
Prof.  Adriano Mesquita Alencar	


Dep. Física Geral	



Instituto de Física da USP

Elementos Celulares e Microscopia	


Aula 14

C01

Fisica do Corpo Humano 	


(4300325)  



Teoria Celular
Em 1838, dois cientistas cujas pesquisas centradas na 
inspeção microscópica dos seres vivos propôs a Teoria 

Celular. Matthais Schleiden trabalhou com plantas e pode 
ter vindo com a maior parte da hipótese de que Theodor 
Schwann estendeu aos animais. O Teoria celular, como é 

aplicado hoje, diz:
1. Tudo o que vivo é composta de pelo menos uma 

célula. 
2. As células só pode ser feita a partir de células 

existentes, relacionados. 
3. O menor única coisa que pode ser considerado vivo 

é uma célula. 
4. As células de todos os seres vivos são mais 

parecidos do que diferentes.





Henrietta Lacks morreu de 
câncer cervical em 1951. Antes 
de morreu um cirurgião retirou 

amostras desse tumor e colocou 
em um prato de petri. Cientistas 

buscavam manter cultura de 
células humanas a décadas, mas 

eventualmente essas células 
morriam. As células do tumor de 

Henrietta eram diferente: elas 
duplicavam a cada 24 horas e 

nunca paravam de crescer. Elas 
se tornaram as primeiras células 
humanas imortais crescidas em 

laboratório. 1/8/1920 - 4/10/1951



George Gay, diretor do laboratório 
no Johns Hopkins Hospital, onde 

ocorreu a primeira cultura de células 
bem sucedida. Células HeLa.

The development of human cancer cell lines, John R. Masters, Nature Reviews Cancer 
2, 315-319 (April 2002) doi:10.1038/nrc775



As células HeLa foram utilizadas por Jonas Salk para testar 
a primeira vacina contra a poliomielite em 1953. As células 
HeLa eram facilmente infectadas por poliomielite, fazendo 
com que as células infectadas morresem [1]. Um grande 
volume de células HeLa foi necessário para os testes da 

vacina contra a pólio Salk, o que levou a Fundação Nacional 
para a Paralisia Infantil (NFIP) encontrar um local capaz de 
fazer uma produção em massa de células HeLa [2]. Na 

primavera de 1953, a fabrica de cultura de células foi fundada 
na Universidade de Tuskegee para abastecer Salk, bem como 

de outros laboratórios, com células HeLa [3]. Menos de um 
ano depois, a vacina Salk estava pronta para testes em 

humanos.



[1] Scherer, W. F.; Syverton, JT; Gey, GO (1953). "Studies 
On The Propagation In Vitro Of Poliomyelitis Viruses: Iv. 
Viral Multiplication In A Stable Strain Of Human Malignant 
Epithelial Cells (Strain Hela) Derived From An Epidermoid 
Carcinoma Of The Cervix". Journal of Experimental 
Medicine 97 (5): 695–710. 
[2] The development of human cancer cell lines, John R. 
Masters, Nature Reviews Cancer 2, 315-319 (April 2002) 
doi:10.1038/nrc775 
[3] Turner, Timothy (2012). "Development of the Polio 
Vaccine: A Historical Perspective of Tuskegee University's 
Role in Mass Production and Distribution of HeLa Cells". 
Journal of Health Care for the Poor and Underserved 23 
(4a): 5–10. doi:10.1353/hpu.2012.0151

http://dx.doi.org/10.1084%252Fjem.97.5.695
http://en.wikipedia.org/wiki/Digital_object_identifier
http://dx.doi.org/10.1353%2Fhpu.2012.0151


HeLa cells stained 
with antibody to actin 
(green), vimentin (red) 

and DNA (blue). 
Image courtesy of 

EnCor Biotechnology 
Inc.

