
ENVIRONMENTAL LETTERS, 5(4), 237-248 (1973) 

ISOLATION OF METAL-BINDING AGENTS FROM 
COAL DUST AND THEIR EFFECTS ON , 

MITOCHONDRIAL FUNCTION 

Victor J. E l i a ,  La l i t ha  Murthy and Harold G. Peter ing 

Kettering Laboratory 
Department of Environmental Health 

College of Medicine 
University of Cincinnat i  
Cincinnat i ,  Ohio 45219 

ABSTRACT 

Bituminous coa l  samples from mines i n  Utah and Pennsyl- 

vania were ex t rac ted  with a series of organic solvents ,  used 

i n  order of increasing polar i ty .  The extracted mater ia ls ,  

amounting t o  58-70 mg/g of Utah coa l  and 12-15 mg/g of 

Pennsylvania coa l ,  w e r e  each f rac t iona ted  on a carboxymethyl 

ce l lu lose  column i n  t h e  Cu (11) form. The copper-complexing 

f r ac t ions  f o r  Utah and Pennsylvania were 30% and 22%, 

respec t ive ly ,  of t h e  t o t a l  ex t rac t .  Copper-binding capaci ty  

w a s  400 ug copper/g Utah coal  and 40 ug/g f o r  Pennsylvania. 

The copper-binding l igands from both coa ls  uncoupled 

oxidat ive phosphorylation of i so l a t ed  ra t  l i v e r  mitochondria, 

a system containing copper and i r o n  metalloenzymes. The 

inh ib i to ry  a c t i v i t y  pe r  gram of ex t rac ted  mater ia l  was 

higher  f o r  Pennsylvania than Utah. These r e s u l t s  suggest 
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ELM, MURTHY, AND PETERING 

t h a t  t h e  ex t r ac t ion  and' absorption of metal-binding agents 

from coa l  may adversely a l te r  v i t a l  c e l l u l a r  energet ics .  

Coal dust  and its effects on human health is  of concern 

because of t h e  prevalence of resp i ra tory  d isorders  incurred 

by coa l  mine workers . I n  epidemiological s tud ie s  it has 

been found t h a t  10% of working miners showed d e f i n i t e  

rad io logica l  evidence of pneumoconiosis*' 3. 

revealed t h a t  near ly  50% of working miners suf fe red  from 

some degree of dyspnea3. 

1 

Another survey 

Several  i nves t iga to r s  are studying t h e  e f f e c t s  of coal  

as a particle. However, i n  the present  study coa l  dust  is 

being inves t iga ted  a s  a c a r r i e r  of chemicals. coal dust has 

been shown t o  conta in  s ign i f i can t  amounts of heavy metals 

- such as Fe, Ni, A l ,  Cd, Pb, and many I n  t h i s  

paper w e  a r e  concerned with the  nature  of t h e  organic 

chemicals i n  coa l ,  p a r t i c u l a r l y  i n  the presence of m e t a l -  

binding agents,  It is our contention t h a t  metal-binding ' 

l igands i n  coa l  ( i f  extractable and absorbed) may i n t e r f e r e  

with t r a c e  metal metabolism by in t e rac t ing  w i t h  e s s e n t i a l  

trace metals. I n  t h i s  manner, they may act as metalloenzyme 

inh ib i to r s  and thus  may play an important r o l e  i n  health 

effects such a s  pulmonary, cardiovascular,  neoplas t ic ,  and 

col lagen d iseases  i n  which a l t e r a t i o n s  of trace metal 

metabolism have been implicated. 

Metal-binding agents have been i so l a t ed  from tobacco 
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smoke condensate6 and from the  smoke of other  burned 

vegetable m a t t e r 7 .  

severa l  metalloenzyrnes, i. e., galactose oxidase and catalase8 

These cons t i tuents  w e r e  found t o  i n h i b i t  

as w e l l  a s  t o  i n h i b i t  t h e  i n  v i t r o  function of copper-and 

iron-requiring b io log ica l  systems such as r e sp i r a to ry  ac t i -  

v i t y  of ra t  l i v e r  slices and uncoupling of rat  l i v e r  

mitochondria (V. E l i a ,  unpublished r e s u l t s ) .  

