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SUMMARY 

The main objective of this work was to be conversant 

with using cryomicroscopy as an essential technique for 
investigation of cellular behavior under application of given 

freezing stress. Two different cells namely Pacific Oyster 

embryos and Jurkat were chosen for study. Oyster embryos 

were obtained from Oysters bought from several local 

seafood markets of Baton Rouge. The freezing experiments 

on Oyster embryos were carried out at defined protocols 

and freezing rates of 5 and 10
o
C/minute. Likewise Jurkat 

cells were collected from culture and then washed and re-

suspended in Dulbeccoôs Phosphate Buffered Saline (PBS). 

The freezing experiments were carried out at defined 

freezing protocols and at various freezing rates of 5, 20, 30 

and 50ęC/min. Intracellular ice formation in Oyster embryos 

were observed at both freezing rates of 5 and 10
o
C/minute. 

In Jurkat cells IIF was observed through two different 

phenomena namely darkening of cells and twitching at 

freezing rates of 10
o
C/minute and 50

o
C/minute respectively. 

 

NOMENCLATURE  

Symbol                        Definition  
     A     Cell surface area    

     B       Constant cooling rate 

     N
S 
                      Number of water molecules in contact      

                                with the plasma membrane                                                                                

     T                         Absolute temperature 

     Tf                           Equilibrium freezing  

     Tseed                              Temperature at which  

     ɋSCN                    Pre-exponential (kinetic) heterogeneous  

                                ice nucleation parameter   

     əSCN                    Exponential (thermodynamic)  

                                parameter 

     ɋVCN                             Pre-exponential (kinetic) homogeneous 

                                 nucleation parameter       

     əVCN                    Exponential (thermodynamic)  

                                homogeneous nucleation parameter      
      ɖ                        Viscosity of the cytosol 

    PIF
SCN                         

 Probability of IIF through surface 

                                controlled nucleation. 

INTRODUCTION  
 The use of low temperatures to store living systems 

has been successfully applied to a variety of mammalian 
systems [1] including red blood cells, lymphocytes, 

gametes, embryos, cultured cells, hepatocytes, bone marrow 

stem cells, cornea, skin and pancreatic cells. The two main 

consequences of freezing cells (isolated or embedded in 

tissue in the presence of extracellular/vascular ice) are 

cellular dehydration or the loss of intracellular water and 

intracellular ice formation (IIF). The process of cellular 

dehydration of mass transfer across the cell membrane can 

occur at relatively óslowô cooling rates and is governed by 

the membrane transport properties, reference hydraulic 

permeability (Lpg) and the activation energy of the hydraulic 

conductivity (ELp).Conversely at ófastô cooling rates, heat 

transfer dominates over mass transfer and increases the 

likelihood that the supercooled intracellular fluid will form 

intracellular ice. This model is dependent on two nucleation 

parameters namely a thermodynamic parameter (əSCN) and a 

kinetic parameter (ɋSCN). Hence in order to accurately 
model systems during freezing, both water transportation 

and intracellular ice formation need to be studied. In this 

work the main aim of studying the freezing response of 

Oyster embryos was to investigate optimal freezing rates at 

which such cells could be cryopreserved conveniently. On 

the other hand optimal freezing rates for destroying the 

malignant Jurkat cells were also investigated.  

 

MATERIALS AND METHODS  
 Pacific oyster embryos were obtained from a 

population of fertilized eggs, 120 minutes after artificial 

fertilization in sea water of 34+2% salinity at a temperature 

of 27+ 1
o
C. Hundreds of oyster embryos pooled from two 

or more females were placed in petri dishes used for 

cryomicroscopy. Pacific oyster embryos were found to be 

spheres with diameters of ~ 60 ɛm.   

 Jurkat cells were maintained in 25 cm
2 

T-flasks 
(BD Falcon, Franklin Lakes, NJ) with 5 ml of HyQ® 

ROMI-1640-reduced serum medium (RPMIRS) 

supplemented with 3% fetal bovine serum (FBS) and 
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incubated at 37
o
C in a humidified atmosphere containing 

5% CO2. For cryomicroscopy experiments, the Jurkat cells 

were transferred to a centrifuge tube and spun down at 1900 

rpm for 5 minutes using Eppendorf Minispin Plus 

centrifuge. The pellet was re-suspended in Dulbeccoôs 

Phosphate Buffered Saline (DPBS). 

 Cryomicroscopy: The cryostage was developed by 

LINKAM Scientific (Surrey, United Kingdom; Model BCS 

196) and was capable of controlled cooling and heating 
between -125 and 160

o
C and at rates between 0.01 and 

130
o
C/minute. The cryomicroscope system was fitted with a 

óCool Snap cfô monochromatic camera (Hamamatsu, 

Photonics, Bridgewater, NJ) connected to a Dell computer. 

During the experiments, live video signal was sent from the      

camera to the computer and recorded. The images were then 

be digitalized using a Dell workstation. The digital images 

were subsequently analyzed using NIH-Image software 

(NIH, Bethesda, MD).  

 

DISCUSSION AND RESULTS 
 Intracellular Ice Formation (IIF) model: The 

model used in this work was based on the formulations 

developed by Toner et al. [3]. In a thermodynamic system 

composed of identical cells, the probability of intracellular 

ice formation (PIF) by surface catalyzed nucleation (SCN) 

was given by the following equations: 
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The subscript óoô is used to denote isotonic solutions. As the 

cellular cytosol is assumed to behave like water, its 

viscosity is assumed to be the same i.e. ɖ (T) = 6.627x10
-4 

x 

exp (1.807 x 10
-4
/RT) (kg/m.s). PIF in cells was assumed to 

be equal to the ratio of cumulative number of cells 

exhibiting blackening/twitching to the total number of cells 

in the sample population. Crystallization times were 

negligible as compared to nucleation times and hence 

experimentally measured crystallization rates were assumed 

to be equal to nucleation rates. For both cell types, data 

from freezing responses of 30-50 cells were pooled together 

to obtain IIF kinetics. While oyster embryos showed 

evidences of IIF at freezing rates as low as 5 and 

10
o
C/minute through darkening, Jurkat cells demonstrated 

IIF at freezing rates of 10
o
C/minute and 50

o
C/minute 

through darkening and twitching respectively. 

       
Fig1: Oyster embryos undergoing IIF through darkening 

        
Fig2: Left Jurkat cells at the start of the freezing experiment 

Right: Jurkat cells demonstrating IIF through darkening of 

cells                                                    
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Figure 1: Temperature vs % IIF, Oyster 
embryos 

Figure 2: Temperature vs % IIF,  
Jurkat cells 