“Se você pudesse acumular todas as células HeLa já 
cultivadas em uma escala, elas pesariam mais de 50 milhões 

de toneladas métricas, o equivalente a pelo menos 100 
Empire State Buildings. Outro cientista calculou que, se você 
colocasse todas as células HeLa já cultivadas lado a lado, 

elas embrulhariam a Terra pelo menos três vezes, 
abrangendo mais de 350 milhões pés.”

http://en.wikipedia.org/wiki/Actin
http://en.wikipedia.org/wiki/Vimentin
http://en.wikipedia.org/wiki/DNA
http://en.wikipedia.org/wiki/EnCor_Biotechnology_Inc.
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Fig. 7.5. Microbiological Safety Cabinets. (a) Class II vertical laminar flow, recirculating 80% of the
air and exhausting 20% of the air via a filter and ducted out of the room through an optional pathogen
trap. Air is taken in at the front of the cabinet to make up the recirculating volume and prevent
overspill from the work area. (b) Class II chemical safety cabinet with charcoal filters on extract and
recirculating air. (c) Class III non-recirculating, sealed cabinet with glove pockets; works at negative
pressure and with air lock for entry of equipment and direct access to autoclave, either connected or
adjacent. (d) Side view of Class III cabinet.
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Fig. 8.2. Multiwell Plates. Six-well, 24-well, and 96-well (microtitration) plates. Plates are available
with a wide range in the number of wells, from 4 to 144 (see Table 8.1 for sizes and capacities).

Fig. 8.3. Petri Dishes. Illustrated are dishes of 3.5-cm, 5-cm,
and 9-cm diameter. Square Petri dishes are also available, with
dimensions 9 × 9 cm. A grid pattern can be provided to help in
scanning the dish—for example, in counting colonies—but can
interfere with automatic colony counting.

using 5 mL of culture medium (see Table 8.1). The middle of
the size range embraces both Petri dishes (Fig. 8.3) and flasks
ranging from 10 cm2 to 225 cm2 (Fig. 8.4). Flasks are usually
designated by their surface area (e.g., 25 cm2 or 175 cm2, and
sometimes T25 or T175, respectively), whereas Petri dishes
are referred to by diameter (e.g., 3.5 cm or 9 cm).

Glass bottles are more variable than plastic because they
are usually drawn from standard pharmaceutical supplies.
Glass bottles should have (1) one reasonably flat surface,
(2) a deep screw cap with a good seal and nontoxic liner,
and (3) shallow-sloping shoulders to facilitate harvesting of

Fig. 8.4. Plastic Flasks. Sizes illustrated are 10 and 25 cm2 (Falcon,
B-D Biosciences), 75 cm2 (Corning), and 185 cm2 (Nalge Nunc)
(see Table 8.1 for representative sizes and capacities).

monolayer cells after trypsinization and to improve the
efficiency of washing.

If you require large cell yields (e.g., ∼1 × 109 HeLa cervical
carcinoma cells or 2 × 108 MCR-5 diploid human fibrob-
lasts), then increasing the size and number of conventional
bottles becomes cumbersome, and special vessels are required.
Flasks with corrugated surfaces (Corning, Becton Dickin-
son) or multilayered flasks (Corning, Nalge Nunc) offer an
intermediate step in increasing the surface area (Fig. 8.5). Cell
yields beyond that require multisurface propagators or roller
bottles on special racks (see Section 26.2.3). Increasing the
yield of cells growing in suspension requires only that the
volume of the medium be increased, as long as cells in deep
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Fig. 8.5. Multisurface Flask. The Nunc Triple-Flask with three
80-cm2 growth surfaces that are seeded simultaneously. Although
the growth surface is 240 cm2, the shelf space is equivalent to a
regular 80-cm2 flask. As the head space for gas phase is smaller, this
flask is best used with a filter cap in a CO2 incubator. (Photograph
courtesy of Nalge Nunc International.)

culture are kept agitated and sparged with 5% CO2 in air (see
Section 26.1).

8.2.2 Suspension Culture
Cells that grow in suspension can be grown in any type
of flask, plate, or Petri dish that, although sterile, need not
be treated for cell attachment. Stirrer bottles are used when
agitation is required to keep the cells in suspension. These
bottles are available in a wide range of sizes, usually in glass
(Bellco, Techne). Agitation is usually by a suspended paddle
containing a magnet, whose rotation is driven by a magnetic
stirrer (Fig. 8.6; see also Figs. 12.7 and 25.1). The rotational

Fig. 8.6. Small Stirrer Flasks. Four small stirrer flasks (Techne),
250-mL capacity, with 50–100 mL medium, on four-place stirrer
rack (Techne). Larger flasks, up to 10 L, are available (see also
Figs. 13.5, 26.1, 26.2).

speed must be kept low, ∼60 rpm, to avoid damage from
shear stress. Generally, the pendulum design is preferable
for minimizing shear. Suspension cultures can be set up as
replicates or can be sampled repetitively from a side arm or
the flask. They can also be used to maintain a steady-state
culture by adding and removing medium continuously (see
Section 26.1.1).