Therefore, the  goal  of t h i s  study w a s  a) t o  devise  a 

method f o r  ex t r ac t ion  of coal  dust ;  b) t o  e s t a b l i s h  whether 

t h e  ex t r ac t s  conta in  metal-binding agents: and c) t o  obtain 

evidence t h a t  these  agents may i n t e r f e r e  w i t h  trace metal 

metabolism o r  act as i nh ib i to r s  of metalloenzyme-requiring 

b io logica l  systems. 

Two types of bituminous coa l ,  one obtained from a mine 

i n  Pennsylvania and the other  from a mine i n  U t a h  w e r e  

examined; The Pennsylvania coa l  is  a harder  va r i e ty ,  

contains  more heavy metals,  and causes higher  incidence of 

coa l  miner 's  pneumoconiosis i n  comparison t o  the  Utah coal2. 

EXPERIMENTAL 

Mater ia ls  

Acetone (MCB, reagent)  and 4-methyl-2-pentanone (MIBK) 

Eastman, b.p. 114-116') w e r e  used as received. Carboxy- 

methyl ce l lu lose  (Cellex CM) w a s  obtained i n  t h e  sodium 

form from Bio-Rad Laboratories.  The coa l  samples w e r e  
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supplied by the  National I n s t i t u t e  of Occupational Safety 

and Health ( N I O S H ) .  

Extract ion of Coal D u s t  

The method of ex t rac t ion  selected was an organic solvent 

procedure beginning with solvent of low p o l a r i t y  and then 

increasing solvent  po la r i ty .  The Pennsylvania or  Utah coal  

d u s t  (25g) w a s  placed i n t o  a 250 m l  cen t r i fuge  b o t t l e  and 

200 m l  of t he  appropriate  solvent was added. The ex t rac t ion  

was carried out by s t i r r i n g  t h e  mixture with a magnetic 

stirrer f o r  24 hours a t  room temperature. The coa l  was 

ex t rac ted  th ree  t i m e s  successively with MIBK; MIBK: acetone 

(1:l); acetone; MIBK: acetone: 95% ethanol (1:2:1) ;  MIBK: 

acetone: 80% ethanol  (1:2:1); and f i n a l l y  with 5% ethanol in 

water t o  a c t  a s  a wetting agent. The organic solvent 

e x t r a c t s  were combined and the  f i n a l  water e x t r a c t s  w e r e  

considered separately.  The metals were removed from t h e  

water ex t r ac t s  by ad jus t ing  the  pH t o  7.0, evaporating the 

supernatant t o  near dryness,  redissolving i n  10% ammoniacal 

ethanol and passing over a CMC-Kt column. 

Fract ionat ion on Carboxymethyl Cel lulose i n  t h e  Cu (11) Form 

The method used was tha t  previously described f o r  

f r ac t iona t ion  of tobacco smoke condensate and the  smoke 

condensate from l e t t u c e  c i g a r e t t e s  6 f  ’. 
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Assay f o r  Uncouplinq Oxidative Phosphorylation by Iso la ted  

Rat Liver  Mitochondria 

Sprague-Dawley male r a t s  weighing 150-200g w e r e  sacr i -  

f i ced  by decapi ta t ion  and the  l i v e r s  w e r e  immediately removed, 

placed i n  50 ml of ice-cold i s o l a t i n g  medium (0.014 T r i s  

pH7.4, 2mM EDTA, 0.21M mannitol and 0.07M sucrose)  and 

r insed  once with i s o l a t i n g  medium. The mitochondria w e r e  

i s o l a t e d  according t o  the method of Ozawa e t  al. The 9 

mitochondria1 pel le t  from ha l f  of t h e  l i v e r  was ca re fu l ly  

suspended i n  2.0 m l  of r e sp i r a to ry  medium (0.34 mannitol, 

0.014 KC1, 0.014 Na X2PO4, 0.0025g MgC12 and O.OOOzM_ EDTA) 

a t  O O C .  

