

59 