8.2.3 Venting
Multiwell and Petri dishes, chosen for replicate sampling
or cloning, have loose-fitting lids to give easy access to
the dish. Consequently, they are not sealed and require a
humid atmosphere with the CO2 concentration controlled
(see Section 9.2.2). As a thin film of liquid may form around
the inside of the lid, partially sealing some dishes, vented lids
with molded plastic supports inside should be used (Fig. 8.7).
If a perfect seal is required, some multiwell dishes can be sealed
with self-adhesive film (see Plate sealers in Appendix II).

Flasks may be vented by slackening the caps one full
turn, when in a CO2 incubator, to allow CO2 to enter or
to allow excess CO2 to escape in excessive acid-producing
cell lines. However, caps with permeable filters that permit
equilibration with the gas phase (Fig. 8.8) are preferable

Fig. 8.7. Venting Petri Dishes. Vented dish. Small ridges, 120◦

apart, raise the lid from the base and prevent a thin film of liquid,
e.g., condensate, from sealing the lid and reducing the rate of
gas exchange.

Fig. 8.8. Venting Flasks. Gas-permeable cap on 10-cm2 flask
(Falcon, B-D Biosciences).
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TABLE 9.3. Frequently Used Media

Component MEM DMEM F12
DMEM/

F12 αMEM
CMRL
1066

RPMI
1640 M199 L15

McCoy’s
5A Fischer

MB
752/1

Amino acids
L-alanine 1.0E-04 5.0E-05 2.8E-04 2.8E-04 2.8E-04 2.5E-03 1.5E-04
L-arginine 6.0E-04 4.0E-04 1.0E-03 7.0E-04 6.0E-04 3.3E-04 1.1E-03 3.3E-04 2.9E-03 2.0E-04 7.1E-05 3.6E-04
L-asparagine 1.0E-04 5.0E-05 3.3E-04 3.8E-04 1.7E-03 3.0E-04 7.6E-05
L-aspartic acid 1.0E-04 5.0E-05 2.3E-04 2.3E-04 1.5E-04 2.3E-04 1.5E-04 4.5E-04
L-cysteine 2.0E-04 1.0E-04 5.7E-04 1.5E-03 5.6E-07 9.9E-04 2.0E-04 5.0E-04
L-cystine 1.0E-04 2.0E-04 1.0E-04 1.0E-04 8.3E-05 2.1E-04 9.9E-05 9.9E-05 6.3E-05
L-glutamic acid 1.0E-04 5.0E-05 5.1E-04 5.1E-04 1.4E-04 4.5E-04 1.5E-04 1.0E-03
L-glutamine 2.0E-03 4.0E-03 1.0E-03 2.5E-03 2.0E-03 6.8E-04 2.1E-03 6.8E-04 2.1E-03 1.5E-03 1.4E-03 2.4E-03
Glycine 4.0E-04 1.0E-04 2.5E-04 6.7E-04 6.7E-04 1.3E-04 6.7E-04 2.7E-03 1.0E-04 6.7E-04
L-histidine 2.0E-04 2.0E-04 1.0E-04 1.5E-04 2.0E-04 9.5E-05 9.7E-05 1.0E-04 1.6E-03 1.0E-04 3.9E-04 8.3E-04
L-hydroxy-proline 7.6E-05 1.5E-04 7.6E-05 1.5E-04
L-isoleucine 4.0E-04 8.0E-04 3.0E-05 4.2E-04 4.0E-04 1.5E-04 3.8E-04 1.5E-04 9.5E-04 3.0E-04 5.7E-04 1.9E-04
L-leucine 4.0E-04 8.0E-04 1.0E-04 4.5E-04 4.0E-04 4.6E-04 3.8E-04 4.6E-04 9.5E-04 3.0E-04 2.3E-04 3.8E-04
L-lysine HCl 4.0E-04 8.0E-04 2.0E-04 5.0E-04 4.0E-04 3.8E-04 2.2E-04 3.8E-04 5.1E-04 2.0E-04 2.7E-04 1.3E-03
L-methionine 1.0E-04 2.0E-04 3.0E-05 1.2E-04 1.0E-04 1.0E-04 1.0E-04 1.0E-04 5.0E-04 1.0E-04 6.7E-04 3.4E-04
L-phenylalanine 2.0E-04 4.0E-04 3.0E-05 2.2E-04 1.9E-04 1.5E-04 9.1E-05 1.5E-04 7.6E-04 1.0E-04 4.1E-04 3.0E-04
L-proline 3.0E-04 1.5E-04 3.5E-04 3.5E-04 1.7E-04 3.5E-04 1.5E-04 4.3E-04
L-serine 4.0E-04 1.0E-04 2.5E-04 2.4E-04 2.4E-04 2.9E-04 2.4E-04 1.9E-03 2.5E-04 1.4E-04
L-threonine 4.0E-04 8.0E-04 1.0E-04 4.5E-04 4.0E-04 2.5E-04 1.7E-04 2.5E-04 2.5E-03 1.5E-04 3.4E-04 6.3E-04
L-tryptophan 4.9E-05 7.8E-05 1.0E-05 4.4E-05 4.9E-05 4.9E-05 2.5E-05 4.9E-05 9.8E-05 1.5E-05 4.9E-05 2.0E-04
L-tyrosine 2.0E-04 4.0E-04 3.0E-05 2.1E-04 2.3E-04 2.2E-04 1.1E-04 2.2E-04 1.7E-03 1.2E-04 3.3E-04 2.2E-04
L-valine 4.0E-04 8.0E-04 1.0E-04 4.5E-04 3.9E-04 2.1E-04 1.7E-04 2.1E-04 8.5E-04 1.5E-04 6.0E-04 5.6E-04
Vitamins
p-Aminobenzoic