Oxygen uptake w a s  measured by a Clark type polarographic 

e lec t rode  at tached t o  a Y S I  Model 53 Biological  Oxygen 

Monitor (Yellow Springs Instrument Co.). The e f f e c t s  of t h e  

coa l  f r ac t ions  on uncoupling were determined by adding 0.2 ml 

of mitochondria1 suspension t o  2.6 m l  of r e sp i r a to ry  medium 

which w a s  preincubated and sa tura ted  w i t h  a i r  a t  25OC. Then 

0.1 ml of 0.114 succ ina te  was added followed by the addi t ion  

of 5 ul of 0.005g ADP; A f t e r  r e s p i r a t i o n  returned t o  the  

succinate  rate, 0 .1  m l  of a coa l  f r a c t i o n  w a s  added followed 

by addi t ion  of 5 u l  of ADP. The r e sp i r a to ry  con t ro l  index 

and ADP:O r a t i o s  w e r e  ca lcu la ted  by t h e  method of Chance and 

Williams . 10 
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R e s u l t s  

The organic ex t rac t  from the  Utah coa l  contained 

material  equivalent t o  58-70 mg/g of coal ,  and the Pennsyl- 

vania ex t rac t  contained material  equivalent to 12-15 mg/g of 

CX-H' 
10% ammoniacal- 

ethanol 

coal. The organic ex t r ac t s  w e r e  free of metals w h i l e  the  

water ex t rac ts  contained metals. 

In  order t o  e s t ab l i sh  the  presence of metal-binding 

agents i n  the ex t r ac t s ,  the  whole organic ex t rac t  from each 

coa l  was chromatographed on carboxymethyl ce l lu lose  i n  

Cu (11) f o r m  (CMC-CUII) , This not only achieved separation 

of the  ex t rac ts  i n t o  non-complexing and copper-complexing 

fract ions,  but a l s o  provided a measure of the copper-binding 

ab i l i t y .  

As'shown i n  Figure 1, elut ion w i t h  MIBK gave I-F1, a 

FIG. 1 

m ( i n  MIBK) 

I-F1 I-F 2 
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non-complexing f r a c t i o n  containing hydrocarbons, polynuclear 

aromatics and weakly binding l igands;  e l u t i o n  w i t h  E tOH gave 

I-F2, a copper-complexing f r ac t ion  cons is t ing  of protonated 

l igands e lu t ed  as non-charged copper-chelates, L,M; and 

e l u t i o n  with 10% ammoniacal e thanol  gave I-F3' a copper- 

complexing f r a c t i o n  made up of s t ronger  binding l igands  
+ 2  - 

e lu t ed  as ion izable  complexes of the type CuL, 2x , 

The f r e e  l igands  w e r e  obtained by passing these  f r ac t ions  

Over a CMC-Kf column. 

w h i l e  the free l igands  a r e  e lu ted  from t h e  column. 

The copper remains on t h i s  column 

The amount of copper removed by each f r a c t i o n  and the  

weight of each f r a c t i o n  are shown i n  T a b l e  1. I n  t h e  case 

of the U t a h  extract, t h e  I-F1 f r a c t i o n  (42;9 xrg) was about 

70% of the t o t a l  extract while t h e  corresponding f r ac t ion  

from the Pennsylvania coa l  was 78% of the t o t a l  ex t r ac t .  