acid
3.6E-07 7.3E-06 3.6E-07 7.3E-06

L-Ascorbic acid 2.5E-04 2.8E-04 2.8E-07 3.2E-06 9.9E-05
Biotin 3.0E-08 1.5E-08 4.1E-07 4.1E-08 8.2E-07 4.1E-08 8.2E-07 4.1E-08 8.2E-08
Calciferol 2.5E-07
Choline chloride 7.1E-06 2.9E-05 1.0E-04 6.4E-05 7.1E-06 3.6E-06 2.1E-05 3.6E-06 7.1E-06 3.6E-05 1.1E-05 1.8E-03
Folic acid 2.3E-06 9.1E-06 2.9E-06 6.0E-06 2.3E-06 2.3E-08 2.3E-06 2.3E-08 2.3E-06 2.3E-05 2.3E-05 9.1E-07
myo-Inositol 1.1E-05 4.0E-05 1.0E-04 7.0E-05 1.1E-05 2.8E-07 1.9E-04 2.8E-07 1.1E-05 2.0E-04 8.3E-06 5.6E-06
Menadione 6.9E-08
Nicotinamide 8.2E-06 3.3E-05 3.3E-07 1.7E-05 8.2E-06 2.0E-07 8.2E-06 2.0E-07 8.2E-06 4.1E-06 4.1E-06 8.2E-06
Nicotinic acid 2.0E-07 4.1E-06
D-Ca

pantothenate
4.2E-06 1.7E-05 2.0E-06 9.4E-06 4.2E-06 4.2E-08 1.1E-06 4.2E-08 4.2E-06 8.4E-07 2.1E-06 4.2E-06

Pyridoxal HCl 4.9E-06 2.0E-05 3.0E-07 1.0E-05 4.9E-06 1.2E-07 1.2E-07 2.5E-06 2.5E-06
Pyridoxine HCl 3.0E-07 1.5E-07 1.2E-07 4.9E-06 1.2E-07 2.4E-06 4.9E-06
Riboflavin 2.7E-07 1.1E-06 1.0E-07 5.8E-07 2.7E-07 2.7E-08 5.3E-07 2.7E-08 1.9E-07 5.3E-07 1.3E-06 2.7E-06
Thiamin 3.0E-06 1.2E-05 1.0E-06 6.4E-06 3.0E-06 3.0E-08 3.0E-06 3.0E-08 2.4E-06 5.9E-07 3.0E-06 3.0E-05
Thiamin mono