The t o t a l  copper binding capaci ty  was approximately 400 ug/g 

f o r  the U t a h  e x t r a c t  versus 40 ug/g f o r  t h e  Pennsylvania 

extract. The weight of mater ia l  and the copper-binding 

capac i ty  f o r  the U t a h  coa l  i s  10-fold g r e a t e r  than t h a t  of 

the Pennsylvania. On the b a s i s  of t h e  weight of the e x t r a c t  

o r  f r a c t i o n  however I t h e  copper-binding capaci ty  i s  near ly  

t h e  same f o r  bo th  c o a l s  (Tab le  1). 
b 

Analysis of t hese  f r ac t ions  f o r  benzo(a)pyrene 

demonstrated that  B ( a ) P  i s  present  i n  the I-F1 f r a c t i o n  and 

t h a t  the amounts i n  these  coa ls  a r e  g r e a t l y  d i f f e r e n t ;  The 

U t a h  coa l  contained 75 times more B ( a ) P  than t h e  Pennsylv- 

vania  coa l  (52 ug/g coa l  and 0.7 ug/g, respec t ive ly) .  
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TABLE 1 

copper Removed from CMC-CU(I1) Column 
Cu Removed 

a Sample Eluent W t .  mq/q- esuiv. Ug/g e w i v -  

UTAH: 
Whole ex t rac t  64.4 --- 
I-F1 b 

I-F 95% E t O H  11.3 244 

I-F 2 10% NH3 EtOH 10.2 128 

MIBK 42.9 6.0 

PENNSYLVANIA: 
Whole extract --- 13.6 --- 
I-FIC MIBK 10.6 3.8 

I-F2 95% E t O H  1.8 

I-F3 10% NH3-EtOH 1; 2 

25; 3 

11.7 

a Corrected f o r  column blank. BaP 52 ug/g equiv. 

BaP 0.7 ug/g equiv. 

I n  order t o  test  the e f f ec t s  of the coa l  ex t rac t  

f rac t ions  on the function of a metal-requiring biological  

system, we have examined t h e i r  a b i l i t y  t o  uncouple 

oxidative phosphorylation of r a t  l i v e r  mitochondria, a 

system containing copper and i ron  metalloenzymes. The  

r e s u l t s  presented i n  Table 2 show tha t  the  whole ex t rac t ,  

I-F1, and II-F2, a l l  completely uncouple a t  low l eve l s  while 

the II-F3 gives p a r t i a l  uncoupling at  t h e  l e v e l s  t e s t ed  - 
0.1 - 0.2 g eq./sample. 

t he  same e f f ec t  a s  t h a t  caused by 1.9 X 10-5M 2, 4 - dini t ro-  

6 

Complete uncoupling is  taken t o  be 

phenol (DNP), a known uncoupling agent. 

244 



METAL-BINDING AGENTS 

TABLE 2 

Effect of Coal Extract Fractions on Uncoupling Oxidative 

Phosphorylation of R a t  Liver Mitochondria 

Sample g equiv. /sample 

UTAH: 

Whole Organic Extract 0; 005 

0.01 

I I-F 2 0.05 

II-F3 0.10 

Water (Metal Free) 0.20 

PENNSYLVANIA: 

Whole Organic Extract 0.02 

I-F1 . 0.05 

11-F2 0.10 

II-F3 0.20 

Water (Metal Free) l ; o  

Conc., 
uq/ml* uncouplinq** 

107 4 - 4 -  

1 4 3  + +  
188 4 - 4 -  

3 4 0  + -  
101 + -  

91 + I -  

176 + +  
60 4 - +  

80 + -  
470 + -  

* Amount of extracted material  divided by the  3 m l  volume 

** + + Complete uncoupling is a reduction of the respiratory 
control  index ( R C I )  value t o  1.0. -I- - p a r t i a l  uncoupling 
is a 50% o r  grea te r  reduction of the RCI i n  comparison 
t o  control  value. 

- -  no uncoupling 

DISCUSSION 

The da ta  w h i c h  we have presented establish t h a t  

ex t rac t ion  of Pennsylvania and U t a h  coa l  w i t h  organic 

solvents  removes organic chemicals, that  p a r t  of these agents 
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a re  met al-complexing ligands and tha t  the met al-complexing 

ligands cause an uncoupling of oxidative phosphorylation i n  

rat l i v e r  mitochondria; 

The most s t r i k i n g  differences between t h e  Pennsylvania 

and Utah coals a r e  that the U t a h  whole ex t rac t  and fractions 

contain 6 - 10 t i m e s  more material than the corresponding 

Pennsylvania f rac t ions  and tha t  there is a 10 fold difference 

i n  t he  copper-binding capacity between these coal samples. 