PO4

4.8E-06

α-Tocopherol 2.3E-08
Retinol acetate 3.5E-07
Vitamin B12 1.0E-06 5.0E-07 1.0E-06 3.7E-09 1.5E-07
Antioxidants
Glutathione 3.0E-05 3.0E-06 1.5E-07 1.5E-06 4.5E-05
Inorganic salts
CaCl2 1.8E-03 1.8E-03 3.0E-04 1.1E-03 1.8E-03 1.8E-03 1.3E-03 1.3E-03 9.0E-04 6.2E-04 8.2E-04
KCl 5.3E-03 5.3E-03 3.0E-03 4.2E-03 5.3E-04 5.3E-03 5.3E-03 5.3E-03 5.3E-03 5.3E-03 5.3E-03 2.0E-03
KH2PO4 4.4E-04 4.4E-04 5.9E-04
MgCl2 1.2E-01 1.2E-03
MgSO4 8.1E-04 8.1E-04 4.0E-04 8.1E-04 8.1E-04 4.0E-04 8.1E-04 1.6E-03 8.1E-04 4.9E-04 8.1E-04
NaCl 1.2E-01 1.1E-01 1.3E-01 1.2E-01 1.2E-01 1.0E-01 1.4E-01 1.4E-01 1.1E-01 1.4E-01 1.0E-01
NaHCO3 2.6E-02 4.4E-02 1.4E-02 2.9E-02 2.6E-02 2.6E-02 4.2E-03 2.6E-02 1.3E-02 2.7E-02
NaH2PO4 1.0E-03 9.1E-04 4.5E-04 1.0E-03 4.2E-03 5.7E-04
Na2HPO4 1.0E-03 5.0E-04 5.6E-03 4.0E-04 1.6E-03 5.0E-04 2.1E-03

(Continued overleaf )
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TABLE 9.3. Frequently Used Media (Continued)

Component MEM DMEM F12
DMEM/

F12 αMEM
CMRL
1066

RPMI
1640 M199 L15

McCoy’s
5A Fischer

MB
752/1

Trace elements
CuSO4 · 5H2O 1.6E-08 7.8E-09
Fe(NO3)3 · 9H2O 2.5E-07 1.2E-07
FeSO4 · 7H2O 3.0E-06 1.5E-06
ZnSO4 · 7H2O 3.0E-06 1.5E-06
Bases, nucleosides, etc.
Adenine SO4 5.4E-05
Adenosine 3.7E-05
AMP 5.8E-07
ATP 1.8E-05
Cytidine 4.1E-05
Deoxyadenosine 4.0E-05 4.0E-05
Deoxycytidine 4.2E-05 3.8E-05
Deoxyguanosine 3.7E-05 3.7E-05
2-Deoxyribose 3.7E-06
DPN 9.5E-06
FAD 1.2E-06
Glucuronate, Na 1.9E-05
Guanine 1.6E-06
Guanosine 3.5E-05
Hypoxanthine 3.0E-05 1.5E-05 2.2E-06
5-Me-deoxycytidine 4.1E-07
D-Ribose 3.3E-06
Thymidine 3.0E-06 1.5E-06 4.1E-05 4.1E-05
Thymine 2.4E-06
TPN 1.3E-06
Uracil 2.7E-06
Uridine 4.1E-05
UTP 1.8E-06
Xanthine 2.0E-06
Energy metabolism
Cocarboxylase 2.2E-06
Coenzyme A 3.3E-06
D-galactose 5.0E-02
D-glucose 5.6E-03 2.5E-02 1.0E-02 1.8E-02 5.6E-03 5.6E-03 1.1E-02 5.6E-03 1.7E-02 5.6E-03 2.8E-02
Sodium acetate 6.1E-04 4.5E-04
Sodium pyruvate 1.0E-03 1.0E-03 1.0E-03 1.0E-03 5.0E-03
Lipids and precursors
Cholesterol 5.2E-07 5.2E-07
Ethanol (solvent) 3.5E-04
Linoleic acid 3.0E-07 1.5E-07 8.9E-05
Lipoic acid 1.0E-06 5.1E-07 9.7E-07
Tween 80 1.8E-05 1.8E-05
Other components
Peptone, mg/mL 0.6
Phenol red 2.7E-05 4.0E-05 3.2E-05 3.6E-05 2.9E-05 5.3E-05 1.3E-05 4.5E-05 2.7E-05 2.9E-05 1.3E-05 2.7E-05
Putrescine 1.0E-06 5.0E-07
Gas phase
CO2 5% 10% 2% 7% 5% 5% 5% 5% Air 5% 2% 5%