The biological e f f ec t s  of the fractions from both coals 

were assessed using uncoupling of oxidative phosphorylation 

of rat l i v e r  mitochondria as the c r i t e r ion  €or inhibitory 

. ac t iv i ty .  The whole extract  and the  I-F1 f rac t ion  probably 

cause blockage of the surface due t o  the hydrophobic nature 

I of these materials. However, t he  r e s u l t s  w i t h  II-F2 and 

II-F3 , which a re  w a t e r  soluble materials, establish tha t  

t h e  metal-binding ligands i n  these coal samples can adversely 

affect mitochondria1 oxidative phosphorylation. Since the 

Utah fractions contain about 6 - 10 t i m e s  more material than 

the corresponding Pennsylvania fractions and since the doses 

on a g-equivalent bas i s  required t o  produce the  same effect  

for  both coals were nearly the same, it appears t ha t  on a 

weight bas i s  the  Pennsylvania fractions contained the  

stronger inhibitors.  On the  other hand, however, it may be 

that the Utah f rac t ions  contained more inac t ive  material. 
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Metal-binding l igands  may a c t  by reducing the absorp- 

t i o n  and a v a i l a b i l i t y  of e s s e n t i a l  metals, increasing the  

r a t e  of excre t ion  of e s s e n t i a l  metals o r  increas ing  the 

a v a i l a b i l i t y  of t o x i c  metals. These agents  could cause 

a l t e r a t i o n  of the funct ion and/or synthes is  of metallo- 

enzymes by ac t ing  as subs t r a t e  competitors o r  i n  other  ways 

by in t e rac t ing  with t h e  metal moiety o f .  t h e  enzymes. I n  

addi t ion ,  che la t ing  agents  can react i n  v ivo  w i t h  metals t o  

form tox ic  chelates 

ACKNOWLEDGMENTS 

This  s tudy was supported by g ran t s  from USPH 

ES-00159 and NIOSH OH-00355, 

10 

2. 

3. 

4; 

5. 

6. 

REFERENCES 

Enter l ine ,  P. , Arch. Environ. Health 14, 189 (1967). 

Lainhart ,  W. S. , J. Occup. Med. 8 1 1 8  399 (1969). 

Lainhart ,  We S . ,  i n  Lainhart ,  W. S., Doyle, H. N., 
En ter l ine ,  P. E.,  Henschel, A., and Kendrick, M. A., 
Pneumoconiosis i n  Appalachian Bituminous Coal Miners, 
Pub. Health Ser. Publ. No. 2000, pp. 31-60 (1969). 

Nord, P. J. and Bingham, E., Trace Substances i n  
Environmental Health - I V  D. Hemphill, Ed., p. 341 
(1972) Universi ty  of Missouri, Columbia. 

Sorenson, J . R . J . ,  Kober, T. E. and Peter ing,  H.G., 
Am, Ind. Hyg. Assoc. J., i n  press. 

F i n e l l i ,  V. N . ,  Menden, E. E . ,  and Peter ing,  H. G. ,  
Environ. Sci .  Technol., 58 740 (1972). 

247 



ELIA, MURTHY, AND PETERING 

8.  F i n c l l i ,  V. N. and Petering, Ii .  G . ,  Arch. Environ. 
Health, 3, 97 (1972). 

9; ozawa, If; ,  Natori, S;, and Momose, K . ,  Chem. Pharm. 
Bul l . ,  15, 1095 (1967). 

10. Chance, B .  and Williams8 G.  R . ,  Nature, 1 7 5 8  1120 (1955). 

Received August 17, 1973 

Accepted August 28, 1973 

248 