All concentrations are molar, and computer-style notation is used (e.g., 3.0E-2 = 3.0 × 10−2 = 30 mM). Molecular weights are given for root compounds; although
some recipes use salts or hydrated forms, molarities will, of course, remain the same. Synonyms and abbreviations: AMP, adenosine monophosphate; ATP, adenosine
triphosphate; biotin = vitamin H; calciferol = vitamin D2; FAD, flavine adenine dinucleotide; lipoic acid = thioctic acid; menadione = vitamin K3; myo-inositol; =
L-inostitol; nicotinamide = niacinamide; nicotinic acid = niacin; pyridoxine HCl = vitamin B6; thiamin = vitamin B1; α-tocopherol = vitamin E; retinol = vitamin A1;
TPN, triphosphopyridine nucleotide; UTP, uridine triphosphate; vitamin B12 = cobalamin. See text for references.
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Fig. 5.16. CO2 Incubator Design. Front view of control panel and section of chamber of two stylized
humid CO2 incubators. (a) Water-jacketed with circulating fan. (b) Dry-walled with no circulating
fan (not representative of any particular makes).

opening, although natural convection incubators can still
have a quick recovery and greatly reduce the risks of con-
tamination. Dry, heated wall incubators also encourage less
fungal contamination on the walls, as the walls tend to remain
dry, even at high relative humidity. Some CO2 controllers
need to be calibrated every few months, but the use of gold
wire or infrared detectors minimizes drift and many models
reset the zero of the CO2 detector automatically.

The size of incubator required will depend on usage, both
the numbers of people using it and the types of cultures.
Five people using only microtitration plates could have 1000
plates (∼100,000 individual cultures) or 10 experiments each
in a modest-sized incubator, while one person doing cell
cloning could fill one shelf with one or two experiments.
Flask cultures, especially large flasks, are not an economical
use of CO2 incubators. They are better incubated in a regular
incubator or hot room. If CO2 is required, flasks can be
gassed from a cylinder or CO2 supply.

Frequent cleaning of incubators—particularly humidified
ones—is essential (see Section 19.1.4), so the interior should
dismantle readily without leaving inaccessible crevices or
corners. Flasks or dishes, or boxes containing them, that are
taken from the incubator to the laminar-flow hood should be
swabbed with alcohol before being opened (see Section 6.3.1).

5.3.3 Temperature Recorder
A recording thermometer with ranges from below −50◦C
to about +200◦C will enable you to monitor frozen storage,
the freezing of cells, incubators, and sterilizing ovens with

one instrument fitted with a resistance thermometer or
thermocouple with a long Teflon-coated lead.

Ovens, incubators, and hot rooms should be monitored
regularly for uniformity and stability of temperature control.
Recording thermometers should be permanently fixed
into the hot room, sterilizing oven, and autoclave, and
dated records should be kept to check regularly for
abnormal behavior, particularly in the event of a problem
arising.

5.3.4 Roller Racks
Roller racks are used to scale up monolayer culture (see
Section 26.2.3). The choice of apparatus is determined by the
scale (i.e., the size and number of bottles to be rolled). The
scale may be calculated from the number of cells required, the
maximum attainable cell density, and the surface area of the
bottles (see Table 8.1). A large number of small bottles gives
the highest surface area but tends to be more labor intensive
in handling, so a usual compromise is bottles around 125 mm
(5 in.) in diameter and various lengths from 150 to 500 mm
(6–20 in.). The length of the bottle will determine the
maximum yield but is limited by the size of the rack; the
height of the rack will determine the number of tiers (i.e.,
rows) of bottles. Although it is cheaper to buy a larger rack
than several small ones, the latter alternative (1) allows you
to build up your racks gradually (having confirmed that the
system works), (2) can be easier to locate in a hot room,
and (3) will still allow you to operate if one rack requires
maintenance. Bellco or Thermo Electron bench-top models
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